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a b s t r a c t

Objectives: We aimed to examine potential relationships and gender differences between cardiovascular
disease (CVD), diabetes, obesity, respiratory-related disorders, and gambling disorder (GD). We hy-
pothesized that (1) GD patients would be more likely than controls to have CVD, diabetes, obesity, and
respiratory-related diseases; and (2) females with GD would be more likely than men with GD to have
CVD, diabetes, obesity, and respiratory-related diseases.
Study design: National retrospective caseecontrol study.
Methods: We used data from the Swedish National Board of Health and Welfare between 2005 and 2019.
A total of 10,766 patients were included, and 3592 of them had GD. Every GD patient was matched with
two age- and gender-matched controls. Patient data, including the history of medical diagnoses, were
extracted. Descriptive statistics, Chi-squared and Fisher's exact tests were used to compare GD patients
and controls.
Results: GD patients had a higher prevalence of CVD and respiratory-related disorders than controls.
Diabetes rates were 5% for GD patients and 2% for controls; CVD (18% vs 12%); respiratory-related disease
(7% vs 4%); and obesity (7% vs 3%). Women with a diagnosis of GD have a higher prevalence of obesity
and somatic comorbidities other than diabetes compared to men.
Conclusions: This is the largest caseecontrol study conducted to date showing GD patients have a higher
prevalence of CVD, diabetes, obesity, and respiratory-related disorders than controls. Women with GD
appear to be more susceptible than men to CVD, obesity, and respiratory-related disorders; however, this
may be partially explained by differences in help-seeking behavior. Thus, our findings highlight the
importance of early identification of GD patients who may also have somatic conditions requiring
treatment. This can be accomplished by implementing a screening program for GD, CVD, diabetes,
obesity, and respiratory-related disorders, and by including healthy lifestyle management strategies.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is

an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

According to the DSM-5 (The Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition), gambling disorder (GD) is a
psychiatric condition classified as an addictive disorder.1 Approxi-
mately 0.6% of the adult population in Sweden has GD, while
another 3.6% are at risk.2 In Norway, 1.4% of the adult population
have problem gambling, while in other European countries, it
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ranges between 0.12% and 3.4%.3 Worldwide, the prevalence of
problem gambling is estimated to range from 0.5% to 7.6%.4 A
Swedish population study found that approximately 32% of men
and 21% of women aged 16 to 84 years had gambled in the previous
month. Adult gamblers aged 45e84 years are considered the most
active, with approximately 34% engaging in regular gambling.5

However, problem gambling remains most prevalent among
Swedish younger adults aged 25e44 years, being 1.9% of the
population.2

Only up to 20% of patients diagnosed globally with GD seek help
for their gambling problems.6 Hofmarcher et al. found that, in
Sweden, only 10% of problem gamblers sought treatment.7

Håkansson et al. demonstrated that only 20% of patients seeking
GD treatment in Sweden are women, and Miller et al. examined
clinical differences in GD treatment-seeking Swedish men and
women.8,9 Men seeking treatment were found to be five years
younger thanwomen, to have begun gambling 10 years earlier, and
to have exhibited problematic gaming behavior for two years
longer. Women also developed GD faster than men, despite having
gambled for a shorter period. In addition, Syvertsen et al. showed
that womenwho played electronic gaming machines progressed to
high-risk gambling faster compared to men.3

Psychiatric comorbidities are common and well-studied in pa-
tients with GD.10e13 According to a large national register study
conducted in Sweden, 73% had a comorbid diagnosis in addition to
GD, with anxiety and affective disorders among themost prevalent.
Furthermore, they reported that women are more likely than men
to have psychiatric comorbidities such as depression and anxiety.
However, in their study, no gender differences were found in
relation to substance use disorders.14

Gambling may predate and contribute to the development of
physical illnesses such as cardiovascular disease (CVD), diabetes,
obesity, and respiratory-related diseases. Butler et al. reported that
those with problem gambling had higher odds of a poor diet, low
physical exercise, and poor general health compared to non-
problem gamblers.15 The reason behind this could be that gam-
blers, especially online gambling, lack time for physical activity and
therefore develop poorer somatic health over time compared to
non-gamblers. Pathophysiological changes, such as an increased
heart rate and higher levels of noradrenergic metabolites, could
also be a potential explanation for the association between GD and
CVD.16,17 In addition, Grant and Potenza demonstrated that patients
with GD have elevated anxiety levels.18 Different confounding risk
factors, including lipid status, hypertension, and tobacco use, may
also account for the association between GD and CVD.19 One study
by Potenza et al. reported that the stress associated with gambling
wins and losses may worsen cardiovascular conditions.20 Previous
studies have also reported associations between GD, CVD, and liver
diseases.19,21 Black et al. showed in their study that GD patients
were more likely to be obese than controls (49% vs 28%, P ¼ .004).
Furthermore, patients with GD also had a higher prevalence of
asthma/chronic lung disease (18% vs 10%, P ¼ .099). However, no
differences were found between GD group and controls regarding
diabetes (7% vs 8%, P ¼ .693).22 While extant research has assessed
psychiatric comorbidities in GD patients, there is a dearth of studies
examining somatic health comorbidities such as CVD, diabetes,
obesity, and respiratory-related diseases, and their relationship
with GD. In addition, there are no studies comparing men and
women with GD with respect to their somatic health.

The aim of this caseecontrol study was to examine the associ-
ation between CVD, diabetes, obesity, respiratory-related disorders,
and lifetime GD. In addition, gender differences in somatic health in
GD patients were investigated. We hypothesized that (1) GD pa-
tients would be more likely than controls to have CVD, diabetes,

obesity, and respiratory-related diseases; and (2) females with GD
would be more likely than men with GD to have CVD, diabetes,
obesity, and respiratory-related diseases.23

Methods

Participants and recruitment procedure

This was a retrospective nationwide caseecontrol study based
on National Patient Register data retrieved from the Swedish Na-
tional Board of Health and Welfare. The data retrieved included all
patients over the age of 18 years with a diagnosis of GD in Swedish
specialized healthcare (ICD-10 code F63.0, also known as ‘patho-
logical gambling’) at any time between 2005 and 2019. Two gender-
and age-matched control subjects were randomly selected from the
general population using data from the Statistics Sweden popula-
tion register for each patient with GD. In total, 11,067 patients were
retrieved and assessed for eligibility from the registries. Patients in
the control group who had a history of GD were not eligible for this
study. After exclusion, the final sample consisted of 10,776 patients,
of whom 3592 had a GD diagnosis, as shown in Fig. 1.

Measures

The physician records the diagnosis as an ICD-code in the pa-
tient's medical record. All ICD-codes from patients will be trans-
ferred automatically to the system. These ICD-codes can then be
extracted from the National Patient Register based on inpatient and
outpatient visits and used for research purposes. Based on these
ICD-codes, the primary variables of this study are measured. CVD
included hypertension diseases (ICD-10 codes I10eI15), ischemic
heart diseases (I20eI25), diseases within lung circulation
(I26eI28), other forms of heart diseases (I30eI52), cerebrovascular
diseases (I60eI69), arterial diseases (I70eI79), and venous diseases
(I80eI89). Respiratory-related diseases included the ICD-codes
J40eJ47. Furthermore, diabetes and obesity were defined as ICD-
10 codes E10eE14 and E66, respectively.

Statistical analysis

All collected datawere organized and analyzed in SPSS Statistics
Version 28. The prevalence of CVD and respiratory-related disor-
ders was compared between patients with GD and controls, as well
as between genders, using Chi-squared and Fisher's exact tests. P-
values <.05 were considered statistically significant.

Ethics

This study was approved by the Regional Ethical Review Board
of Lund University (2019-01559) prior to its initiation and was
conducted in accordance with the Declaration of Helsinki's ethical
principles. The anonymity of patients was ensured by encoding
data retrieved from the Swedish National Board of Health and
Welfare.

Results

The present study included a total of 10,776 patients. The GD
group comprised 2791 men (78%) and 801 women (22%) with a
median age of 35 and 40 years, respectively, whereas the control
group comprised 5581 men (78%) and 1603 women (22%) with a
median age of 35 and 40 years, respectively (Table 1).
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Comparison between GD group and control group

As shown in Table 1, all CVD and respiratory-related disorders
were significantly more prevalent in the GD group than in the
control group. In the GD group, the prevalence of diabetes was
three percent higher than in the control group, 5% vs 2%, respec-
tively. Moreover, 18% of GD patients had CVD, compared to 12% of
the control group. The prevalence of respiratory-related disease
was greater in the GD group than in the control group. Accordingly,
the prevalence of obesity was greater in the GD group than in the
control group, 7% vs 3%, respectively.

Comparison between genders in GD group and control group

In both the GD group and the control group, the prevalence of
CVD and respiratory-related diseases, as well as obesity, was higher
amongwomen (Table 2). In contrast, therewere no differences in the
prevalence of diabetes between the two groups based on gender.

Discussion

The aim of this studywas to compare CVD, diabetes, obesity, and
respiratory-related disorders in GD patients and age- and gender-
matched controls. This study contributes to a novel understand-
ing of the prevalence of somatic comorbidities and obesity among
patients with GDs, a topic that has received considerably less
attention than alcohol or other substance use disorders. In addition,
the relationship between GD and CVD, diabetes, obesity, and
respiratory-related disorders, as well as gender differences, were
investigated for the first time in the largest caseecontrol study
conducted to date.

As hypothesized, patients with GD had a higher prevalence of
CVD, diabetes, obesity, and respiratory-related disorders compared
to controls of the same age and gender from the general population.
These results are consistent with those of previous research on the
somatic health of gamblers, which found that pathological gam-
blers have a high prevalence of cardiovascular symptoms and
conditions, with expected hypothesis of health worsening later in
life, as found in other psychiatric disorders.19e21,24,25 Black et al.
explained that pathological gamblers are more likely to make
poorer health-related lifestyle choices such as smoking, avoiding
exercise, increasing food consumption, and eating junk food con-
taining high levels of saturated fats and sugars, which could
contribute to the development of somatic diseases such as CVD,

Fig. 1. Overview of the patient selection process.

Table 1
Characteristics and proportions of CVD and respiratory-related disorders at baseline
for gambling disorder group (GD; F63.0) and control group between 2005 and 2019.

GD group
% (N)

Control group
% (N)

P-value

Total 33 (3592) 67 (7184)
Age (CI 95%, SD) 36 yrs (36e37, 12) 36 yrs (36e37, 12)
Gender
Male 78 (2791) 78 (5581) .987
Female 22 (801) 22 (1603)

CVD 18 (647) 12 (868) ***
Diabetes 5 (184) 2 (153) ***
Obesity 7 (239) 3 (200) ***
Respiratory-related diseases 7 (266) 4 (283) ***

*P < .05, **P < .01, ***P < .001.
CVD consisted of hypertension diseases (ICD-10 codes I10eI15), ischemic heart
diseases (I20eI25), diseases within lung circulation (I26eI28), other forms of heart
diseases (I30eI52), cerebrovascular diseases (I60eI69), arterial diseases (I70eI79),
and venous diseases (I80eI89). Respiratory-related diseases included the ICD-codes
J40eJ47. Furthermore, diabetes and obesity were defined as ICD-10 codes E10eE14
and E66, respectively.
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diabetes, obesity, and respiratory-related disorders.22 We also hy-
pothesized that women would be more likely than men to have
more CVD, diabetes, obesity, and respiratory-related disorders. This
result is partly in concordance with previous studies, where it was
found that whereas the coronary heart disease is higher in males,
the CVD is higher in females, in the specific studied age range.23,26

However, Nordstrom et al. found that the prevalence of type 2
diabetes was significantly higher in men than in women (14.6% vs
9.1%, P < .001).27 In addition, Cooper et al. found that women have a
higher prevalence of obesity than men worldwide (15% vs 11%).28

Respiratory-related diseases such as asthma and COPD are more
common in adult women than men.29 As far as we are aware, no
previous research has investigated the differences between gen-
ders in terms of GD and somatic health. However, studies on the
differences in psychiatric disorders between men and women with
GD have revealed that women have a higher risk of having a psy-
chiatric disorder in conjunction with GD, but also more abnormal
eating behavior (food addiction [FA]), and consequent increase
body mass index (BMI), to cope with negative emotions.12,30,31 The
presence of FA in female GD (18.8% of cases) has been found to be
associated with more gambling symptomatology, greater general
psychopathology, more dysfunctional personality traits, less ca-
pacity to deal with emotions, and higher BMI.30,32

Our study highlights that little is known about the association
between CVD, diabetes, obesity, and respiratory-related disorders
in patients with GD. Moreover, our results indicate that, like psy-
chiatric comorbidities, somatic comorbidities are more prevalent in
GD patients compared to controls and inwomen compared to men,
as the case of other psychiatric disorders.25,33e35 This implies the
need for health and social care professionals to early identify pa-
tients with GD who may additionally have somatic comorbidities
that may need attention currently and later in life, with additional
health and socio-economic burden. At this point in our knowledge,
we believe that the implementation of a screening protocol could
aid clinicians in the early detection of somatic conditions requiring
further treatment and/or preventive interventions in patients with
problem gambling or GD, in order to improve CVD, diabetes,
obesity, and respiratory-related diseases, and introducing healthy
lifestyles, nutritional advice, and management of sedentary
behavior.36 In addition, women appear to be more susceptible than
men to psychiatric comorbidities and should therefore not be
neglected and given special emphasis.

The present study is not without its limitations. One of the
limitations of this study is that the data in the register was pre-
collected and is based on ICD codes, which are registered di-
agnoses by health care providers and not the researcher. Moreover,
register data occasionally lack essential information, such as in-
formation not reported to the register regarding diagnosis, and as a

result, crucial information may be missing. Males and females
approach assistance-seeking differently, which is another factor to
consider. Women are more likely to seek help for mental health
issues, according to previous research, and somatic symptoms and
pathological gambling are no exception, which may explain why
the prevalence of somatic comorbidities is lower in males than in
females, as demonstrated by our findings.37e39 A limitation of the
study is that some of the patients are in the younger age range or
have had their GD diagnosis for a short period of time; as a result,
they have not had time to develop somatic conditions such as CVD
or obesity and are therefore considered to be somatically healthy.
Even though each GD patient in our study had two age- and gender-
matched controls, we did not perform a matched analysis on the
GD patients and their respective controls. This could have poten-
tially introduced confounding variables into the study design and
should have been accounted for in a matched analysis.

This study's inclusion of a large number of patients is one of its
strengths. The register of individuals with GD used in this study is
unique in that it includes all Swedish patients with a GD diagnosis.
In addition, the inclusion of two controls of the same age and
gender as the individual with GD is a strength.

Conclusions

CVD, diabetes, obesity, and respiratory-related disorders were
more prevalent in GD patients than in the general population. The
prevalence of somatic comorbidities and obesity is higher in
women than inmen. There were no differences in the prevalence of
diabetes between two groups based on gender. This necessitates
that health and social care professionals play a crucial role in
identifying patients with GD who may also have somatic comor-
bidities requiring treatment or prevention. However, additional
research is required to verify these results.
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GD group Control group

Men
% (N)

Women
% (N)

P-value Men
% (N)

Women
% (N)

P-value

Total 78 (2791) 22 (801) 78 (5581) 22 (1603)
Age

(CI 95%, SD)
35 yrs
(35e36, 11)

40 yrs
(40e41, 12)

35 yrs
(35e35, 11)

40 yrs
(40e41, 12)

CVD 17 (466) 23 (181) *** 11 (612) 16 (256) ***
Diabetes 5 (134) 6 (50) .103 2 (113) 3 (40) .250
Obesity 4 (116) 15 (123) *** 2 (83) 7 (117) ***
Respiratory-related diseases 6 (165) 13 (101) *** 4 (204) 5 (79) *

*P < .05, **P < .01, ***P < .001.
CVD consisted of hypertension diseases (ICD-10 codes I10eI15), ischemic heart diseases (I20eI25), diseases within lung circulation (I26eI28), other forms of heart diseases
(I30eI52), cerebrovascular diseases (I60eI69), arterial diseases (I70eI79), and venous diseases (I80eI89). Respiratory-related diseases included the ICD-codes J40eJ47.
Furthermore, diabetes and obesity were defined as ICD-10 codes E10eE14 and E66, respectively.
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a b s t r a c t

Objective: The study aimed to identify, appraise and update evidence on the association between cold
temperatures (i.e. <18�C) within homes (i.e. dwellings) and health and well-being outcomes.
Study design: This study was a systematic review.
Methods: Seven databases (MEDLINE, Embase, Cochrane Database of Systematic Reviews, CINAHL, APA
PsycInfo, Applied Social Sciences Index and Abstracts, Coronavirus Research Database) were searched for
studies published between 2014 and 2022, which explored the association between cold indoor tem-
peratures and health and well-being outcomes. Studies were limited to those conducted in temperate
and colder climates due to the increased risk of morbidity and mortality during winter in those climatic
zones. Studies were independently quality assessed using the Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies.
Results: Of 1209 studies, 20 were included for review. Study outcomes included cardiovascular (blood
pressure, electrocardiogram abnormalities, blood platelet count), respiratory (chronic obstructive pul-
monary disease symptoms, respiratory viral infection), sleep, physical performance and general health.
Seventeen studies found exposure to cold indoor temperatures was associated with negative effects on
health outcomes studied. Older individuals and those with chronic health problems were found to be
more vulnerable to negative health outcomes.
Conclusion: Evidence suggests that indoor temperatures <18�C are associated with negative health ef-
fects. However, the evidence is insufficient to allow clear conclusions regarding outcomes from specific
temperature thresholds for different population groups. Significant gaps in the current evidence base are
identified, including research on the impacts of cold indoor temperatures on mental health and well-
being, studies involving young children, and the long-term health effects of cold indoor temperatures.
© 2023 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Indoor cold exposure, cold conditions, and cold housing are
common terminology used to describe cold indoor temperatures in
homes (i.e. dwellings). In the present review, the terminology ‘cold
indoor temperatures’ has been used for consistency hereafter. In-
ternational evidence suggests that living in a cold home (i.e.
dwelling) may contribute to a range of negative health out-
comes,1e3 including poor respiratory3e6 and cardiovascular

health,3,7 mental illness (e.g. depression and anxiety),2 loneliness,
and social isolation8,9 and a greater prevalence of falls.8 Certain
population groups (e.g. those of young and old age or individuals
living with long-term health conditions or disability) are thought to
be especially vulnerable to experiencing such outcomes.6

A 2016 systematic review of the impacts of cold indoor tem-
peratures on health identified 20 studies (covering 1973 to 2014)
and found negative outcomes to cardiovascular and respiratory
health and to thermal comfort.3 It also found strong evidence that
homes below 18�C had a harmful effect on health but insufficient
evidence to support a previously recommended minimum
threshold of 21�C in living rooms.3,10 Accordingly, and due to the
wider health and well-being impacts associated with fuel poverty
and the increased carbon emissions from heating homes to higher

* Corresponding author. WHO Collaborating Centre on Investment for Health and
Well-being, Public Health Wales NHS Trust, Clwydian House, Wrexham Technology
Park, Wrexham, LL13 7YP, UK. Tel.: þ 3000 858313.

E-mail address: Hayley.Janssen@wales.nhs.uk (H. Janssen).

Contents lists available at ScienceDirect

Public Health

journal homepage: www.elsevier .com/locate/puhe

https://doi.org/10.1016/j.puhe.2023.09.006
0033-3506/© 2023 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Public Health 224 (2023) 185e194

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Hayley.Janssen@wales.nhs.uk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.puhe.2023.09.006&domain=pdf
www.sciencedirect.com/science/journal/00333506
http://www.elsevier.com/locate/puhe
https://doi.org/10.1016/j.puhe.2023.09.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.puhe.2023.09.006
https://doi.org/10.1016/j.puhe.2023.09.006


temperatures, the review concluded that a minimum indoor tem-
perature of 18�C was appropriate.

Since publication of the systematic review in 2016, the UK
Health Security Agency recommends a single minimum indoor
temperature of 18�C.3,11 Similarly, the World Health Organization
recommends a minimum indoor temperature of 18�C for general
populations during cold seasons in temperate and colder climates,
but that a higher minimum temperature may be necessary for
vulnerable groups, including children, the elderly and those with
chronic illness.12e14 Despite minimum indoor temperature rec-
ommendations for homes being largely consistent, the 2016 review
acknowledged the need for further research to understand the
relationship between behaviour, vulnerability to cold and potential
risks to health in both the short term and long term.3 To address
this gap, this review aimed to identify evidence on the association
between cold indoor temperatures and health and well-being
published since the studies identified in the 2016 systematic re-
view,3 with the review expanded to include social outcomes,
studies using secondary data and intervention studies.

Rising global energy prices since the latter half of 2021 have
negatively affected the affordability of heating a home and have
increased levels of fuel poverty, exposing more people to cold in-
door temperatures.15e17 The rising cost of energy and fuel poverty,
alongside recovery from the COVID-19 pandemic and heightened
awareness of climate change are all factors that may influence a
household's vulnerability to living in a cold home. These current
challenges exacerbate the need to further understand the impact of
cold indoor temperatures on health and well-being and to help
determine if temperature recommendations for homes are appro-
priate and, if so, at what threshold.

As such, the present review aimed to identify, appraise and
update the evidence on the association between cold indoor tem-
peratures (i.e. <18�C) and health and well-being.

Methods

Search strategy and selection criteria

Seven electronic databases (APA PsycInfo, Applied Social Sci-
ences Index and Abstracts, Cochrane Database of Systematic Re-
views, the Coronavirus Research Database, Cumulative Index to
Nursing and Allied Health, Embase and MEDLINE) were searched
for studies published between 1 February 2014 and 17 February
2022, which explored associations between cold indoor tempera-
tures and health and well-being. Search terms are presented in
Table 1. The search strategy expanded on that used in a previous
systematic review3 to include social outcomes, secondary data

analysis and intervention studies. Database searches were supple-
mented through manual searching and expert consultation.
Included studies met the following criteria: human subjects of all
ages, measurement of specific temperatures or thresholds or en-
ergy efficiency measures/interventions (e.g. insulation or heating
systems), all health and well-being outcomes, including social ef-
fects (e.g. loneliness and isolation) except sport and exercise per-
formance, and published in the English language. Evidence
synthesis (e.g. systematic review, meta-analysis), commentary/
editorial, ideas and opinion pieces, studies in tropical, subtropical
or arctic climates, and studies using extreme cold exposure (<5�C),
overheating or outdoor temperatures were excluded. After the
removal of duplicates, two reviewers (H.J. and B.G.) retrieved and
independently screened titles and abstracts, then full text articles,
with conflicts over inclusion resolved through discussion.

Data analysis

Included articles were independently assessed by two reviewers
(H.J. and B.G.) for quality and risk of bias (good, fair, poor) using the
Quality Assessment Tool for Observational Cohort and Cross-
Sectional Studies.18 For each article, data were extracted for coun-
try, study design, population, purpose, exposure, outcome(s), re-
sults, strengths, and limitations, with data extraction checked
(M.R.). Due to heterogeneity in studymethodology, population, and
outcomes, data were narratively synthesised.

Results

From 1210 references identified through searching, full text
copies of 42 studies were obtained and screened, of which 20
studies were included (Fig. 1). Of these, cardiovascular, respiratory,
sleep, physical performance and general health outcomes were
measured (shown in Table 2). Most studies (n¼ 11) were conducted
in older adult populations with varying age ranges (older age was
commonly defined in the studies as aged >60 years), eight were in
general adults, one in younger adults (23e26 years) and one in
children (�15 years; Table 3). Eleven studies were conducted in
Japan,19e29 four in England,30e33 and one study each in China,34

Germany,35 Taiwan,36 the United States37 and Australia.38 Study
quality was rated (see methods) as predominantly fair (n ¼ 10) or
good (n ¼ 9), with only one study rated as poor.37

The majority of studies (n ¼ 18) recorded temperature inside
rooms in participants’ homes. Two studies were conducted in lab-
oratory settings under thermal test conditions.35,36 Most household
studies used branded data logger devices to automatically record
temperature and humidity (n ¼ 12), installed at prescriptive posi-
tions (60e110 cm off the floor and away from heat sources).
However, the timing of temperature measurement varied across
studies (from every 10 min [n ¼ 10] to a single time point [n ¼ 3]).
Most studies (n ¼ 14) also collected outdoor temperatures.

Cold temperature thresholds varied across studies, with more
than half (n ¼ 11) investigating the health effects of a specified
indoor temperature at or below 18�C (range 10�Ce17.9�C).19,
22,23,26e29,31,34e36,38 In nine studies, analysis drew on a comparison
with warmer indoor temperatures.

Cardiovascular health (n ¼ 10)

Half of the included studies (n ¼ 10) explored the impacts of
cold indoor temperatures on cardiovascular health, although pop-
ulations varied across studies (Tables 3 and 4). Four observational
studies20,25,30,31 and two intervention studies21,24 examined the
effects on blood pressure, reporting significant associations be-
tween lower indoor temperatures and higher blood pressure. In

Table 1
The search terms and Boolean operators used.

Search Search terms

#1 Cold AND (weather OR seasonal OR temperature OR “thermal
comfort”)
OR “indoor temperature”

#2 Indoor OR room OR home OR dwelling OR house OR inside OR
housing

#3 “Myocardial infarction” OR coronary OR “heart attack” OR stroke OR
angina OR “blood pressure” OR hypothermia OR COPD OR “chronic
obstructive pulmonary disease” OR influenza OR flu OR asthma OR
bronchitis OR “respiratory disease” OR dementia OR fall OR accident
OR injury OR “mental health”“ OR depression OR morbidity OR
mortality OR “excess winter deaths”“ OR health OR wellbeing OR
physical OR activity

#4 #1 AND #2 AND #3
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observational studies, changes in blood pressure varied, with in-
creases in systolic blood pressure of 2.2 mmHg,20 4.8mmHg,30 and
8.2 mm Hg25 recorded per 10�C decrease in temperature. One
cross-sectional study explored the differential impacts of cold in-
door temperatures by sex and age, finding that older adults and
women may be more vulnerable to cold temperatureeassociated
increases in blood pressure than younger adults or men.25 An
experiment investigating overnight temperature exposure under
controlled conditions showed that when compared to overnight
warmth (24.40 ± 0.78�C), exposure to cold (16.67 ± 0.45�C)
increased morning blood pressure in young men with
prehypertension.36

A cross-sectional study exploring the potential pathways for the
effects of cold indoor temperatures on blood pressure found salt
intake (measured by nocturnal urinary sodium excretion) was
approximately 15% higher in the coldest homes (10.1 ± 2.3�C)
compared with the warmest (19.3 ± 1.8�C) and was associated with
higher night-time ambulatory blood pressure.22 Furthermore, two
cross-sectional studies showed that cold indoor temperatures
<15�C (<14.4�C and <12�C) were associated with higher blood

platelet count and increased electrocardiogram abnormalities,
which may contribute to increased risk of cardiovascular
disease.23,29

Respiratory health (n ¼ 3)

Three studies assessed associations between cold indoor tem-
perature and respiratory health (Tables 3 and 4). One prospective
cohort study found colder indoor temperatures �18.2�C were
associated with increased severity of symptoms in patients with
COPD.34 Two studies e one cross-sectional in the general adult
population and one prospective cohort of children aged �15 years
e observed no significant relationship between cold indoor tem-
peratures and symptoms of viral infection.19,37

Sleeping problems (n ¼ 2)

One observational study in older adults showed cold indoor
temperatures (at 10�C vs 25�C) were associated with greater diffi-
culties initiating sleep, measured by time to sleep or sleep onset

Fig. 1. Study selection flowchart.

Table 2
Outcomes measured in included studies.

Health category Number
of studies

Outcome explored

Cardiovascular 10 Blood pressure,20,21,24,25,30,31,36 salt intake (linked to blood pressure),22 electrocardiogram (also known as ECG)
abnormalities29 and blood platelet count23

Respiratory 3 Chronic obstructive pulmonary disease symptoms34 and respiratory viral infection19,37

Sleep 2 Nocturia*27 and sleep onset latency**26

Physical performance 2 Physical performance35 and handgrip strength28

General health 3 Perceived impact of cold on health32 and self-rated health33,38

*Needing to wake up more than once at night to urinate. **The time it takes to fall asleep after turning the lights off.
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Table 3
Summary of the studies included in the review.

Ref, country,
design,
QA tool rating

Population Temperature measurement Outcome(s) studied

20Japan, PC, good 868 home-dwelling
men and women
(�60 years)

Living room and bedroom temps (indoor temp) measured day
and night 60 cm above the floor. Bed temp at the centre of the
bed 50 cm from the headboard. Temps recorded at 10-min
intervals using fixed thermo-sensors over 48-h period in winter
(Oct-April). Accuracy of indoor temp compared against
personal-level environmental temps measured by thermo-
sensor attached to ambulatory BP machine.

Daytime SBP, night-time SBP, nocturnal BP fall (%),
sleep-troughMBPS (sleep-trough MBPS is the mean SBP
in the 120 min after rising minus the lowest night-time
BP) and pre-waking MBPS (the difference between
mean SBP in the 120 min before and after rising time).

21Japan, RCT, good 359 men and women
(�60 years) allocated
randomly to either
control (n ¼ 173) or
intervention group
(n ¼ 186)

Living room temp measured 60 cm above the floor at 10-min
intervals using branded data loggers over 48-h period in winter
(December to March 2010 and September to March 2011 and
2012).

Indicators of ambulatory BP: sleep-troughMBPS and the
pre-waking MBPS. Physical activity. Living room temp.

22Japan, P, good 860 home-dwelling
men and women
(�60 years)

Living room and bedroom temps (indoor temp) measured
60 cm above the floor. Bed temp at the centre of the bed 50 cm
from the headboard. Temps recorded at 10-min intervals using
branded data loggers over 48-h period in winter (October to
April). The mean ambient temp during the last daytime before
the nocturnal urine collection was calculated from indoor temp.

Total nocturnal urinary sodium excretion (mmol) and
nocturnal urinary sodium excretion rate (mmol/h).
Ambulatory BP. Physical activity.

23Japan, CS, good 1095 home-dwelling
men and women
(�60 years)

Living room and bedroom temps (indoor temp) measured
60 cm above the floor. Bed temp at the centre of the bed 50 cm
from the headboard. Temps recorded at 10-min intervals using
branded data loggers over 48-h period in winter (October to
April).

After collecting an overnight fasting venous sample
with stasis in themorning, PLT counts weremeasured at
a commercial laboratory.

30England, CSa,
good

Representative sample
of 4659 adults
(�16 years). Pregnant
women were excluded.

Living room temp measured once by nurse using a standard
digital thermometer, which was kept away from heat sources,
such as radiators or sunlight, and hung over the edge of a table
where possible (location of measurement and date/time of day
not specified).

Mean SBP and DBPmeasured at 3� 1-min intervals. The
mean of the last two readings was used in the study.

24Japan, N-RCT,
good

1685 men and women
�20 years allocated
non-randomly either to
intervention group
(1578 participants) or
control group (107
participants).

Living room, bedroom and changing room temps (indoor temp)
and relative humidity measured 1.0m above the floor at 10-min
intervals using branded wireless data loggers for 2 weeks over 4
winter periods (November to March).

Change in HBP (follow-up HBP minus HBP measured at
baseline).

29Japan, CS, good 1480 men and women
(�20 years).

Living room and bedroom temps (indoor temp) and relative
humidity measured 1.0 m above the floor at 10-min intervals
using branded wireless data loggers for 2 weeks (November to
March).

Participants submitted results of a health check-up
conducted within a year of the survey, which included
the doctor's judgement of whether participants had
abnormal ECG waveforms or not.

31England, CS,a fair 7997 older adults
(�50 years) living in
private households,
1301 (16.3%) of whom
lived in cold homes.

Indoor tempmeasured once in the room BPwas taken by survey
nurse using a digital thermometer, which was placed on a
surface away from a radiator and out of direct sunlight.
(Location of measurement and date/time of day not specified).

A series of biomarkers that were measured in the blood
and lung, including BP and lung function.

25Japan, CS, Fair 3514 adults (�20 years)
from 2007 households
intending to conduct
insulation retrofitting.

Living room, bedroom and changing room temps (indoor temp)
and relative humidity measured at 1.0 m above the floor at 10-
min intervals using branded wireless data loggers for 2 weeks
over 4 winter periods (November to March).

HBP measured twice after 1e2 min resting over period
of 2 weeks, at the following times: after getting out of
bed in the morning (after urination, before dosing and
before breakfast) and before getting into bed in the
evening.

36Taiwan, CE, fair 24 men (23e26 years):
12 normotensive and
12 prehypertensive.

Room temps controlled by central air conditioning and recorded
by a heat-sensitive sensor placed on the forehead and extended
into the air. Participants were exposed to two experimental
conditions, with at least 1 day in between each exposure.

Comparison of the MBPS after morning awakening
under the cold and warm conditions between
normotensives and prehypertensives.

34China, PC, Fair 82 outpatients with
COPD aged 40
e85 years.

Bedroom temp and humidity measured using a standard
thermo-hygrometer and recorded in diary by participant three
times a day (8 am, 2 pm, 8 pm) for 18 months.

Self-reported COPD symptoms were evaluated and
categorised by severity from (5) no symptoms to (1)
could not tolerate symptoms and had to go to hospital.

19Japan, PC, fair 297 children
(�15 years) living in
173 households.

Main types of heating appliances recorded. Night-time bedroom
tempmeasured away from any immediate heating appliances at
15-min intervals using a branded data logger for 3 months
(December to February).

Incidence rates of five types of common cold event
(catching a cold, having a fever, use of over-the-counter
medications for a cold, physician's visit for a cold,
absence from school/nursery owing to a cold) and
influenza virus infection.

37USA, CS, poor 33 households for one
winter season
(>18 years) living in
apartments or condos
(mean age 28.5 years).

Indoor temp and relative humidity recorded hourly using 2e4
branded data loggers with at least one in living area and one in
bedroom at a height of approximately 1.5 m, away from
windows and heating devices and out of direct sunlight for 5e6
months.

Symptoms of respiratory viral infection and sleep
quality.

26Japan, PC, good 861 home-dwelling
men and women
(�60 years).

Living room and bedroom temps (indoor temp) measured
60 cm above the floor. Bed temp at the centre of the bed 50 cm
from the headboard. Temps recorded at 10-min intervals using
branded data loggers over 48-h period in winter (October to
April).

Subjective SOL (sleep diary) and objective SOL (using an
actigraph).
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latency.26 A prospective cohort study found increased nocturia
(needing to urinate more than once during the night), an important
cause of sleep disturbance in people in colder homes (13.2 ± 3.0�C)
compared to those in warmer homes (18.6 ± 2.4�C), particularly
among older people (Tables 3 and 4).27 However, a cross-sectional
study of the general adult population found no association between
indoor temperatures, which ranged between ~1�C and ~38�C and
self-reported sleep problems during the winter season.37

Physical performance in older people (n ¼ 2)

Two studies investigated the impact of cold indoor tempera-
tures on the physical performance of older people necessary for
independent living (Tables 3 and 4). One experiment found a sig-
nificant decrease of between 2% and 10% in physical performance in
cold indoor temperatures (15�C comparedwith 25�C), measured by
muscle power of lower limbs, an important risk factor for falls and
fall injuries in older people.35 A small cross-sectional study also
found older people living in cold homes (<18�C) in winter had
poorer handgrip strength compared to those in warm homes
(�18�C).28

General self-rated health (n ¼ 3)

The evidence from studies examining the effects of cold indoor
temperatures on general health was mixed (Tables 3 and 4). Two
studies, one qualitative and the other cross-sectional, found health
was perceived to worsen in cold indoor temperatures (<18�C32 and
<~15�C, respectively).38 In contrast, a large cross-sectional study
found people exposed to higher indoor temperatures (each 1�C

increase; between temperatures of 7.5�C and 36.8�C) were signifi-
cantly more likely to report poorer health.33

Discussion

The findings of this review update, and are consistent with,
those in the 2016 review, which found that cold indoor tempera-
tures were associated with decreased thermal comfort and worse
respiratory and cardiovascular health.3 In the present review, it was
shown that cold indoor temperatures in temperate and colder cli-
mates may adversely affect a wide range of health outcomes,
including cardiovascular (blood pressure, electrocardiogram ab-
normalities, blood platelet count), respiratory (COPD symptoms,
respiratory viral infection), sleep, physical performance and general
health. Most reviewed studies (n ¼ 17/20) found that cold indoor
temperatures were associated with negative effects on health
measures.

Overall, considering the evidence from the 2016 review and the
findings presented here, the evidence on the risk to cardiovascular
health (measured through a range of outcomes) of exposure to cold
indoor conditions was consistent. Blood pressure was the most
frequently studied outcome measure. A decrease in indoor tem-
perature was shown to be associated with an increase in systolic
and diastolic blood pressure20,25,30,31,36 and higher salt intake,22

which is independently associated with higher blood pressure,
even when confounders, such as physical activity and medical
historywere considered. The potential health impacts of such blood
pressure changes require further study, especially as high blood
pressure is the predominant modifiable risk factor for cardiovas-
cular disease, which is currently the leading cause of death

Table 3 (continued )

Ref, country,
design,
QA tool rating

Population Temperature measurement Outcome(s) studied

27Japan, PC, good 1065 home-dwelling
men and women
(�60 years).

Living room and bedroom temp (indoor temp) measured 60 cm
above the floor. Bed temp at the centre of the bed 50 cm from
the headboard. Temps recorded at 10-min intervals using
branded data loggers over 48-h period in winter (October to
April).

Nocturia, defined as �2 nocturnal voids. Nocturnal
urine production rate (mL/h) was also calculated.

35Germany, CE, fair 88 community-
dwelling older women
(�70 years).

Two climate chamber conditions, both assessed in random
order with an interval of 1 week. Clothing was standardised.
Before and between measurements, the participants were
instructed to rest to avoid internal heat production by leg
muscle activity.

Primary outcome: muscle power (force � velocity) of
lower limbs was assessed using the Nottingham power
rig. Secondary outcomes included sit-to-stand
performance velocity, walking performance, maximum
quadriceps strength and handgrip strength.

28Japan, CS, fair 36 home-dwelling
older people (mean age
81 years).

Living room, bedroom and dressing room temps measured at
10-min intervals 1.1 m above the floor using branded data
loggers for approximately 2 weeks (in December).

Physical performance assessed when people began
using rehabilitation facility and repeated every 3
months. Assessed items were grip strength, static
postural and balance control assessed by single-leg
standing time, and balance and gait function.

32England, Q, N/A Six women and one
man (�66 years).

Living room, bedroom and living room radiator temps
measured at 90-min intervals using sensors in 43 participant
homes over winter (November to March 2016e2017; location
of measurement not specified).

Perceived impact of cold on physical health. Other areas
of exploration included whether and how participants
achieve suitable internal temps and how they achieve
comfort in their homes.

33England, CS,a fair 74,736 adults
(�16 years) living in
England

Indoor temp measured once by survey nurse using a digital
thermometer, which was placed on a surface away from a
radiator and out of direct sunlight (location of measurement
and date/time of day not specified).

Self-rated general health was based on responses to the
question, ‘How is your health in general?’, to provide a
binary outcome variable: good health (including very
good and good responses) or poor health (including fair,
bad and very bad).

38South Australia,
CS, fair

71 independently living
older people (aged 61
e98 years) participated
in the homemonitoring
stage of this research.

Main living room air temp, globe temp, relative humidity and air
movement measured at 30-min intervals using a data logger
placed on a table or sideboard 80e100 cm above the floor, away
from any radiation source (e.g. windows), and near where the
participant would normally answer the survey. Main bedroom
air and globe temps and relative humidity measured using data
loggers placed next to the bed, away from any heat source.

Self-rated health and well-being.

BP, blood pressure; COPD, chronic obstructive pulmonary disease; CE, cross-over experimental; CS, cross-sectional; DBP, diastolic blood pressure; ECG, electrocardiogram;
HBP, home blood pressure; MBPS, morning blood pressure surge; N-RCT, non-randomised controlled trial; PC, prospective cohort; PLT, blood platelet count; RCT, randomised
controlled trial; SBP, systolic blood pressure; SOL, sleep onset latency; Temp, temperature; Q, qualitative.

a Secondary analysis using data from the Health Survey for England.
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Table 4
Main findings from included studies.

Ref Purpose Temp threshold Results Limitations

Cardiovascular
20 To estimate the magnitude of

association between indoor
temp and ambulatory BP in
colder months.

Range was 0.3�C (night) to
33.6�C (morning)

A 1�C decrease in indoor temp was
significantly associated with an increase in
daytime SBP (0.22 mm Hg; P ¼ 0.047),
nocturnal % BP fall (0.18%; P¼ 0.014), sleep-
trough MBPS (0.33 mm Hg; P ¼ 0.003) and
pre-waking MBPS (0.31 mm Hg; P ¼ 0.004)
in adjusted multilevel linear regression
models.

Exposure-outcome measured
simultaneously so unable to establish
causality; non-random sampling means
generalisability of study may be limited.

21 To estimate the short-term
effectiveness of instruction in
home heating on indoor temp
and ambulatory BP among
elderly people.

Timing intervention with
instructions for the heating
device to start 1 h before
estimated rising time with
thermostat set at 24�C.

Indoor temp in the intervention group
significantly increased by 2.1�C (14.1�C to
16.2�C) 4 h after rising from bed vs. controls.
After adjusting for confounding variables,
the increase in temp significantly reduced
BP: SBP by �4.43 mm Hg (95%
CI �7.88, �0.97) and DBP by �2.33 mm Hg
(95% CI �4.58, �0.08).

Assessed short-term effect only; people
without heating controller were excluded;
consumption of energy (such as electricity
or gas) not considered; participants did not
achieve the target temp of 24�C so unable to
determine the effects of higher indoor
temps on BP.

22 To quantify the association
between daytime cold exposure
in winter and salt intake.

Coldest (10.1 ± 2.3�C) and
warmest (19.3 ± 1.8�C) homes.

A comparison of the two groups, adjusting
for outdoor temp, showed the nocturnal
urinary sodium excretion rate in the coldest
homes was 14.2% higher than in the
warmest (7.62 vs 6.54 mmol/h
respectively). Higher salt intake was also
linked to higher night-time ambulatory BP.

Non-random sample; exposure-outcome
measured simultaneously, so unable to
establish causality; nocturnal urine
collection inferior to 24-h collection; lack of
information about nutrition, including
intake of total energy.

23 To investigate the association
between indoor cold exposure
and PLT among older people.

Cold (<14.4�C), intermediate
(14.4e17.9�C) and warm
(>17.9�C).

In the fully adjusted model, PLT count in the
cold group was significantly higher
compared to intermediate (4.2% lower) and
the warm (5.2% lower) groups.

Cannot determine causal directionality
from cross-sectional analysis; did not
quantify the amount of clothing worn; non-
random sampling limits generalisability.

30 To test two hypotheses: (1) a
decrease in indoor temp is
associated with an increase in
BP, independent of other
interfering factors; and (2) the
indoor temp-BP relationship is
moderated by factors, such as
mean monthly outdoor temp.

<18�C, �18 to <21�C, �21 to
<24�C and �24�C.

After controlling for confounding variables,
a 1�C decrease in indoor temp was
significantly associated with an increase in
BP; 0.48 mm Hg (95% CI �0.72, �0.25) in
SBP and 0.45 mm Hg (95% CI �0.63, �0.27)
in DBP.

Cross-sectional design and simultaneous
measurement of exposure and outcome
meant unable to establish causality; single
temp measurement; time of measurement
not specified.

24 To quantify the changes in HBP
due to insulation retrofitting
intervention.

Thermal insulation intervention
of participants' homes,
including heat-insulation work
(on the outer walls, floor and/or
roof) and replacement of
windows and frames.

Morning indoor temp rose by 1.4�C (14.5�C
e15.9�C) after insulation retrofitting,
despite a 0.2�C decrease in outdoor temp.
The intervention significantly reduced
morning home SBP by 3.1 mm Hg (95% CI
1.5e4.6) and morning home DBP by 2.1 mm
Hg (95% CI 1.1e3.2).

Non-random sample of households that had
intention of carrying out insulation
retrofitting; differences between
intervention and control group at baseline;
study could not control the use of heating,
accordingly, the frequency of heating may
have decreased due to insulation
retrofitting.

29 To determine the association
between the indoor temp at
home and ECG abnormalities.

Cold (<12�C), slightly cold
(12�Ce18�C) and warm
(�18�C) houses.

Compared to the warm group, the odds
ratio of ECG abnormalities in the slightly
cold group was 1.79 (95% CI 1.14, 2.81), and
in the cold group, it was 2.18 (95% CI 1.27,
3.75).

Potential for selection bias due to health
check-up items being omitted at doctor's
discretion; unable to test association with
specific ECG abnormalities e.g. arrhythmia;
standard ECG provides less information
than ambulatory ECG.

31 To examine the associations
between a cold home (<18�C)
and a series of biomarkers
measured in the blood and
lung.

The analysis compared cold
(<18�C) and warm (�18�C)
homes.

SBP and DBP were significantly higher for
people living in cold homes compared with
people living in warmer homes: SBP was
136.8 vs 133.7 mm Hg, respectively
(P < 0.001), and DBP was 76.8 vs 74.2 mm
Hg, respectively (P < 0.001). People in cold
homes also had worse handgrip, lower
vitamin D levels, higher cholesterol levels,
lower white blood cell count, and worse
lung conditions.

Cross-sectional design and simultaneous
measurement of exposure and outcome
meant unable to establish causality; single
temp measurement; time of measurement
not specified; unadjusted bivariate analysis.

25 To quantify the relationship
between HBP and indoor temp.

Mean morning temp was
14.5�C (range 3.3�Ce25.2�C),
and mean evening temp was
17.8�C (range 4.3�Ce27.5�C).

Morning SBP showed significantly higher
sensitivity to changes in indoor temp
compared with evening SBP (8.2 mm Hg
increase/10�C decrease vs 6.5 mm Hg
increase/10�C decrease), particularly for
older residents and women.

Cannot determine causal directionality
from cross-sectional analysis; non-random
sample of households that had intention of
carrying out insulation retrofitting; no daily
survey of clothing.

36 To evaluate the effects of cold
exposure during sleep
transitions on autonomic
functioning and MBPS among
young prehypertensives.

24.40 ± 0.78�C (warm
condition) or 16.67 ± 0.45�C
(cold condition)

Significantly higher MBPS in the period of
awakening after sleeping in cold conditions
for both prehypertensives and
normotensive, but higher trends observed
for prehypertensives.

Small, young, male-only sample limits
generalisability.

Respiratory
34 To examine the relationship

between indoor/outdoor temp
Average indoor temp ranged
between 12.5 ± 2.9�C and

Indoor tempwas negatively associated with
severe symptoms of COPD (OR 0.95, 95% CI

Exposure-outcome measured
simultaneously, so unable to establish
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Table 4 (continued )

Ref Purpose Temp threshold Results Limitations

and humidity on daily self-
reported COPD symptoms.

27.1 ± 2.5�C, and humidity from
50.2 ± 11.2% to 72 ± 13.2%, over
study period.

0.94, 0.96). The threshold for moving from
less to more severe symptoms was 18.2�C.
Risk from low indoor temp for COPD
patients increased as humidity increased.

causality; indoor temps were recorded by
participants and could not be validated; 81%
of variations in symptoms were due to
baseline health status (influence of
environment <19%).

19 To evaluate the relationship
between the type of bedroom
heater and bedroom temp
factors and incidence of
common cold among children.

Average time spent <16�C,
divided into three groups:
<30 min/day (least cold);
�30 min/day and <180min/
day; and �180min/day
(coldest).

Air conditioners were most prevalent
(n ¼ 105, 35%), followed by gas or kerosene
heaters (n ¼ 50, 17%), and floor heaters
(n ¼ 31, 10%). Air conditioners were
associated with higher incidence of all
events related to the common cold,
especially having a fever (aIRR 1.84, 95% CI
1.41, 2.40). No statistically significant
differences in the incidence of common cold
in the coldest and least cold night-time
temp groups. Children who always felt cold
showed a higher incidence of use of over-
the-counter medications and physician
visits owing to a cold.

Exposure-outcome measured
simultaneously, so unable to establish
causality; model estimates unadjusted for
important confounders, including housing
characteristics (e.g. insulation) and socio-
economic position; cold symptoms
reported by parents could be biased;
relatively low response rate (60.7%).

Sleep
37 To explore the relationship

between indoor temp and
humidity, perceptions of the
indoor environment and self-
reported health symptoms.

Temp and humidity
perceptions self-reported
approximately every 3 weeks.
Indoor temp ranged from ~1�C
to ~38�C in winter.

No significant association was observed
between measured (or perceived) indoor
temp or humidity levels in winter and sleep
quality or possible or probable viral
infection.

Exposure-outcome measured
simultaneously, so unable to establish
causality; small convenience sample;
assumption that perceptions reported
‘today’ referred to the previous day's temp.

26 To quantify the association
between indoor temp in the
evening and sleep onset latency
(SOL) during the colder seasons
in an elderly population.

Mean indoor temp measured in
the morning (2 h after getting
out of bed), evening (2 h before
bedtime) and initial night-time
(2 h after bedtime).

A significant inverse association was
observed between indoor temp and both
subjective and objective measures of SOL.
An increase in evening temp from 10�C to
25�C was associated with an estimated
decrease in objective SOL from 16.7 min to
12.4 min.

Non-random sampling limits the
generalisability of study findings; cannot
determine causal directionality from cross-
sectional analysis; short study duration (2
nights); short time between exposure (2 h
before bedtime) and outcome.

27 To investigate the association
between indoor cold exposure
and the prevalence of nocturia
in an elderly population.

Participants were grouped into
warmer (18.6 ± 2.4�C) or colder
(13.2 ± 3.0�C) house groups
using mean indoor temp
measured.

A 1�C decrease in indoor daytime temp was
significantly associated with increased
likelihood of nocturia, independent of
potential confounders and after adjustment
for nocturnal urine production rate (OR
1.10, 95% CI 1.04e1.15). Therefore, a 3�C
increase in indoor temp from 15.7�C (mean
temp among participants with nocturia) to
18.7�C may be associated with a 25%
reduction in the prevalence of nocturia.

Non-random sampling limits the
generalisability of study findings; cannot
determine causal directionality from cross-
sectional analysis; voiding frequency only
measured over 1 night.

Physical performance
35 To test the hypothesis that

there would be a deterioration
in the physical performance of
older women during exposure
to an indoor cold environment.

Participants were exposed to
moderately cold (15�C) and
normal/warm (25�C) temp in a
climate chamber 45 min before
assessment.

There was a statistically significant decrease
in physical performance in 15�C room
compared with 25�C room, which ranged
between 2% and 10%, with only handgrip
strength being unaffected by the cold temp.

Non-random sampling of older women
limits the external validity of findings.

28 To investigate the effect of
seasonal temp differences and
cold indoor environments in
winter on the physical
performance of older people
living in the community.

28 participants were classified
into the cold group (<18�C) and
eight into the warm group
(�18�C).

The results from grip strength and single-
leg standing tests showed physical
performance was worse in the winter
compared to the autumn, and people living
in cold houses had worse grip strength in
the right hand.

Small, convenience sample prevents
findings from being generalised; outcome
assessed in rehabilitation facility and not in
participants' homes.

General health
32 To investigate the strategies

older people used to stay warm
in winter; how these were
influenced by attitudes,
opinions, and everyday
practices; and what prevented
the participants from achieving
comfort.

7 participants were recruited
from 11 homes with median
temp <18�C (March 2018).

Most participants felt the cold more than
when they were younger. Participants
reported a range of chronic health
problems, including osteoarthritis and
asthma, which appeared to worsen in the
cold. Conducting exercise or movement to
stay warm was not particularly common.

Small, convenience sample; no objective
indicators of health status; qualitative
nature means causality cannot be inferred.

33 To investigate the relationship
between indoor temp and
general health.

Indoor temp ranged from 7.5�C
to 36.8�C, with amean of 20.7�C
(standard deviation 2.3).

Each 1�C increase in indoor temp was
associated with a 1.7% higher likelihood of
poor self-rated health (95% CI 0.7%e2.6%)
after adjusting for potential confounders.

Simultaneous measurement of exposure
and outcome means no evidence on causal
relationship; single temp measurement;
time of measurement not specified.

38 To determine links between the
indoor thermal environment of
housing and self-reported
health and well-being in older
people.

Average indoor temp ranged
from 11�C to 32.7�C over 9-
month study period (January to
October).

Approximately two-thirds of participants
reported ‘definitely yes’ or ‘probably yes’ to
a negative influence of temp on health and
well-being at room temps below about
15�C.

Small, non-random sample limits
generalisability of findings; self-reported
health effects.

BP, blood pressure; CI, confidence interval; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; ECG, electrocardiogram; HBP, home blood pressure;
MBPS, morning blood pressure surge; OR, odds ratio; PLT, blood platelet count; SBP, systolic blood pressure; SOL, sleep onset latency; Temp, temperature.
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globally.39e41 Higher blood pressure sensitivity to cold indoor
temperatures in older adults and women could be due to less
muscle mass and subsequently less metabolic heat production.25

Older adults are particularly susceptible to developing cardiovas-
cular disease42 and are less likely to feel the cold andmay not adapt
their behaviour accordingly, such as adding layers of clothes.25 Two
studies, rated here as good quality, suggested that interventions
that increase indoor temperatures can lower blood pressure,21,24

although the duration of these effects is unknown. These findings
are consistent with a study that found lower blood pressure among
a homogenous population living in blocks of flats following energy
efficiency housing improvements.43 This review also identified the
impacts of cold indoor temperatures on non-blood pressure risk
factors and biomarkers of cardiovascular disease, including
increased electrocardiogram abnormalities29 and higher blood
platelet count,23 both shown to increase the risk of cardiovascular
disease in other population-based cohort studies.44e47

Findings reported in the reviewed studies suggest that night-
time bedroom temperatures <18�C (10�C and 13.2 ± 3.0�C,
respectively) can increase sleep problems,26 as well as the inci-
dence of conditions such as nocturia-associated sleep disturbance
in older adults.27 Sleep is a well-known determinant of health,
well-being and quality of life, and insufficient or poor quality sleep
has been linked to type 2 diabetes, cardiovascular disease, obesity,
and depression.48e50 The prevalence of sleep-disturbing problems
such as nocturia increase with age and may reflect comorbid
physical and mental health conditions,51 an area that needs further
exploration in the context of cold indoor temperatures.

The findings in the current review indicate that physical per-
formance, a known determinant of quality of life particularly for
older people,52 can decrease following exposure to cold indoor
temperatures.28,35 Prolonged exposure to cold temperatures may
decrease grip strength, which for older frail people can increase the
risk of future cognitive deterioration, disability, hospitalisation and
all-cause mortality.53,54 However, both studies identified in this
review measured physical performance outside of the home (in a
laboratory and rehabilitation centre). Future studies should there-
fore measure these effects within the home to accurately reflect
personal exposure to cold indoor temperatures.

Evidence on the effects of cold indoor temperatures on respi-
ratory and general self-rated health outcomes was mixed. Adults
with COPD reported worsening symptoms when exposed to colder
indoor temperatures �18.2�C.34 This is consistent with evidence
from a previous review, which identified better respiratory symp-
tom scores among older adults (aged �65 years) with COPD who
spent more days with living room temperatures�21�C (þ9 hours).3

For healthy adult and child populations, studies found no signifi-
cant relationship between cold indoor temperatures and symptoms
of viral infection.19,37 This evidence was rated as fair and poor,
respectively, suggesting the merit of further research in this area.
Two studies connected cold indoor temperatures with the
perception of deteriorating health.32,38 In contrast, another study
observed a small but significant association between each 1�C in-
crease in indoor temperature (between temperatures of 7.5�C and
36.8�C) and poor self-rated health.33 However, people with worse
self-rated health may maintain higher indoor temperatures for
personal preference or following advice from professionals. Dif-
ference in tenure type (such as social housing compared to pri-
vately rented) may also impact temperatures achieved.33

Several gaps in the evidence have been identified from this re-
view. A predominant focus of many studies has been on the impacts
of cold indoor temperatures in older adult populations due to their
increased vulnerability to cold temperatures and because certain
cold-related conditions (e.g. nocturia) are more apparent in this
population. Nevertheless, no evidence was identified on the

relationship between cold indoor temperatures and frailty (e.g.
Alzheimer's, falls, hospital admissions, time spent in recovery), the
duration of exposure that leads to illness, or the long-term health
andwell-being effects of exposure to low indoor temperatures. More
research is needed to understand the impact of cold indoor tem-
peratures on peoplewith different chronic health conditions due to a
limited number of studies in this area.55e57 Further research should
also investigate the impact of cold indoor temperature among chil-
dren,19,58 particularly respiratory disease, which accounts formost of
the excess winter health burden in children.14

To date, no studies have explored the mental health and well-
being impacts of objectively measured cold indoor temperatures
in the home. Previous research using a subjective measure has
shown that a lack of thermal comfort at home increases the like-
lihood of severe mental distress59 and that energy efficiency im-
provements have a positive effect on psychological, social, and
financial well-being.60e62 This review also identified no studies
using objectively measured temperature to explore health out-
comes in terms of wider contextual factors such as fuel poverty or
poor quality housing (e.g. dwellings in the United Kingdom that
contain a Category 1 Hazard under the Housing Health and Safety
Rating System),63 which may exacerbate the effects of cold indoor
temperature on health and well-being. Nevertheless, a longitudinal
study using a subjective measure of energy poverty investigated
the effect on mental health, cardiovascular disease and respiratory
health.64 This study found that when people could not afford to
heat their homes (i.e. energy poverty), their mental health wors-
ened, and the odds of reporting depression/anxiety or hypertension
increased.64 Furthermore, the interrelationship between indoor
temperature, humidity (possibly leading to condensation and
associated mould) and air quality (including ventilation)6 may alter
the impact of cold indoor temperatures on health.

More than half of the studies included in this review found cold
indoor temperatures <18�C e the minimum recommended home
temperature threshold3,14 e were associated with negative effects
on health.19,22,23,26e29,31,34e36,38 In addition, some studies linked
better health outcomes with indoor temperatures >23�C when
compared to temperatures <18�C.26,35,36 Only one study found that
increased indoor temperature was linked to the likelihood of a poor
outcome (poor self-rated health).33 A single randomised controlled
trial found that instructions for older adults to heat their living
room to 24�C 1 h before rising out of bed increased average tem-
peratures by 2.1�C (14.1�Ce16.2�C) and significantly reduced blood
pressure 4 hours after rising.21 Such findings suggest that setting
indoor temperature threshold guidance may help to improve
health in target populations. Alternative interventions that improve
indoor temperatures, such as insulation retrofitting of homes, have
shown similar improvements to morning blood pressure,24 which
may be worthy of future research. Further understanding of energy
prices is warranted to explore any associations with temperatures
in home settings and health and well-being outcomes and to assist
in the identification of vulnerable populations.

Public health advice on minimum home temperatures may help
to mitigate serious health risks associated with cold indoor tem-
peratures, especially in vulnerable populations, such as older
adults. Generally, indoor temperatures of <18�C are associated with
negative health effects. However, the evidence summarised in this
review is not sufficient or strong enough to draw firm conclusions
on the specific temperature thresholds at which health effects
begin for different population groups.

Limitations

There are several limitations to this review, which should be
considered when interpreting the findings. Due to time constraints,
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searches were limited to seven databases. However, a good variety of
databases were used, the search adopted a systematic approach, and
the inclusion criteria were widened compared to the 2016 review to
include social outcomes, studies using secondary data and inter-
vention studies. Two reviewers independently decided on study
inclusion with conflict resolution, minimising the risk of bias and
error. The reviewwas limited to studies conducted in temperate and
colder climates due to the increased risk of morbidity and mortality
during winter,65 so wider evidence from other countries has been
excluded. Restricting the studies to English language only may have
also led to the exclusion of relevant studies. All included studies were
required to record temperatures using an objectivemeasure, limiting
the bias of perceived temperatures. Thus, studies that did not record
objective temperature measurements were excluded, which may
have led to the exclusion of studies exploring relevant outcomes, for
example, the longitudinal study on energy poverty and health out-
comes described earlier.64 Limitations across included studies are
presented in Table 4.

Conclusion

The findings from this review identify that cold indoor tem-
peratures can negatively impact a wide range of health measures,
including those related to cardiovascular and respiratory health,
sleep, physical performance and general health. This evidence is
consistent with, and builds on, findings in the 2016 systematic
literature review on the topic.3 Some health risks gradually
increased as temperatures decreased <18�C but varied according to
chronic health condition and age. Nevertheless, limitations within
studies and study heterogeneity make it difficult to establish if
temperatures slightly below or above 18�C may also be safe for
health. Further research into the specific temperature thresholds
for overall health and well-being in a range of populations is
needed to inform future temperature recommendations.
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Letter to the Editor

Community-based sharing of vaccine adverse event information for
public trust: a case of Soma city in Fukushima, Japan

A lesson learned from the COVID-19 pandemic is the importance
of having a robust public health infrastructure that can facilitate
swift and effective responses to future pandemics.1 Vaccine hesi-
tancy and antivaccine activism, however, persist as major obstacles
to attaining comprehensive vaccine coverage across populations.2

Public trust in the government is crucial in determining vaccine up-
take.3 The 2011 Fukushima disaster in Japan resulted in the worst
consequence: a nuclear powerplant accident from a catastrophic
9.0 magnitude earthquake and subsequent tsunami. Despite this,
the local government and the community successfully established
disaster relief efforts. This letter highlights the efforts in promoting
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
vaccinations in Soma (Fukushima, Japan), a city near the epicenter
of the 2011 East Japan Earthquake and the subsequent nuclear po-
wer plant disaster, while concurrently sharing adverse event (AE)
information with the community.

The city initiated the mass SARS-CoV-2 vaccination in May
2021 (Supplemental Figure S1). The community-based mass vacci-
nation was implemented, applying the experience of disaster relief
efforts (Supplemental Methods and Supplemental Figure S2). The
city surveyed AEs after vaccination in the residents and kept
them informed of their findings on the Web site. The severity of
AEs was reported as either ‘mild’ (AEs not interfering with daily
life and work) or ‘moderate to severe’ (AEs causing disruptions to
daily life and work) to simplify the response process for
participants.

The vaccine coverage of the initial two doses and the third and
fourth doses for the population aged �65 years were 94.2%, 92.0%,
and 84.4%, respectively, as of September 25, 2022. A recent safety
report, including city officers and healthcare professionals, sup-
ports feasible safety profiles of booster administration
(Supplemental Table S1 and Fig. 1). No elevation in the proportions
of individuals with AEs was seen after the third and fourth doses of
booster administration. Similar safety profiles were observed be-
tween two different messenger RNA vaccines for the first and the
second booster (Supplemental Figure S3). Safety profiles in the
adolescent population were also shared with Soma citizens
(Supplemental Figure S4 and Supplemental Table S2). The limita-
tion, however, includes a small cohort, whichmight not capture un-
common AEs, potential overestimation of AEs because of a
recipient-oriented survey, lack of standardization in assessing AE
severity, and no inclusion of older people who retired from the
city office or medical institutions.

Fig. 1. Results of the safety survey for the SARS-CoV-2 vaccination.
The results of the questionnaire survey on AEs after the SARS-CoV-2 vaccination are
shown. The percentages of AEs are shown by dose (n ¼ 488, 474, 459, and 375 for first,
second, first booster, and second booster administrations, respectively) and by severity.
The severity was answered by ‘mild’ (AEs without interference with daily life and
work) or ‘moderate to severe’ (AEs causing interference with daily life and work).
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Vaccination is a priority issue for disaster relief efforts, as Tür-
kiye's physician's correspondence in the recent Lancet.4 Publicizing
vaccine safety information might potentially hinder the efforts to
promote vaccination due to causing the fear of AEs in the citizen.
Despite this concern, Soma city conducted a safety survey among
residents and achieved high vaccine coverage. A randomized study
in the United States was reported to investigate whether the disclo-
sure of AE information enhanced the trust in the Centers for Disease
Control and Prevention and improved perceptions of vaccine bene-
fits.5 The study found that the highest levels of trust and vaccine
acceptancewere observed in the group provided with both the vac-
cine information statement and the AE summary. The study also
indicated that the exposure to individual reports on the serious
AEs, such as cases of deaths or permanent disabilities, could poten-
tially diminish both trust and acceptance. Thus, providing trans-
parent and balanced vaccine information is crucial in fostering
public trust in immunization programs. In the case of Soma, the
health officials shared the descriptive statistics as shown in Figure,
not individual AEs, which might also help preventing vaccine hes-
itancy in the community. Sharing the safety issues on a community
level would support the comprehensive and efficient rollout of vac-
cinations in the future pandemic.
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a b s t r a c t

Objectives: The aim of this study was to describe the epidemiology of COVID-19 cases at universities in
England (October 2020eFebruary 2022) and investigate factors associated with rates of COVID-19 among
students during autumn/winter of 2021/22.
Study design: The study was an observational retrospective study using routine contact tracing data.
Methods: Estimates of COVID-19 cases among students and staff at universities were described. Student
cases aged 18e24 years were calculated as a percentage of all cases within that age group. Count
regression was used to explore university characteristics associated with case numbers.
Results: We identified 102,382 cases among students and 28,639 among staff. Student cases reflected
trends in the wider population of the same age group, but the observed fraction aged 18e24 years who
were students was consistently below the expected level (32%). Phased reopening of universities in
MarcheMay 2021 was associated with small peaks but low absolute numbers. Russell group member-
ship, campus universities, and higher student proportions in halls of residence were all associated with
increased case numbers.
Conclusions: COVID-19 case numbers among students in England varied considerably. At no time were
the observed case numbers as high as expected from community prevalence. Characteristics of univer-
sities associated with higher case rates can inform future guidance for higher education settings.
Crown Copyright © 2023 Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is

an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

During the COVID-19 pandemic in the United Kingdom (UK),
universities and higher education settings were recognised as set-
tings which could support sustained transmission. Early
mathematical-modelling studies concluded that without in-
terventions, there was a risk of very high case numbers.1,2 Later
models estimated that even with full adherence to isolation rules,
prevalence could reach 22% (approximately 500,000 students) in
Autumn 2021.1 Student adherence is a key parameter for predictive
modelling, with estimated prevalence varying from 4% to 21%
depending on the strength of social distancing and mask wearing.3

While analysis suggested that densely populated halls of residence

may be associated with high rates of transmission,4 media interest
was also focussed on cross-country migration5 and social gather-
ings.6 Policy and guidelines on COVID-19 prevention in higher ed-
ucation settings in the UK were supplemented by university-led
interventions.

Following the start of the autumn 2020 term (approximately
SeptembereDecember), student case rates in English university
towns doubled and were largely driven by residential outbreaks in
student accommodation.7 This was despite campuses reopening
with safety measures in September 2020 following the end of first
national lockdown in England.8 Phylogenetic studies at the Uni-
versities of Cambridge9 and Glasgow10 showed evidence of trans-
mission through student accommodation in autumn 2020, with
rates declining following the introduction of household isolation
and the offer of individual screening. Minimal evidence of crossover
between students and staff, or students and the wider community
was found, in contrast to a previous finding of spillover from stu-
dents to the wider population of 18e23-year-olds in England.7

Further prevention measures at universities included closures be-
tween 3 December 2020 and 8March 202111,12 (coinciding with the
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third national lockdown 5 Januarye8 March 2021), followed by a
phased reopening in spring 2021, following the third national
lockdown.12

Interventions and safety measures to reduce transmission of
COVID-19 at universities were not without cost; studies have
shown post-traumatic stress disorder,13 general anxiety disorder,14

and clinical depression15e17 to all be associated with these re-
strictions. Longitudinal studies show that students also experi-
enced worse sleep quality,18 insomnia symptoms,19 lower physical
activity,20 and smartphone addiction15 during lockdowns. There
were also challenges for universities not only in implementing
safety measures but also in maintaining academic standards21 and
dealing with the reduced income from fewer international
students.22

There have been no studies to report cases of COVID-19 asso-
ciated with universities in England on a national scale and to
consider how case numbers varied between different institutions.
Universities are varied in the range of courses offered, physical
layout (such as whether they are a campus-focused university),
accommodation settings used by students and the make-up of the
student body (such as number of postgraduate and international
students). These factors may have modified the risk of COVID-19
transmission during the course of the pandemic, and understand-
ing the nature of this variation can help inform future guidance and
policy to prevent respiratory virus infection at these settings.

Using routinely collected contact tracing data in England, this
study first describes cases of COVID-19 among students and staff at
higher education settings during 18 months of the first two years of
the pandemic (October 2020eFebruary 2022). Secondly, we used
available data on university makeup and characteristics to inves-
tigate factors associated with rates of COVID-19 among students at
universities during autumn/winter of 2021/22.

Methods

Data sources

Contact tracing data
Contact tracing data were obtained from the routine, national

contact tracing system in England (NHS Test and Trace), where
cases were defined as people testing positive for SARS-CoV-2 by
PCR and referred for contact tracing.

As part of contact tracing, individuals were asked to list activ-
ities undertaken in the 7 days prior to onset of symptoms (or
positive test for asymptomatic cases), including location category,
date of attendance, address, and postcode. Cases were included if
they completed contact tracing between 23 October 2020 (start of
collection of detailed setting data, including education) and 23
February 2022 (end of routine contact tracing). Individuals who
were referred to contact tracing onmultiple occasions (as a result of
re-infection) were recorded as multiple cases within the dataset.

Population and university data
The Office for National Statistics (ONS) mid-2020 dataset was

used to obtain population estimates for the number of 18e24-year-
olds in England (available from: https://www.ons.gov.uk). Numbers
of registered students for the 2020/21 academic year (all enrol-
ments), student breakdown (numbers of undergraduate students,
numbers of international students), domicile location of students
(unitary local authority of permanent home address prior to uni-
versity entry), numbers of students in halls of residence (provider-
and privately-owned), and courses offered (medicine and dentistry,
creative arts, engineering and technology) were obtained from the
Higher Education Statistics Agency (HESA; available from: https://
www.hesa.ac.uk/data-and-analysis/students). Publicly available

sources were used for a list of campus-based universities23 and
Russell group members (24 leading UK universities with a focus on
research and reputation for high academic achievement).24

Definition of university-associated cases

Cases were defined as university students if they reported an
activity of "attending childcare, school, educational setting" and
selected "university" for the setting of this activity. Cases were
defined as university staff if they reported an activity of "teaching
and education" and setting of "university" andwere aged�18 years.
Where individuals reported multiple activities at a university dur-
ing a contact tracing episode, the first activity was used for analysis.
As vaccination strategies and other policy interventions will have
impacted case rates for different age groups over time, analysis of
student cases was restricted to those aged 18e24 years-old.

Matching cases to specific universities

A list of universities was produced by combining and de-
duplicating the Office for Students register25 and a list of higher
education providers supplied by the Department for Education.
Universities were excluded from the analysis if theywere outside of
England, had multiple study sites across different towns or cities,
did not award degrees, were no longer offering courses in April
2022, did not have their own classrooms (such as satellite institutes
whose degrees were awarded by other institutions or utilised fa-
cilities of another institution), were predominantly distance-
learning based, or did not offer undergraduate courses.

Student and staff cases were matched to a specific university
using the location name, address, and postcode of the setting
provided during contact tracing. A set of keywords was generated
for each university in an iterative process to maximise matching
accuracy. Matching was undertaken using the "fuzzyjoin" package
in R to allow for variations and typographic errors in how the
names of specific institutions had been recorded. Matching accu-
racy was tested by manually checking five sets of 1000 randomly
sampled cases.

Data analysis

All data manipulation and analysis were undertaken using R
version 4.0.3.26

Descriptive epidemiology
Cases were aggregated by week of the first reported university

activity between October 2020 and February 2022. Case numbers
were described over time and as a percentage of the total number
of cases reported to the contact tracing system (18e24 years for
student cases, �18 years for staff cases).

Associations between case numbers and university characteristics
A negative binomial count regression model was used to esti-

mate associations between characteristics of higher education
settings and the number of COVID-19 cases between 27 September
2021e23 February 2022.Wemade use of publicly available data on
university characteristics which could plausibly be associated with
transmission. Geographical location and catchment area were
included, given the regional variation in prevalence. Presence of a
campus and the proportion of students in halls were included as
both may have led to denser contact networks and increased
mixing. The proportion of students who were undergraduates was
included as behaviour and mixing may have feasibly differed from
that of postgraduates. The proportion of students who were inter-
national students was included as higher numbers may have
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reflected an increased probability of virus introductions due to
overseas travel. We included available data on types of courses
offered as these may have been associated with different contact
rates among students due to the nature of teaching. These were
selected not to provide a comprehensive assessment but as an
exploratory component for a potential signal for variance linked to
the different courses offered. Membership of the Russell Group of
universities was included as a way to group universities which
adopted different approaches to control of COVID-19 through
increased testing and screening.27

During the time period analysed, university campuses
remained open (covering the start of the autumn term for the ac-
ademic year 2021/22 until the end of routine contact tracing). The
natural logarithm of the number of registered students (2020/21
academic year, the most recent data available) was used as an
offset.

University characteristics were modelled as potential explana-
tory variables: undergraduate students (percentage of the total
number of registered students), international students (percentage
of the total number of registered students), the unitary authority
catchment (number of unitary authorities from which registered
students were drawn, mean-centred), percentage of registered
students in halls of residence, and course types offered (medicine
and dentistry, creative arts, engineering and technology). The re-
gion of the university, Russell group membership, and whether the
university was campus-based were also included. Crude associa-
tions were estimated using only the variable of interest in the
model (with the offset). Associations were described as incidence
rate ratios (IRRs).

A negative binomial regression model including all co-variates
was used as the starting point for analysis. Improvement of fit to a
Poisson model with the same covariables was assessed using a

Fig. 1. COVID-19 cases who (a) reported attending university (aged 18e24 years) and (b) reported working at university (aged �18 years), October 2020eFebruary 2022, England.
Black bars show case numbers aggregated by week of the first reported higher education activity. Grey line indicates case numbers as a percentage of all reported cases for the
relevant age group.
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likelihood ratio test. The influence of numbers of zero counts was
assessed using a zero-truncated negative binomial regressionmodel
(using VGAMpackage in R) with an identical specification compared
to the negative binomial model using Akaike Information Criterion
(AIC; difference of �2.5 considered no improvement in fit).28 Line-
arity was assessed for continuous variables by modelling variables
as quartiles and visually examining estimates across levels.

Plots of standardised deviance residuals against predicted mean
and observed values were used to check for outlying residuals. The
impact of observations with residuals of values >±2was considered
by removal of those observations from the model and the change in
the IRR and significance noted. Influential observations with a
Cook's D distance �4/n (where n is the number of observations
included in the model) were similarly assessed through removal
from the final model.

Results

COVID-19 cases associated with higher education settings

Of the individuals who completed contact tracing during the
study period,102,382were defined as university students and 28,639
as university staff. Student cases weremore often female (n¼ 64,927,
63.4%) with a median age of 21 years (interquartile range
[IQR]¼ 19e35). Staff cases were older (median age: 37, IQR¼ 26e47)
and were slightly more often female than male (15,378; 53.7%).

Trends in COVID-19 cases

Generally, trends in university student cases (aged 18e24 years)
and staff reflected a similar pattern in case numbers in the wider
population of that age group (Fig. 1). Notable peaks in cases among
students occurred during October 2020, June 2021, and December
2021. Using the 2020 population of 18e24-year olds in England
(4,709,000) and the number of registered students aged �24 years
(1,517,000), given the equal prevalence to the wider population, it
was expected that 32% of COVID-19 cases in that age group should
be university students. The observed fraction of cases in this age
group remained well below this expected level (Fig. 1). The per-
centage of all cases aged 18e24 years whowere university students
reached �20% during peaks in COVID-19 transmission during the

winter of 2021/22. Prior to these peaks, the fraction of 18e24-year-
old cases who reported university attendance was very low (<1%)
when universities were closed. The phased university reopening in
March and May 2021 was accompanied by small peaks in the
proportion of cases at universities, but absolute numbers remained
extremely low at that time. Cases among staff, and the proportion
relative to all cases, were considerably less than those for students,
although they exhibited very similar patterns over time.

COVID-19 cases associated with specific universities

Of the 173 universities included in the initial list of institutions,
34 were excluded (outside of England, n ¼ 22; widely-distributed
study sites, distance-learning based, or satellite institutions, n ¼ 8;
did not award degrees, n ¼ 4). Eighty-eight percent (n ¼ 89,971) of
student cases and 88% (n ¼ 25,200) of staff cases could be matched
to one of the remaining 139 universities. Of those not matched to a
university included in the analysis, 2341 student cases (19% of un-
matched cases) and 452 staff cases (13% of unmatched cases) were
linked to one of the excluded institutions. The remaining unlinked
cases could not be matched due to incomplete details for the setting
(students: n ¼ 10,070, 10% of all student cases; staff: n ¼ 2,987, 10%
of all staff cases). The matching process was tested by manually
checking five sets of 1000 randomly sampled cases andwas accurate
in 98% of cases. The median number of cases associated with each
university during the time period used for modelling (September
2021eFebruary 2022) was 354 (IQR ¼ 125e690).

Characteristics of universities associated with COVID-19 case rates

The final multivariable model included 125 higher education
institutions (5 excluded as did not offer undergraduate courses; 9
excluded as HESA data were not available) (Table 1). There were 5
variables significantly associated with numbers of COVID-19 cases
(Table 2). Russell group membership, campus universities, and
higher proportion of students in halls of residence were all asso-
ciated with increased case numbers. Increasing unitary authority
catchment and offering creative arts classes were associated with
reduced case numbers.

The full negative binomial model showed significant improve-
ment of fit compared to a Poisson model (c2 ¼ 1554.332, P < 0.001)

Table 1
University characteristics of institutions (n ¼ 125) used in multivariable model.

Characteristic Variable n (%) Median (IQR)

Region of institution East Midlands 9 (7.2) e

East of England 9 (7.2) e

London 34 (27.2) e

North East 5 (4.0) e

North West 13 (10.4) e

South East 20 (16.0) e

South West 12 (8.8) e

West Midlands 12 (9.6) e

Yorkshire and Humber 12 (9.6) e

Russell group membership Yes 20 (16.0) e

No 105 (84.0) e

Campus university Yes 44 (35.2) e

No 81 (64.8) e

Student make-up Registered students (n) e 17,470 (6045e22,155)
Undergraduate students (%) e 75.5 (68.1e80.3)
International students e 16.8 (8.1e29.2)
UA catchment e 82 (74e86)

Students resident in hallsa (%) e e 18.2 (10.2e28.8)
Courses offered Medicine and dentistry 55 (44.0) e

Creative arts 113 (90.4) e

Engineering and technology 92 (73.6) e

IQR ¼ interquartile range; UA ¼ unitary authority.
a Provider and private.
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and there was no indication of improved fit using a zero-truncated
negative binomial model (D AIC ¼ 2.455). All continuous variables
showed no substantial evidence of non-linearity of prediction
across quartiles (results not shown). Removal of the 9 standardised
deviance residuals with a value >±2 had very little effect on IRR
estimates (average change of 1.3%, range: 0.1e4.5%). Removal of the
4 observations with a Cook's D distance >0.032 also had little
impact on IRR estimates (average change of 3.1%, range: 0.1e7.4%).

Discussion

Phased campus reopening in spring 2021 coincided with only a
modest increase in COVID-19 case numbers among university
students and staff, which remained low until the emergence of the
Omicron variant in December 2021. This suggests that preventative
actions taken by universities, such as regular screening, support for
isolating students, and safety and hygiene measures were suc-
cessful at minimising transmission of COVID-19. Certainly, student
compliance and belief in the importance of suchmeasures was high
in the UK10,29 and could be a key component of successful univer-
sity interventions.

At no point did the contribution of student cases exceed that
expected if there were equivalent prevalence to the wider popu-
lation of the same age group. Even following the emergence of the
Omicron variant in winter of 2021/22 when case rates among
young adults were considerably higher than for the Delta variant,30

this proportion (reaching 20e25% during this time) remained
below the expected proportion (32%). This implies a comparatively
reduced burden of COVID-19 among students relative to people of
their age who were not at the university, and university settings
may have generally played a limited role in driving transmission on
a wider, population level. Registered university students may,
however, have contributed to COVID-19 community transmission
when not attending university (such as during the emergence of
the Omicron variant in the winter of 2021/22), and the focus of this
analysis was restricted to cases associated with higher education
settings which were open for teaching.

Our analysis of university-level factors and COVID-19 case rates
during winter of 2021/22 indicates that variance in case numbers
was associated with a number of university characteristics, some

of which may be amenable for targeted interventions or risk
communication strategies. Universities with substantial campuses
or with large populations of students in halls of residencemay be at
risk of relatively increased transmission of respiratory viruses.
Increased testing rates may equally explain the association with
more students in halls, and further work is required to test this.
These findings are supported by previous studies linking student
accommodation to transmission.9,10 The association of Russell
group membership with increased rates of COVID-19 may reflect
increased testing rates at these institutions. Russell group univer-
sities were collectively aware of the need for mass testing of stu-
dents.27 The greater assets of these major universities may have
permitted more resources to be dedicated to student-screening
programmes, and consequently, case ascertainment rates were
likely higher at some or all of these institutions. The association
between reducing case rates and increasing catchment draws of
universities requires further investigation and may be confounded
by other factors, such as time-specific epidemiology of COVID-19
from the specific areas from which students were drawn.
Reduced rates associated with institutions offering creative arts
degrees also requires further exploration.

Using routine contact tracing data in England, we have reported
cases in university settings for students and staff and described
those cases against the backdrop of national case numbers. As was
expected, given the fluctuating age-specific transmission rates,
national lockdowns, and waves of infection, case numbers among
university students varied considerably over time. Substantial
variation was also observed between universities, and multivari-
able modelling highlighted characteristics of universities associ-
ated with higher case rates which may help to inform future
guidance to limit transmission within higher education settings.
Our findings may not be directly comparable with studies under-
taken at specific universities in England but provide the first
comprehensive overall picture of trends in student case numbers
during the pandemic.

Limitations

These findings from real-world data have a number of limita-
tions. A combination of imperfect case ascertainment, particularly

Table 2
Associations of university characteristics with COVID-19 cases among students at higher education settings, England, September 2021eFebruary 2022.

Characteristic Variable Crude Adjusted

IRR (95% CI) P-value IRR (95% CI) P-value

Region East Midlands 1.00 e 1.00 e

East of England 0.036 (0.026e0.050) 0.828 0.944 (0.669e1.333) 0.746
London 0.944 (0.634e1.365) 0.770 1.024 (0.741e1.402) 0.880
North East 0.947 (0.580e1.546) 0.215 0.768 (0.509e1.173) 0.211
North West 0.695 (0.396e1.259) 0.130 0.818 (0.596e1.117) 0.206
South East 0.710 (0.452e1.101) 0.893 1.134 (0.845e1.508) 0.397
South West 1.028 (0.673e1.536) 0.893 1.022 (0.734e1.418) 0.898
West Midlands 1.131 (0.710e1.784) 0.435 0.989 (0.709e1.372) 0.945
Yorkshire and Humber 0.834 (0.526e1.310) 0.266 0.843 (0.604e1.174) 0.309

Russell group member Yes 1.529 (1.204e1.968) <0.001 1.561 (1.220e2.002) <0.001
No 1.00 e e e

Campus university Yes 1.088 (0.896e1.327) 0.398 1.240 (1.055e1.458) 0.008
No 1.00 e e e

Student make-up Undergraduate students (%) 0.994 (0.987e1.000) 0.064 1.003 (0.995e1.011) 0.466
International students (%) 1.011 (1.005e1.018) <0.001 1.003 (0.995e1.011) 0.450
UA catchmentb 0.995 (0.990e0.999) 0.022 0.989 (0.982e0.995) <0.001

Students in hallsa (%) e 1.015 (1.008e1.022) <0.001 1.012 (1.004e1.019) 0.002
Courses offered Medicine and dentistry 1.009 (0.836e1.219) 0.930 0.971 (0.815e1.155) 0.736

Creative arts 0.717 (0.541e0.936) 0.016 0.708 (0.556e0.893) 0.004
Engineering and technology 0.775 (0.633e0.945) 0.012 0.925 (0.740e1.153) 0.484

Bold text indicates P-values <0.05. IRR ¼ incidence rate ratio; UA ¼ unitary authority.
a Provider and private halls of residence.
b Mean-centred.
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for asymptomatic infection,31 and a lack of engagement with con-
tact tracing, particularly for young people,32 will have led to an
underestimate of case numbers associated with (reported activities
at) university settings. An indication of the magnitude of this effect
is provided by a comparison of case numbers to those obtained
from a mandatory weekly testing programme at Loughborough
University (N. Budworth, personal communication). For the period
1 October 2021 to 23 February 2022, cases numbers from contact-
tracing data were 37% (1272/1745) and 16% (270/323) lower for
students and staff, respectively, than those from the university
testing data. Without access to similar testing data at other uni-
versities, it was not possible to determine if this under-
ascertainment was representative of all other universities. There
was likely to be variation between settings due to differential
testing and engagement with contact tracing (including reporting
of activities leading to linkage to a university setting). The use of
routine contact tracing data with sufficient data to allocate cases to
university settings limited the analysis to start in October 2020. It is
unclear what effects exclusion of the first phase of the pandemic
may have had on our findings.

As an ecological study, the findings of this study are largely
exploratory; no attempt has been made to consider individual-
level factors associated with infection. Linkage of contact tracing
data to genomics data may enable detection and description of
transmission chains associated with a wider range of higher edu-
cation settings. The application of such a methodology would
allow the degree of intra-university spread and the extent of
spillover between university students and wider population
groups to be studied over the course of the pandemic and for the
whole of England. Our analysis of university characteristics asso-
ciated with rates of COVID-19 is somewhat crude but suggests
potential university-level factors which may have contributed to
relatively increased transmission at certain settings. The collection
of more detailed data on university environments and student
behaviour/mixing over the course of the pandemic would enable
factors to be considered at higher resolution and temporal varia-
tion in risk modelled. Our analysis of catchment areas has not
considered the prevalence of infection within those areas from
which students were drawn and the effect this may have had on
case numbers.33
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a b s t r a c t

Objectives: Mass COVID-19 vaccination commenced in December 2020 in Scotland. Monitoring vaccine
safety relies on accurate background incidence rates (IRs) for health outcomes potentially associated with
vaccination. This study aimed to quantify IRs in Scotland of adverse events of special interest (AESI)
potentially associated with COVID-19 vaccination.
Study design and methods: IRs and 95% confidence intervals (CIs) for 36 AESI were calculated retro-
spectively for the pre-COVID-19 pandemic period (01 January 2015e31 December 2019) and the COVID-
19 pandemic period (01 April 2020e30 November 2020), with age-sex stratification, and separately by
calendar month and year. Incident cases were determined using International Classification of Diseases-
10th Revision (ICD-10)ecoded hospitalisations.
Results: Prepandemic population-wide IRs ranged from 0.4 (0.3e0.5 CIs) cases per 100,000 person-years
(PYRS) for neuromyelitis optica to 478.4 (475.8e481.0 CIs) cases per 100,000 PYRS for acute renal failure.
Pandemic population-wide IRs ranged from 0.3 (0.2e0.5 CIs) cases per 100,000 PYRS for Kawasaki
disease to 483.4 (473.2e493.7 CIs) cases per 100,000 PYRS for acute coronary syndrome. All AESI IRs
varied by age and sex. Ten AESI (acute coronary syndrome, acute myocardial infarction, angina pectoris,
heart failure, multiple sclerosis, polyneuropathies and peripheral neuropathies, respiratory failure,
rheumatoid arthritis and polyarthritis, seizures and vasculitis) had lower pandemic than prepandemic
period IRs overall. Only deep vein thrombosis and pulmonary embolism had a higher pandemic IR.
Conclusion: Lower pandemic IRs likely resulted from reduced health-seeking behaviours and healthcare
provision. Higher IRs may be associated with SARS-CoV-2 infections. AESI IRs will facilitate future vaccine
safety studies in Scotland.
© 2023 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Infection with severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) is associated with high levels of morbidity and
mortality.1 In order to slow the spread of the virus, stringent

measures equating to a national lockdown were first introduced in
Scotland on 23 March 2020.2

Given the severity of the disease (termed COVID-19) and the
adverse impact of behavioural restrictions on the economy, several
vaccines for COVID-19 were developed rapidly. These were granted
emergency use authorisation in the UK, and the COVID-19 vacci-
nation programme in Scotland commenced with the roll-out of the
BNT162b2 (Comirnaty) vaccine on 08 December 2020.3 Although
the vaccines passed clinical trials, these are often conducted on
populations with limited heterogeneity and follow-up time and
without statistical power to detect very rare clinical adverse events
associated with vaccination.4 Therefore, some adverse events may
not become apparent until after the vaccine is available to the
general population. Health conditions reported or experienced
following vaccination can increase vaccine hesitancy and even
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result in temporary suspensions to vaccination,5 requiring investi-
gation to verify whether they are true adverse reactions or are
merely temporally associated with vaccination.6 As such, it is
important to continue monitoring potential adverse events to
further inform the safety and ensure the credibility of the vacci-
nation programme.

The Brighton Collaboration, an international voluntary collabo-
ration of healthcare professionals currently funded by the Coalition
for Epidemic Preparedness Innovation to develop vaccine safety
protocols for emerging vaccines,7 identified a number of health
outcomes that could potentially be adverse events associated with
COVID-19 vaccination. These are known as adverse events of special
interest (AESI).8 They were identified because they have previously
been or theoretically could be associated with vaccination, or
because they are associated with COVID-19 disease. Accurate pop-
ulation background rates of AESI are required to monitor vaccine
safety.4 They provide estimates of the incidence of AESI in the
absence of the vaccine, so they can be used to estimate the expected
incidental rate of AESI in the vaccinated population.4 Ideally, rates
should be from a time period with comparable healthcare use to
the period of vaccine administration in the population.9 If the AESI
incidence in the vaccinated population is observed to be higher
than the expected rate, this may signal a safety issue for further
investigation. Whereas passive surveillance systems, such as the
Medicine and Healthcare products Regulatory Agency's (MHRA)
Yellow Card Scheme or the US Vaccine Adverse Events Reporting
System, rely on voluntary reporting and are most useful for
generating hypotheses surrounding potential adverse events
following vaccination,10 background rates facilitate studies that can
provide more robust evidence regarding vaccine safety. These, in
turn, can improve vaccine confidence and limit vaccine hesitancy.6

This study aimed to quantify background incidence rates (IRs) of
conditions identified as AESI in the safety monitoring of new
COVID-19 vaccinations, including BNT162b2 (Comirnaty), ChAdOx1
nCoV-19 (AZD1222; Vaxzevria) and mRNA-1273 (Spikevax), to
inform and enable future vaccine safety analyses.

Methods

Thirty-six AESI were included based on outcomes recom-
mended for monitoring by the Safety Platform for Emergency
vACcines (SPEAC) and further informed by discussions with the
MHRA and outcomes previously monitored for influenza vaccina-
tion.11 AESI were defined by the International Classification of
Diseases-10th Revision (ICD-10)12 diagnostic codes (Supplemental
Table 1) advised by the Public Health Scotland (PHS) terminology
service, who routinely validate these codes to ensure they are
recorded consistently and accurately.13 Clinicians within PHS and
the University of Glasgow agreed the final selection of AESI and
their definitions.

Patients hospitalised with an AESI were identified retrospec-
tively using the Scottish Morbidity Record 0114 (SMR01) and 02
(SMR02)15 national data sets. SMR01 includes discharge diagnoses
data for all inpatient and day patient episodes from acute specialty
hospitals, excluding obstetric and psychiatric specialties. SMR02
includes episode-level data every time a person attends hospital for
an obstetric event (antenatal, delivery or postnatal).

Episode-level data were extracted from SMR01 and SMR02 for
the period 01 June 2013 to 08 September 2021 and filtered to
remove episodes with unknown or unspecified patient sex. An
episode is a period of hospital care initiated by a referral or
admission and ended by a discharge.16 AESI events were identified
by an ICD-10 code within any diagnosed condition from an
episode.16 The initial data extract covered a longer period than the
study periods to account for hospital stays that overlappedwith but
started or ended outside these dates.

SMR01 episodes were aggregated to hospital stay level for in-
dividuals based on their unique Community Health Index number,
counting multiple events within a stay once for each AESI. SMR02
data were retained at episode level.

Incident cases were identified using a similar approach to the
Centre for Biologics Evaluation and Research.17 The time between
multiple admissions for an individual for the same AESI was
calculated using the earliest admission dates from each SMR01 stay
and SMR02 episode. AESI events were included if an individual was
not previously admitted with a diagnosis of the same AESI within a
prespecified time period (clean window). The clean window was
verified with clinicians and based on the aetiology of each outcome
event (Supplemental Table 1). For example, Guillain-Barre Syn-
drome's (GBS) clean window was 365 days. For a patient admitted
on 01 April 2018 and again on 01 June 2018 with a GBS diagnosis,
only the earlier admission was identified as a case (Fig. 1). In-
dividuals contributed multiple incident cases if their events were
separated by a period greater than the clean window. The longest
clean window was 365 days, so hospitalisations from 01 January
2014 were used to identify incident cases from 01 January 2015
onwards.

For each AESI, IRs per 100,000 PYRS (person-years) and 95%
confidence intervals (CIs) were calculated by calendar month and
year and overall by age group (0e11, 12e15, 16e19, 20e29, 30e39,
40e49, 50e59, 60e69, 70e79, 80þ years, all ages) and sex (male,
female) for two study periods. The pre-COVID-19 pandemic period
was 01 January 2015 to 31 December 2019. The COVID-19 pandemic
period was 01 April 2020 to 30 November 2020, before the vacci-
nation programme in Scotland started. Denominator data were
National Records of Scotlandmid-year population estimates.18 Until
the end of March 2020, confirmed COVID-19 infection rates in
Scotland were low; therefore, 01 January 2020 to 31 March 2020
was excluded from the prepandemic and pandemic study periods.
IRs for this period were calculated separately for information only.

IRs for each AESI were compared between the prepandemic and
pandemic periods. IRs were defined as higher where the IR and 95%

Abbreviations

AESI Adverse event of special interest
CIs Confidence intervals
DPIA Data Protection Impact Assessment
DVT Deep vein thrombosis
GBS Guillain-Barre Syndrome
ICD-10 International Classification of Diseases-10th

Revision
ICMJE International Committee for Medical Journal

Editors
IR Incidence rates
MHRA Medicines and Healthcare products Regulatory

Agency
NHS National Health Service
PE Pulmonary embolism
PHS Public Health Scotland
PYRS Person-years
SARS-CoV-2 Severe acute respiratory syndrome coronavirus-

2
SMR01 Scottish Morbidity Record 01
SMR02 Scottish Morbidity Record 02
SPEAC Safety Platform for Emergency vACcines
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CIs were above those of a comparison ratewith no overlap between
them. The reverse was defined as lower. Comparisons of IRs by
calendar month were used to identify seasonal trends. Analyses
were conducted in R version 3.6.1, using the tidyverse,19 lubri-
date,20 janitor,21 epitools22 and dplyr23 packages.

Results

Prepandemic period population estimates ranged from
5,373,000 to 5,463,300 (mean ¼ 5,420,780). The pandemic period
population estimate was 3,644,000.18 As expected, IRs varied sub-
stantially across the 36 AESI. Prepandemic population-wide IRs
(without age or sex stratification) ranged from 0.4 (0.3e0.5 CIs)
cases per 100,000 PYRS for neuromyelitis optica to 478.4
(475.8e481.0 CIs) cases per 100,000 PYRS for acute renal failure
(Supplemental Figure 1; Supplemental Table 2). Pandemic period
population-wide IRs ranged from 0.3 (0.2e0.5 CIs) cases per
100,000 PYRS for Kawasaki disease to 483.4 (473.2e493.7 CIs) cases
per 100,000 PYRS for acute coronary syndrome (Supplemental
Fig. 2; Supplemental Table 3).

Prepandemic versus pandemic IRs

Deep vein thrombosis (DVT) and pulmonary embolism (PE) was
the only AESI with a higher IR during the pandemic period
(pandemic period ¼ 101.8 [98.6e105.1 CIs]; prepandemic
period ¼ 91.1 [89.9e92.2 CIs] cases per 100,000 PYRS) (Table 1).
This was largely driven by the 40- to 69-year-old age groups
(Supplemental Table 1; Supplemental Table 2).

Ten AESI (acute coronary syndrome, acutemyocardial infarction,
angina pectoris, heart failure, multiple sclerosis, polyneuropathies
and peripheral neuropathies, respiratory failure, rheumatoid
arthritis and polyarthritis, seizures and vasculitis) had lower IRs
overall during the pandemic period (Table 1).

Age and sex

Differences occurred in all AESI IRs when age and sex-stratified
(Supplemental Figs. 1-2; Supplemental Tables 2-3). In the

prepandemic period, there was a sex difference in IRs for 23 AESI,
whereby 12 AESI had higher IRs in males (Supplemental Fig. 1;
Supplemental Table 2): acute coronary syndrome, acute myocardial
infarction, acute renal failure, angina pectoris, GBS, heart failure,
myocarditis and pericarditis, other arterial thromboembolism,
polyneuropathies and peripheral neuropathies, seizures, stroke
(ischemic) and subsequent myocardial infarction. The other 11 AESI
had higher overall IRs in females: autoimmune thyroiditis, chronic
fatigue syndrome, demyelination, DVTand PE, facial palsy including
Bell's palsy, fibromyalgia, multiple sclerosis, optic neuritis, other
venous thromboembolism, respiratory failure and rheumatoid
arthritis and polyarthritis (Supplemental Fig. 1; Supplemental
Table 2). During the pandemic period, six AESI no longer had sex
differences observed in the prepandemic period, including five
which were previously higher in females (DVT and PE, facial palsy
including Bell's palsy, optic neuritis, other venous thromboembo-
lism, rheumatoid arthritis and polyarthritis), and one that was
higher in males (subsequent myocardial infarction).

For most AESI, sex differences varied across age groups except
for autoimmune thyroiditis where the IR was consistently higher in
females, and seizures where the IR was consistently higher in males
(Supplemental Fig. 1, Supplemental Table 2). This pattern was
observed in both study periods.

Kawasaki disease and vasculitis were the only AESI predomi-
nantly seen in children aged under 12 years for both sexes in both
study periods (Figs. 1 and 2; Supplemental Tables 2-3). This pattern
was less apparent in the pandemic period for both AESI due to a
smaller number of events resulting in wider CIs.

Seasonal trends

Respiratory failure and vasculitis had seasonal trends in both
study periods, with higher IRs during winter months
(Supplemental Fig. 3; Supplemental Table 4).

Discussion

Estimated IRs from hospitalisations for 36 AESI potentially
related to COVID-19 vaccination provide important contextual

Fig. 1. Identifying cases from three individuals' hospital admissions for Guillain-Barre Syndrome using a 365-day clean window.
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Table 1
IRs and 95% CIs of AESI throughout the prepandemic and pandemic periods.

AESI 2015 2016 2017 2018 2019 Prepandemic period
(2015e2019 average)

Pandemic period
(01 April 2020
to 30 November 2020)

Acute and Subacute Hepatic Failure 2.9 (2.4e3.4) 3.0 (2.6e3.5) 3.2 (2.7e3.7) 3.7 (3.2e4.3) 3.6 (3.1e4.1) 3.3 (3.1e3.5) 3.6 (3.1e4.3)
Acute Coronary Syndrome 454.9 (449.2e460.6) 442.9 (437.3e448.5) 445.9 (440.3e451.6) 434.1 (428.6e439.7) 443 (437.4e448.6) 444.1 (441.6e446.6) 394.4 (388e400.9)
Acute Myocardial Infarction 202.3 (198.5e206.1) 204.4 (200.6e208.2) 205.3 (201.5e209.1) 201.6 (197.9e205.4) 203.0 (199.2e206.8) 203.3 (201.6e205) 192.0 (187.5e196.5)
Acute Renal Failure 433.4 (427.8e439.0) 483.6 (477.8e489.5) 499.8 (493.9e505.8) 487.6 (481.7e493.5) 487.1 (481.3e493.0) 478.4 (475.8e481) 449.8 (442.9e456.7)
Angina Pectoris 278.7 (274.3e283.2) 263.3 (259.0e267.7) 256.0 (251.8e260.3) 243.4 (239.2e247.6) 248.8 (244.6e253.0) 258.0 (256.1e259.9) 211.6 (206.9e216.3)
Autoimmune Thyroiditis 2.9 (2.5e3.4) 3.0 (2.6e3.5) 2.9 (2.5e3.4) 3.9 (3.4e4.4) 3.5 (3.1e4.1) 3.3 (3e3.5) 3.1 (2.5e3.7)
Chronic Fatigue Syndrome 5.5 (4.9e6.1) 5.7 (5.1e6.4) 4.7 (4.2e5.3) 4.3 (3.8e4.9) 4.2 (3.7e4.8) 4.9 (4.6e5.2) 4.0 (3.4e4.7)
Demyelination 2.8 (2.4e3.3) 2.5 (2.1e3.0) 2.8 (2.4e3.3) 2.6 (2.2e3.1) 2.2 (1.8e2.6) 2.6 (2.4e2.8) 2.4 (1.9e2.9)
Disseminated Intravascular

Coagulation
1.2 (0.9e1.5) 1.1 (0.8e1.4) 0.9 (0.7e1.2) 0.9 (0.7e1.2) 0.8 (0.6e1.1) 1.0 (0.8e1.1) 1.3 (0.9e1.7)

Deep Vein Thrombosis (DVT)
and Pulmonary Embolism (PE)

85.8 (83.4e88.3) 88.9 (86.4e91.5) 93.7 (91.2e96.3) 93.2 (90.6e95.8) 93.6 (91.1e96.2) 91.1 (89.9e92.2) 101.8 (98.6e105.1)

Encephalitis including Acute
Disseminated Encephalomyelitis (ADEM)

3.6 (3.1e4.1) 3.3 (2.8e3.8) 3.5 (3.0e4.0) 3.5 (3.1e4.1) 3.6 (3.1e4.1) 3.5 (3.3e3.7) 2.6 (2.1e3.2)

Facial Palsy including Bell's Palsy 15.0 (14.0e16.1) 14.8 (13.8e15.9) 13 (12.0e14.0) 13.4 (12.5e14.5) 13.8 (12.8e14.8) 14.0 (13.6e14.5) 10.9 (9.9e12.1)
Fibromyalgia 34.2 (32.7e35.8) 37.4 (35.8e39.0) 38.0 (36.4e39.6) 44.1 (42.3e45.9) 49.8 (47.9e51.7) 40.7 (40e41.5) 47.5 (45.3e49.8)
Guillain-Barre Syndrome (GBS) 3.0 (2.5e3.5) 3.2 (2.7e3.7) 3 (2.5e3.5) 2.7 (2.3e3.2) 2.9 (2.5e3.4) 2.9 (2.7e3.2) 2.3 (1.8e2.8)
Heart Failure 259.0 (254.7e263.3) 263.5 (259.2e267.8) 269.4 (265.1e273.8) 264.7 (260.4e269.1) 277.5 (273.1e282.0) 266.9 (264.9e268.8) 249.0 (243.9e254.2)
Intracranial Venous Thrombosis 1.2 (0.9e1.5) 1.6 (1.3e2.0) 1.5 (1.2e1.9) 1.9 (1.5e2.3) 1.7 (1.4e2.1) 1.6 (1.4e1.7) 1.8 (1.4e2.3)
Kawasaki Disease 0.4 (0.3e0.6) 0.4 (0.2e0.5) 0.5 (0.3e0.7) 0.6 (0.4e0.9) 0.5 (0.4e0.8) 0.5 (0.4e0.6) 0.3 (0.2e0.5)
Multiple Sclerosis 35.8 (34.2e37.5) 35.5 (34.0e37.2) 36.3 (34.7e37.9) 38.8 (37.2e40.5) 37.3 (35.7e39.0) 36.8 (36e37.5) 31.3 (29.5e33.2)
Myasthenia Gravis 5.0 (4.4e5.7) 5.4 (4.8e6.1) 5.5 (4.9e6.2) 5.6 (5.0e6.3) 6.1 (5.5e6.8) 5.5 (5.3e5.8) 4.6 (4e5.4)
Myocarditis and Pericarditis 7.8 (7.1e8.6) 7.1 (6.4e7.8) 7.8 (7.1e8.6) 8.7 (7.9e9.5) 9 (8.2e9.8) 8.1 (7.7e8.4) 8.9 (8e9.9)
Narcolepsy 0.7 (0.5e0.9) 0.6 (0.4e0.9) 0.6 (0.4e0.9) 0.5 (0.3e0.7) 0.5 (0.3e0.7) 0.6 (0.5e0.7) 0.5 (0.3e0.8)
Neuromyelitis Optica 0.3 (0.1e0.4) 0.5 (0.3e0.7) 0.3 (0.2e0.5) 0.4 (0.2e0.6) 0.6 (0.4e0.8) 0.4 (0.3e0.5) 0.5 (0.3e0.8)
Optic Neuritis 1.8 (1.4e2.2) 1.9 (1.6e2.4) 1.2 (1.0e1.6) 1.8 (1.5e2.2) 1.8 (1.4e2.2) 1.7 (1.6e1.9) 1.2 (0.9e1.6)
Other Arterial Thromboembolism 21.7 (20.5e23.0) 22.5 (21.3e23.8) 25.5 (24.2e26.9) 25.9 (24.6e27.3) 24.8 (23.5e26.2) 24.1 (23.5e24.7) 20.6 (19.2e22.2)
Other Venous Thromboembolism 23.3 (22.1e24.7) 24.1 (22.8e25.4) 24.3 (23.0e25.7) 23.2 (21.9e24.5) 25.9 (24.6e27.3) 24.2 (23.6e24.8) 22.1 (20.6e23.7)
Polyneuropathies and Peripheral

Neuropathies
33.4 (31.9e35.0) 34.8 (33.3e36.5) 33.7 (32.2e35.3) 33.3 (31.8e34.9) 34.9 (33.3e36.5) 34.0 (33.3e34.7) 27.0 (25.3e28.7)

Respiratory Failure 69.5 (67.3e71.8) 78.4 (76.1e80.8) 84.8 (82.3e87.2) 82.4 (80.0e84.8) 83.4 (81.0e85.8) 79.7 (78.6e80.8) 56.4 (54e58.9)
Rheumatoid Arthritis and Polyarthritis 80.5 (78.1e82.9) 75.5 (73.2e77.8) 72.7 (70.5e75.0) 71.4 (69.2e73.7) 73.3 (71.0e75.6) 74.7 (73.6e75.7) 50.1 (47.9e52.5)
Seizures 338.8 (333.9e343.8) 347.9 (343.0e352.9) 347.6 (342.7e352.6) 340.8 (335.9e345.8) 353.8 (348.8e358.8) 345.8 (343.6e348) 299.5 (293.9e305.2)
Stroke (Haemorrhagic) 48.9 (47.0e50.8) 49.9 (48.0e51.8) 48.0 (46.2e49.9) 50.3 (48.4e52.2) 51.1 (49.2e53.0) 49.6 (48.8e50.5) 46.6 (44.4e48.8)
Stroke (Ischemic) 181.1 (177.5e184.7) 181.5 (177.9e185.1) 184.3 (180.7e188.0) 183.9 (180.4e187.6) 185.4 (181.8e189.1) 183.3 (181.7e184.9) 182.5 (178.1e186.9)
Subsequent Myocardial Infarction 3.5 (3.0e4.0) 2.8 (2.3e3.2) 2.3 (1.9e2.7) 2.5 (2.1e3.0) 2.5 (2.1e2.9) 2.7 (2.5e2.9) 2.5 (2e3.1)
Thrombocytopenia 34.7 (33.2e36.3) 33.7 (32.2e35.3) 33 (31.5e34.5) 31.2 (29.7e32.7) 32.7 (31.2e34.2) 33.1 (32.4e33.7) 28.5 (26.8e30.3)
Transient Ischaemic Attack 52.5 (50.6e54.5) 55.7 (53.8e57.8) 59.9 (57.9e62.0) 59.5 (57.4e61.5) 63.1 (61.0e65.3) 58.2 (57.3e59.1) 54.1 (51.7e56.5)
Transverse Myelitis 0.6 (0.4e0.9) 0.7 (0.5e1.0) 0.8 (0.5e1.0) 0.8 (0.6e1.0) 0.6 (0.4e0.9) 0.7 (0.6e0.8) 0.9 (0.6e1.2)
Vasculitis 8.0 (7.3e8.8) 9.7 (8.9e10.5) 8.2 (7.5e9.0) 8.4 (7.6e9.2) 8.2 (7.5e9.0) 8.5 (8.2e8.9) 5.0 (4.3e5.8)
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information for monitoring and providing reassurance regarding
vaccine safety. If concerns around serious adverse events occurring
post-vaccination are reported through social media, passive
reporting or anecdotally, these estimates facilitate quick compari-
sons of observed number of events in the vaccinated population
with the expected number of events. Lower event rates among
vaccinees than the background rates provide reassurance that
events may have occurred coincidentally. However, it is important
that background rates used reflect the IRs of AESI in the absence of
vaccination as closely as possible.

Ten AESI (acute coronary syndrome, acutemyocardial infarction,
angina pectoris, heart failure, multiple sclerosis, polyneuropathies
and peripheral neuropathies, respiratory failure, rheumatoid
arthritis and polyarthritis, seizures and vasculitis) had lower IRs
following the emergence of COVID-19 and associated behavioural
restrictions (Table 1; Supplemental Figure 3). To our knowledge,
this study is the first to examine changes in IRs for poly-
neuropathies and peripheral neuropathies and vasculitis following
the COVID-19 pandemic. However, findings for the remaining eight
AESI that had lower pandemic period IRs align with other studies
examining the same conditions.24e28

Reasons for observing lower pandemic period IRs are likely to be
multifactorial. These are important to consider when choosing
comparison periods for vaccine safety analyses. Several studies
have attributed reduced IRs to health-seeking behaviour changes
during the pandemic, suggesting anxiety around SARS-CoV-2
infection may prevent or delay presentation at hospital, particu-
larly during the early pandemic period.24,28,29 This was evidenced
by research showing decreased self-referrals but increased ambu-
lance admissions to hospital with heart failure during 2020
compared with prior years.30 These findings indicate a shift in pa-
tients seeking medical care only for more serious events during the
pandemic rather than a true reduction in IRs.

Lower pandemic IRs are also likely caused by the National
Health Service (NHS) being placed on emergency footing from 17
March 2020.31 Many healthcare services were paused to allocate
resources to managing COVID-19 cases. This affected referral and
treatment patterns, and all non-urgent elective treatment was
suspended. Indeed, several AESI that were lower during the
pandemic were related to the circulatory system (acute coronary
syndrome, acute myocardial infarction, heart failure, angina pec-
toris, vasculitis). Elective cardiac surgery and cardiology were
among the paused services, and their staged return only began
mid-June 2020.32 Accordingly, we observed that most AESI with
lower pandemic IRs gradually increased throughout the pandemic
period, returning to levels more closely resembling prepandemic
IRs around the same time NHS services recommenced
(Supplemental Figure 3). Similarly, community deaths from heart
failure were higher and hospitalisations were lower during the
period February to May 2020 compared with equivalent 2018 and
2019 time periods in England.29 Other factors causing reduced IRs
could include individuals practicing better self-care over the
pandemic period33 if they had more available time compounded
with the incentive to stay healthy in case of SARS-CoV-2 infection.
For others, reduced physical activity due to behavioural restrictions
could have masked the symptoms from cardiovascular AESI,34

meaning individuals were less aware of a need to attend hospital.
Reduced physical activity may have also contributed to the

observed increased rates of DVT and PE during the pandemic
period.34 It is also notable that SARS-CoV-2 infection has been
associated with PE and may therefore have increased relative to
increasing infection rates.35 Although DVTand PE was the only AESI
that was higher overall during the pandemic than prepandemic
period, rates of several other AESI (including acute renal failure,
GBS, disseminated intravascular coagulation) were also likely

affected during the pandemic given their association with COVID-
19.36e38

Consistent with other research, IRs varied substantially by age
and sex.21 Generally, IRs were highest in adults across both pre-
pandemic and pandemic periods (Supplemental Fig. 1;
Supplemental Fig. 2). Exceptions were Kawasaki disease and
vasculitis where IRs were highest in under 12-year-olds in the
prepandemic period. Themajority of AESI also had higher IRs in one
sex during the prepandemic period (Supplemental Fig. 1). Prepan-
demic IRs for acute myocardial infarction, myocarditis and peri-
carditis and GBS were higher in males than females, matching
findings in a UK study of IRs from 2017 to 2019.21 However, sex
differences in general were less apparent during the pandemic
period (Supplemental Fig. 2). For some AESI, including thrombo-
cytopenia, sex differences were age-dependent such that the IR was
higher in younger females than males, but the reverse occurred in
older age groups.

For certain conditions, substantial differences in IRs occur
throughout the year due to the seasonal nature of the disease,
which needs to be considered and accounted for when undertaking
safety analyses.39 Winter peaks observed for respiratory failure in
both prepandemic and pandemic periods align with the influenza
season (Supplemental Figure 3).40,41 The marked reduction in res-
piratory failure throughout the pandemic period (Table 1;
Supplemental Figure 3) mirrors the reduction observed in non-
COVID-19 respiratory pathogens circulating throughout the
pandemic.41 The lower incidence has been attributed to COVID-19
behavioural restrictions, which prevented the usual transmission
of infection observed in previous years.41

The study included many AESI identified as relevant to the
COVID-19 vaccination programme. By using national data and
standardised definitions for identifying AESI, IRs are likely to be
reflective of and generalisable to the Scottish population. SMR re-
cords are produced for all inpatients and day cases in Scotland and
are therefore unbiased towards particular geographical areas or
other subsets of patients that may influence IRs. Furthermore, AESI
were identified from all episodes within a hospital stay. This
increased the likelihood of including stays involving an AESI
regardless of severity. The use of a clean window, defined accord-
ingly for each AESI, limited the possibility of identifying repeat
admissions for individuals with a history of the condition.

The provision of age and sex-stratified rates will allow future
studies to rapidly assess vaccine safety in specific cohorts. By
calculating prepandemic and pandemic IRs separately, the pan-
demic's impact on the incidence of AESI can also be reviewed. This
will be particularly important when selecting comparison periods
for and interpretation of follow-up vaccine safety analysis. The
availability of AESI IRs and the insights into the pandemic's influ-
ence and seasonal trends provided will also aid safety studies for
other vaccine programmes, such as influenza, and support public
health planning in the event of potential future pandemics.39

Study limitations

For some AESI, hospitalisationmay be unnecessary, and patients
are seen in primary care or outpatient settings instead, so they are
not counted in IRs. Additionally, some individuals may not seek
healthcare, or their hospitalisation might differ based on age, sex or
other risk factors for serious disease or complications. While this
may have been a particular bias throughout the pandemic period,
the data presented likely underestimate the true IRs for some or all
conditions across both study periods. Although many AESI were
included, the list was not exhaustive, and other adverse events may
emerge as safety concerns associated with COVID-19 vaccination.
Identification of hospitalisations for the included AESI may have
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also been affected if any changes occurred to the ICD-10 codes used
during the study periods. The cleanwindow length chosen for each
AESI will also have influenced IRs, potentially underestimating
admissions counted as cases.

2020 mid-year population estimates were also likely affected by
higher mortality rates caused by SARS-CoV-2 infections,42 resulting
in the denominator overestimating the true population. Further-
more, excess deaths may have occurred among cohorts most at risk
for the AESI investigated. Combined, these could have resulted in
lower IRs throughout the pandemic periodwithout any true change
in incidence.

Caution should be applied when comparing IRs calculated using
different methods and/or databases and from different geograph-
ical areas. For example, our prepandemic IR of 2.9 GBS cases per
100,000 PYRS (2.7e3.2 CIs) is higher than UK-wide estimates from
2016 to 2019 calculated using prescriptions of intravenous immu-
noglobulin for treating GBS in hospital.43 Our study identified any
condition that develops during a stay or affects a patient’s man-
agement, so it may have included patients with a GBS diagnosis
that never received specific GBS treatment. Furthermore, IRs can
vary substantially across data sources even when controlling for
other confounders.44 Future research using the IRs made available
here should ideally use the same SMR data sets to calculate post-
vaccination IRs of AESI.

Conclusion

Estimates are provided for potential AESI identified for moni-
toring in relation to COVID-19 vaccine safety. The findings pre-
sented illustrate the effect of age, sex and time period on AESI
incidence, which must be considered in future analysis. Appropri-
ately stratified IRs provided will enable rapid assessment of vaccine
safety in Scotland, for example in observed versus expected studies,
which monitor IRs postvaccination to signal potential safety con-
cerns. Such analyses are commonly used in vaccine vigilance when
quick decision-making is required, and reviewing large case
numbers individually would be inefficient. This enables public
confidence in vaccination to be maintained. The IRs also provide
insight into behaviour changes (i.e. likelihood of visiting hospital
and being admitted) and the possible impact of COVID-19 on health
when comparing prepandemic and pandemic periods.
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a b s t r a c t

Objective: In Australia, first and second compared to third dose of a COVID-19 vaccine were implemented
under different policies and contexts, resulting in greater discretion in decisions to receive a third
compared to first and second dose. We quantified socio-economic inequalities in first and third dose to
understand how discretion is associated with differences in uptake.
Study design: Whole-of-population cohort study.
Methods: Linked immunisation, census, death and migration data were used to estimate weekly pro-
portions who received first and third doses of a COVID-19 vaccine until 31 August 2022 for those with
low (no formal qualification) compared to high (university degree) education, stratified by 10-year age
group (from 30 to 89 years). We estimated relative rates using Cox regression, including adjustment for
sociodemographic factors.
Results: Among 13.1 million people in our study population, 94% had received a first and 80% a third dose
by 31 August 2022. Rates of uptake of first and third dose were around 50% lower for people with low
compared to high education. Gaps were small in absolute terms for first dose, and at the end of the study
period ranged from 1 to 11 percentage points across age groups. However, gaps were substantial for third
dose, particularly at younger ages where the socio-economic gap was as wide as 32 percentage-points.
Conclusion: Education-related inequalities in uptake were larger where discretion in decisions was
larger. Policies that limited discretion in decisions to receive vaccines may have contributed to achieving
the dual aims of maximising uptake and minimising inequalities.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.

0/).

Introduction

The Australian COVID-19 vaccination program commenced on
22 February 2021 as part of a suite of policies and programs to
minimise the impact of COVID-19. Uptake of two doses was among
the highest in the world,1 with over 96% of individuals aged 16
years and over having received at least two doses as of 31 August
2022.2 In contrast, uptake of a third dose was considerably lower,
with approximately 69% of the eligible population having received
a third dose by that time.3

Third dose vaccination is a crucial component of the national
strategy against COVID-19. Compared to people who have received

two doses of a COVID-19 vaccine in the previous three months,
people who have received a third dose have a significantly reduced
risk of infection, hospitalisation and death.4,5 Understanding how
to improve uptake of third and subsequent doses is essential for the
long-term success of national vaccination programs, which requires
achieving high population coverage with minimal inequalities.6

In Australia, third doses were implemented using different
policy strategies and in different COVID contexts, and there was
more discretion in the decision to receive a third dose compared to
first and second doses. As in many other countries, Australia
implemented vaccination certificates for the first and second
doses.7 Certificates were issued upon having received two doses.
Federal and state level mandated proof of vaccination for a number
of employees,8 and in some states, proof of vaccination was also
required for participation in several basic social activities, such as
entry into shops and restaurants, and for air travel (see for
example).9 Third doses were not incorporated into vaccine
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certificates, fewer employers required employees to have a third
dose as a condition of employment (i.e. only to those providing care
services to vulnerable people),10 and there were no restrictions
placed on members of the general public who did not receive a
third dose.

At the time the public health advice changed to include a third
dose (from November 2021), the Omicron variant was the domi-
nant strain, which was less severe relative to earlier variants.11

Furthermore, restrictions had eased, borders had reopened and
many people had already been infected with the virus. Together,
this created a context in which a third dose was viewed as more
discretionary than the first and second doses. The effect of discre-
tion on vaccine uptake is unclear, and there are conflicting views on
the matter. A number of health professionals have raised concerns
about the potential for vaccine certificates to exacerbate social in-
equalities because of greater vaccine avoidance among those of
lower socio-economic position.12,13 However, others have argued
that greater choice in health care-related decisions (e.g. removing
vaccine certificates) may exacerbate existing socio-economic
inequalities.14

The aim of this study was to compare the socio-economic
variation in first vs third dose vaccination rates in Australia. We
did this to examine whether greater discretion in the decision to
receive a vaccination, as was the case in the third compared to the
first dose of a COVID-19 vaccine, is associated with widening socio-
economic inequalities, to inform future vaccination policy and
practice. We did not investigate rates of uptake of a second dose
because, as of 31 August 2022, 98% of those who received a first
dose had also received a second.3

Methods

Data sources

We used linked data from the Multi-Agency Data Integration
Project (MADIP). The MADIP is a partnership among Australian
government agencies to link administrative and survey data,
including data relating to demographic characteristics and health.
For this study, we used the following data sources within the
MADIP:

1. The Australian Immunisation Register (AIR), which includes a
record of all COVID-19 vaccines provided in Australia. Coverage
on this register is broader than the Australian population and
includes all people onMedicare, as well as people not entitled to
Medicare but immunised in Australia by a registered immuni-
sation provider. It also includes a COVID-19 immunisation re-
cord for people immunised overseas who have transferred their
record to Australia. At the time of writing, approximately
100,000 individuals had opted out of having their immunisation
records linked to other administrative data sources and were
not included in this analysis. Data from the AIR is currently
updated weekly, and for this study, we included vaccines
administered up to 31 August 2022.

2. The 2016 Census of Population and Housing, the scope of which
was all usual residents of Australia on the night of 9 August 2016
living in private and non-private dwellings. The Census had an
estimated person response rate of 94.8%.15

3. Death Registrations data, used to exclude people who respon-
ded to Census 2016 but who died before the vaccination rollout
began and to censor people who died over the course of the
vaccine rollout. Death Registrations contain a record of all
deaths registered in Australia. For this study, deaths registered
in 2016e2021 were available, provisional deaths registered to
August 2022 were also available.

4. Overseas migration data, used to exclude those who were not in
the country in February 2021 and to censor those who left the
country for at least a month as the rollout occurred.

All data as part of the MADIP are linked indirectly using the
Person Linkage Spine (see Supplementary material). Linkage rates
for each data source to the MADIP Spine are presented in
Supplementary Table 1.

Study population

Our study population included those with a Census 2016 record
linked to the MADIP Spine, without a linked Death Registration
record, who were considered Australian in February 2021
(measured with migration data), and were aged between 30 and 89
years on 22 February 2021. Given that our socio-economic measure
is education and that a substantial amount of education formation
is still taking place for those aged 25 years and younger, individuals
younger than 30 years in January 2021 (i.e. those who were 25
years at Census 2016) were not included in the analysis, despite
being eligible for the COVID-19 vaccines. Those aged 90 years and
older are included only in supplementary analyses because edu-
cation is a less sensitive marker of socio-economic position among
those at older ages. We excluded people who had missing infor-
mation on age or sex on the MADIP Spine, as well as those who
received their first dose before 22 February 2021. For analyses of the
third dose, we also excluded those who received their third dose
before 8 November 2021, i.e. before the start of the third dose
rollout, a period in which third doses were largely restricted to
people who were immunocompromised.

Variables

The outcomes of interest in this study were the first and third
doses of a COVID-19 vaccine, ascertained using vaccine type and
encounter date within the AIR.

Our measure of socio-economic position was highest level of
education, using data from two Census variables: highest level of
school completed and highest non-school qualification. Using these
two variables, we created fivemutually exclusive categories: lowest
education level (no post-secondary school qualification and did not
complete Year 12); low-intermediate education (no post-secondary
school qualification but completed Year 12); intermediate educa-
tion (other post-secondary school qualification but did not com-
plete Year 12); intermediate to high education (other post-
secondary school qualification and completed Year 12); and high-
est education level (Bachelor's degree or higher, irrespective of
whether Year 12 was completed). We focus our inequality esti-
mates on comparing thosewith the lowest to the highest education
level.

Information on age, based on month and year of birth (and
estimated as at February 2021), sex, and state of residence as at
December 2021, were derived from the combined demographics
file as part of MADIP. We also included information on remoteness,
country of birth, English language proficiency, care giving status
and disability status, grouped into categories as shown in Table 1,
measured with Census.

Analysis

In themain analysis, we described proportions of the population
by 10-year age group who had received a first and third dose
(separately) each week of the rollout (estimated on Sundays, from
28 February 2021). We also described absolute gaps in uptake on 31
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August 2022. Age was estimated separately for each week, and we
accounted for deaths and outward migration.

We used Cox regression to estimate hazard ratios (HRs, inter-
preted as rate ratios [RR]) and 95% confidence intervals for uptake
of vaccination according to education level, using highest education
as the reference category. For analyses of the first dose, the study
population was followed from the first day of the National COVID-
19 vaccination program (22 February 2021) until they received
their first dose, died, left the country or the 31 August 2022 (end of
the study period), whichever occurred first.

For models where third dose was the outcome, we additionally
restricted the sample to those who had received two doses of a

COVID-19 vaccine and were alive and in the country at the time
they were first eligible for a third dose. This study population was
followed from the date they were first eligible for third dose minus
21 days, until they received their third dose, died, permanently left
the country or until 31 August 2022 (end of the study period),
whichever occurred first. Day of eligibility was based on date of
second dose for third dose and national eligibility rules (see
Supplementary file for further information). Eligibility for third
dose was bought forward by 21 days to allow for jurisdictional
differences in eligibility criteria and to allow for early vaccination.

Coxmodelswereperformed separatelyby10-year agegroup (asof
February 2021) and were first estimatedwithout adjustment (Model

Table 1
Characteristics of the study population in relation to highest level of education.

Characteristic Highest
education

Intermediate-
high

Intermediate Low-
intermediate

Lowest
education

Missing Total

n % n % n % n % n % n %

Total 3,478,580 26.5 2,206,910 16.8 2,043,840 15.6 1,629,460 12.4 3,023,730 23.0 735,800 5.6 13,118,330
Age group (years)
30e39 1,036,010 36.8 656,580 23.3 309,130 11.0 427,050 15.2 288,330 10.2 100,670 3.6 2,817,760
40e49 935,200 34.0 604,950 22.0 351,200 12.8 387,730 14.1 365,570 13.3 103,710 3.8 2,748,350
50e59 666,440 24.6 420,930 15.6 539,250 19.9 318,020 11.8 639,120 23.6 122,290 4.5 2,706,040
60e69 499,780 21.2 299,310 12.7 460,600 19.5 257,880 10.9 705,660 29.9 136,210 5.8 2,359,480
70e79 264,710 15.5 167,090 9.8 282,480 16.5 168,830 9.9 667,110 39.1 157,130 9.2 1,707,350
80e89 76,430 9.8 58,070 7.5 101,190 13.0 69,940 9.0 357,940 45.9 115,800 14.9 779,370

Sex
Men 1,530,990 24.3 1,128,740 17.9 1,262,500 20.0 766,090 12.1 1,289,340 20.4 329,580 5.2 6,307,250
Women 1,947,600 28.6 1,078,170 15.8 781,340 11.5 863,370 12.7 1,734,390 25.5 406,230 6.0 6,811,100

State
NSW 1,139,810 27.9 656,490 16.1 644,900 15.8 481,080 11.8 920,790 22.6 236,740 5.8 4,079,810
VIC 958,080 29.2 538,790 16.4 459,510 14.0 412,120 12.6 727,440 22.2 181,630 5.5 3,277,590
QLD 589,610 22.4 481,010 18.2 437,690 16.6 344,610 13.1 641,280 24.3 141,990 5.4 2,636,170
SA 214,890 22.2 157,400 16.3 161,820 16.7 117,470 12.1 263,120 27.2 52,630 5.4 967,350
WA 334,660 24.8 241,000 17.9 218,230 16.2 177,090 13.1 302,610 22.4 74,830 5.5 1,348,410
TAS 62,590 20.6 39,600 13.0 61,120 20.1 28,470 9.4 93,030 30.6 19,050 6.3 303,860
NT 20,710 23.2 15,220 17.0 15,580 17.4 10,310 11.5 21,090 23.6 6450 7.2 89,370
ACT 98,800 45.1 38,410 17.5 19,590 8.9 28,870 13.2 25,190 11.5 8070 3.7 218,940
Other 260 17.8 280 19.2 230 15.8 180 12.3 370 25.3 150 10.3 1460
Missing 59,180 30.3 38,700 19.8 25,160 12.9 29,260 15.0 28,820 14.7 14,270 7.3 195,400

Remoteness
Major cities 2,850,090 30.7 1,620,310 17.4 1,257,600 13.5 1,235,520 13.3 1,881,540 20.2 453,470 4.9 9,298,520
Inner regional 427,360 17.6 376,970 15.5 516,500 21.3 243,110 10.0 707,910 29.1 156,670 6.5 2,428,510
Outer regional 165,230 14.9 170,420 15.3 223,130 20.1 121,340 10.9 354,380 31.9 76,520 6.9 1,111,020
Rural or remote 32,360 14.1 36,330 15.8 42,500 18.5 27,260 11.9 73,650 32.1 17,390 7.6 229,480
Missing 3540 7.0 2890 5.7 4140 8.1 2220 4.4 6270 12.3 31,750 62.5 50,820

Country of birth
Australia or New Zealand 2,046,110 23.1 1,492,870 16.8 1,663,640 18.8 1,032,170 11.6 2,195,960 24.8 430,440 4.9 8,861,210
England, Ireland, North America 280,520 28.9 177,680 18.3 153,260 15.8 120,510 12.4 183,870 18.9 55,110 5.7 970,970
Africa 159,240 33.0 98,760 20.5 32,670 6.8 75,210 15.6 91,490 19.0 24,470 5.1 481,850
South East Asia 231,160 38.0 93,170 15.3 29,220 4.8 105,390 17.3 122,940 20.2 26,790 4.4 608,680
North East Asia 230,360 49.8 71,070 15.4 8970 1.9 91,140 19.7 44990 9.7 16,020 3.5 462,550
Southern Central Asia 305,360 56.8 90,380 16.8 14,540 2.7 65,450 12.2 39,630 7.4 22,610 4.2 537,990
South and Central America 41,130 40.5 23,180 22.8 6490 6.4 14,310 14.1 10,440 10.3 6120 6.0 101,660
Europe 134,080 19.3 107,630 15.5 88,500 12.7 78,310 11.3 232,050 33.4 54,310 7.8 694,870
Other Oceania 22,260 21.1 25,120 23.8 9680 9.2 21,040 20.0 20,680 19.6 6610 6.3 105,410
Missing 28,350 9.7 27,050 9.2 36,880 12.6 25,910 8.8 81,670 27.9 93,300 31.8 293,170

English proficiency
Speaks English well 3,429,380 27.3 2,162,800 17.2 2,019,020 16.1 1,524,800 12.1 2,787,640 22.2 635,230 5.1 12,558,880
Speaks English not well 40,170 9.3 36,920 8.5 17,290 4.0 97,550 22.6 216,610 50.1 23,860 5.5 432,390
Missing 9020 7.1 7190 5.7 7540 5.9 7110 5.6 19,490 15.3 76,730 60.4 127,070

Unpaid adult care giving
No care giving responsibilities 2,975,620 27.2 1,869,420 17.1 1,693,160 15.5 1,396,140 12.8 2,517,050 23.0 481,880 4.4 10,933,270
Care giver 470,650 26.1 308,930 17.1 316,270 17.5 201,020 11.1 419,560 23.2 90,180 5.0 1,806,590
Missing 32,310 8.5 28,570 7.5 34,420 9.1 32,310 8.5 87,110 23.0 163,740 43.3 378,470

Disability status
No disability 3,395,110 27.7 2,128,750 17.3 1,930,680 15.7 1,540,690 12.5 2,693,030 21.9 589,280 4.8 12,277,540
Disability 50,340 8.4 52,980 8.9 86,160 14.4 67,990 11.4 284,410 47.5 56,380 9.4 598,270
Missing 33,140 13.7 25,190 10.4 27,000 11.1 20,770 8.6 46,300 19.1 90,150 37.2 242,530

Note: Numbers and proportions are based on numbers that have been randomly perturbed to a number within 10. Education categories: highest education level (Bachelor's
degree or higher, irrespective of whether Year 12 was completed); intermediate to high (other post-secondary school qualification and completed Year 12); intermediate
education (other post-secondary school qualification but did not complete Year 12); low-intermediate education (no post-secondary school qualification but completed Year
12); lowest education level (no post-secondary school qualification and did not complete Year 12).
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1), then with adjusted for age (single years) and sex (Model 2), and
then additionally for state/territory, remoteness, country of birth,
English language proficiency, caregiving status and disability (Model
3). Given that not everyone in the study populationwas eligible for a
first dose of the vaccine from the beginning of the rollout, we con-
ducted sensitivity analyses re-estimating HRs for first dose following
study participants from the date at which everyone in the age group
was eligible under the national rollout. Supplementary analyses
examined rates of uptake in relation to education separately for men
andwomen and among people aged 90 years and older. We assessed
the proportional hazards assumption with visual inspection of
KaplaneMeier curves and logelog plots.

To reduce risk of disclosure, where absolute numbers of study
participants are reported, estimates are based on numbers
randomly perturbed to a number within 10.

Analyses were conducted through the ABS virtual DataLab using
Stata 15. Ethics approval for this study was granted by the Austra-
lian National University Human Research Ethics Committee
(reference number: 2022/345). Access to the data was via the ABS
Virtual DataLab.

Results

After applying inclusion and exclusion criteria, there were 13.1
million people in the study population (Table 1; flow diagram in
Supplementary Fig. 1). By 31 August 2022, 94% of the study popu-
lation had received a first dose of a COVID-19 vaccine and 80% of
those eligible had received a third dose (Supplementary Table 2).

For all age groups, rates of uptake of first and third dose were
lower among those who had lower compared to higher levels of
education, with absolute and relative inequalities larger among
those in the younger and mid- compared to older-age group
(Table 2; Figs. 1 and 2). However, the magnitude of the differences,
in absolute and relative terms, were substantially larger for third
dose compared to first.

For younger- andmid-age cohorts (30e59 years), rates of uptake
of the first dose were around 50% lower among those with low
compared to high education (HRs in this age group ranged from
0.44 to 0.55; Fig. 1; Table 2 Model 1). Relative rates were similar for
the third dose, with rates 50e60% lower among those with low
compared to high education (Fig. 2; Table 2 Model 1). For both the

Table 2
Hazard ratios (and 95% CI) describing inequalities in rates of uptake of first and third dose of a COVID-19 vaccination.

Age group and education level First dose Third dose

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

30e39 years
Highest education 1.00 1.00 1.00 1.00 1.00 1.00
High to intermediate 0.63 (0.62e0.63) 0.62 (0.62e0.63) 0.67 (0.67e0.67) 0.60 (0.60e0.60) 0.61 (0.61e0.62) 0.60 (0.60e0.61)
Intermediate 0.50 (0.49e0.50) 0.49 (0.49e0.50) 0.53 (0.52e0.53) 0.45 (0.44e0.45) 0.46 (0.46e0.46) 0.44 (0.44e0.44)
Intermediate to low 0.59 (0.59e0.59) 0.59 (0.59e0.59) 0.62 (0.62e0.63) 0.57 (0.56e0.57) 0.58 (0.58e0.58) 0.57 (0.57e0.57)
Lowest education 0.44 (0.43e0.44) 0.44 (0.43e0.44) 0.45 (0.45e0.46) 0.42 (0.41e0.42) 0.42 (0.42e0.43) 0.40 (0.40e0.41)
Test for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

40e49 years
Highest education 1.00 1.00 1.00 1.00 1.00 1.00
High to intermediate 0.63 (0.63e0.64) 0.63 (0.63e0.64) 0.67 (0.67e0.67) 0.66 (0.66e0.67) 0.67 (0.66e0.67) 0.67 (0.67e0.67)
Intermediate 0.52 (0.52e0.53) 0.52 (0.52e0.52) 0.55 (0.55e0.55) 0.54 (0.54e0.55) 0.54 (0.54e0.55) 0.54 (0.53e0.54)
Intermediate to low 0.59 (0.58e0.59) 0.58 (0.58e0.59) 0.60 (0.60e0.60) 0.61 (0.60e0.61) 0.60 (0.60e0.61) 0.60 (0.60e0.61)
Lowest education 0.47 (0.47e0.47) 0.46 (0.46e0.46) 0.48 (0.47e0.48) 0.50 (0.49e0.50) 0.49 (0.49e0.49) 0.49 (0.48e0.49)
Test for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

50e59 years
Highest education 1.00 1.00 1.00 1.00 1.00 1.00
High to intermediate 0.70 (0.70e0.70) 0.70 (0.70e0.70) 0.72 (0.72e0.72) 0.73 (0.73e0.74) 0.74 (0.73e0.74) 0.74 (0.74e0.75)
Intermediate 0.62 (0.62e0.62) 0.62 (0.62e0.62) 0.62 (0.61e0.62) 0.66 (0.65e0.66) 0.66 (0.65e0.66) 0.63 (0.63e0.63)
Intermediate to low 0.64 (0.63e0.64) 0.64 (0.63e0.64) 0.65 (0.64e0.65) 0.67 (0.66e0.67) 0.66 (0.66e0.67) 0.67 (0.67e0.68)
Lowest education 0.55 (0.55e0.55) 0.54 (0.54e0.54) 0.54 (0.54e0.54) 0.59 (0.59e0.6) 0.58 (0.58e0.59) 0.57(0.57e0.58)
Test for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

60e69 years
Highest education 1.00 1.00 1.00 1.00 1.00 1.00
High to intermediate 0.74 (0.74e0.75) 0.75 (0.74e0.75) 0.77 (0.77e0.78) 0.78 (0.77e0.78) 0.78 (0.78e0.78) 0.79 (0.79e0.80)
Intermediate 0.71 (0.71e0.72) 0.72 (0.71e0.72) 0.70 (0.70e0.71) 0.72 (0.72e0.73) 0.73(0.72e0.73) 0.70 (0.70e0.71)
Intermediate to low 0.67 (0.67e0.68) 0.67 (0.67e0.68) 0.71 (0.70e0.71) 0.69 (0.69e0.69) 0.69 (0.68e0.69) 0.73 (0.72e0.73)
Lowest education 0.64 (0.63e0.64) 0.63 (0.63e0.63) 0.64 (0.63e0.64) 0.65 (0.65e0.66) 0.64 (0.64e0.65) 0.65 (0.65e0.66)
Test for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

70e79 years
Highest education 1.00 1.00 1.00 1.00 1.00 1.00
High to intermediate 0.80 (0.80e0.81) 0.80 (0.79e0.80) 0.83 (0.82e0.83) 0.81 (0.81e0.82) 0.81 (0.81e0.82) 0.83 (0.82e0.83)
Intermediate 0.81 (0.81e0.81) 0.81 (0.80e0.81) 0.79 (0.79e0.79) 0.78 (0.78e0.79) 0.78 (0.78e0.79) 0.77 (0.76e0.77)
Intermediate to low 0.71 (0.70e0.71) 0.71 (0.70e0.71) 0.75 (0.75e0.76) 0.71 (0.71e0.72) 0.71 (0.71e0.72) 0.75(0.75e0.76)
Lowest education 0.70 (0.70e0.70) 0.70 (0.69e0.70) 0.72 (0.72e0.72) 0.67 (0.67e0.68) 0.67 (0.67e0.67) 0.70 (0.69e0.70)
Test for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

80e89 years
Highest education 1.00 1.00 1.00 1.00 1.00 1.00
High to intermediate 0.88 (0.87e0.89) 0.87 (0.87e0.88) 0.90 (0.89e0.91) 0.87 (0.86e0.88) 0.87 (0.86e0.88) 0.88 (0.87e0.89)
Intermediate 0.89 (0.88e0.90) 0.89 (0.88e0.90) 0.87 (0.86e0.87) 0.85 (0.84e0.86) 0.84 (0.83e0.85) 0.83 (0.82e0.84)
Intermediate to low 0.75 (0.74e0.76) 0.75 (0.75e0.76) 0.79 (0.79e0.80) 0.76 (0.75e0.77) 0.77 (0.76e0.77) 0.80 (0.79e0.81)
Lowest education 0.72 (0.72e0.73) 0.73 (0.72e0.73) 0.78 (0.77e0.78) 0.71 (0.70e0.71) 0.71 (0.71e0.72) 0.76 (0.75e0.76)
Test for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Notes: Model 1 is unadjusted. Model 2 is adjusted for age (in single years) and sex. Model 3 is further adjusted remoteness, country of birth, English proficiency, care giving
status and disability status. Education categories: highest education level (Bachelor's degree or higher, irrespective of whether Year 12 was completed); intermediate to high
(other post-secondary school qualification and completed Year 12); intermediate education (other post-secondary school qualification but did not complete Year 12); low-
intermediate education (no post-secondary school qualification but completed Year 12); lowest education level (no post-secondary school qualification and did not complete
Year 12).

J. Welsh, N. Biddle, D.C. Butler et al. Public Health 224 (2023) 82e89

85



Fig. 1. Crude proportions of the study population who received first dose of a COVID-19 vaccination over time. Notes: Day 0 is 21 February 2021, and the end of the study
period (31 August 2022) is day 556. The vertical solid line and the associated date indicate the date at which the age group was eligible for vaccine under the Federal Government
rollout program. Low education is defined as those who did not finish school and have no other qualifications. High education is defined as those who have a university qualification.
Figures with all education groups plotted are presented in Supplementary Fig. 5.

Fig. 2. Crude proportions of the study population who received third dose of a COVID-19 vaccination over time. Notes: Eligibility is based on date of second dose and national
rollout rules regarding timing of third dose. Low education is defined as those who did not finish school and have no other qualifications. High education is defined as those who
have a university qualification. Figures with all education groups plotted are presented in Supplementary Fig. 5.
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first and third doses, RRs were materially unchanged after
considering other sociodemographic characteristics (Table 2,
Models 2 and 3). Absolute differences in uptake of the first dose
were small across all time points of the rollout, and at 31 August
2022, gaps between high and low education ranged from 3.7 per-
centage points (50e59 years, 92.7% vs 96.4%) to 11 percentage
points (30e39 years, 96.4% vs 85.8%) (Table 3). In contrast,
education-related gaps in uptake of the third dose were substantial
across the rollout, and as of 31 August 2022 ranged from 15 per-
centage points for those aged 50e59 years (89.2% vs 74.2%) and 32
percentage points for those aged between 30 and 39 years (45.9% vs
78.2%) (Table 3).

Among older adults (60e89 years), uptake of first and third dose
was high. Rates were between 36% and 28% lower among those
with low compared to high education for first dose and between
35% and 29% lower for third dose (Figs. 1 and 2; Table 2 Model 1),
and were materially unchanged after considering other socio-
demographic characteristics (Table 2, Models 2 and 3). For both first
and third dose among this age group, absolute differences were
small (Table 3). For first dose, education-related gaps ranged from
2.2 percentage points (94.3% vs 96.5%) to 1.2 percentage points
(95.9% vs 97.1%) for people aged 80e89 years at the end of the study
period. For third dose, absolute gaps at 31 August 2022 ranged from
3.3% among those aged 80e89 years (93.3% vs 96.6%) to 8.3% (85.1%
vs 93.4%) among those aged 60e69 years.

Relative rates for first dose uptake were similar when the
regression analysis was restricted to time periods when all mem-
bers of the age cohort were eligible under the dates of the national
plan (see Supplementary Table 3). Age-specific patterns of results
were also not materially different by sex although effect sizes were
somewhat larger for men compared to women (Supplementary
Figs. 2 and 3; Supplementary Tables 4 and 5). Findings for those
aged 90 years and older were similar to those aged 80e89 years
(Supplementary Fig. 4; Supplementary Table 6).

Discussion

Using whole-of-population linked data, we found inequalities in
rates of uptake of COVID-19 vaccination according to level of edu-
cation, with absolute differences in uptake considerably larger for
third dose compared to first, where there was more discretion in
the decision to receive a vaccination. Among older age cohorts,
uptake of third dose was high and educational differences were
small. However, among the younger and middle age cohorts, low
overall uptake of vaccines was, to a large extent, a reflection of
much lower uptake among those with low levels of education.
Absolute gaps between high and low education in third dose were

substantial, being as large as 32 percentage points among those
aged 30e39 years, and did not close over the study period.

Socio-economic inequalities in COVID-19 vaccine uptake have
been observed in other countries,16 including England,17 Israel18

and Italy.19 A systematic review of inequalities in COVID-19 vacci-
nation revealed that people of low socio-economic position,
including people on low incomes or living in low-income house-
holds, were less likely to receive a vaccine.20 Our finding that up-
take was higher overall for doses included on vaccine certificates is
also consistent with international evidence.21,22 To our knowledge,
ours is the first study to examine changes in inequalities over time
and, in particular, the extent to which inequalities may be exacer-
bated where there is greater discretion in the choice to be vacci-
nated. However, one study in the USA among health care workers
found that in settings where vaccination was required, uptake of
COVID-19 vaccines was higher (90.5% compared to 73.3%) andmore
equitable across sociodemographic subgroups, including in relation
to education level, poverty and insurance status.23

Prior to the introduction of COVID-19 vaccination certificates,
numerous people raised concerns about their potential to exacer-
bate existing social inequalities.7 Our findings show that in the
Australian context, there was high overall uptake and smaller
education-related inequalities in first dose, the period in which
there were vaccination certificates in the decision to be vaccinated,
compared to third doses. Decisions to seek out and capacity to
access vaccines are complex, reflecting a combination of personal,
social and practical factors.24 Acknowledging that differences in
uptake of first and third doses are likely to reflect a number of
interacting factors,24 our findings suggest that policies that reduced
discretion in the decision to receive a vaccine (including certificates
andmandates) did not exacerbate inequalities in uptake of vaccines
and, in fact, may have contributed towards achieving the dual
public health aims of increasing overall uptake and minimising
socio-economic inequalities.

Our finding that education-related inequalities were larger for
third compared to first dose, where there was more discretion and
less sense of urgency in receiving a third dose, is consistent with
evidence that social inequalities are greater where there is more
discretion in health care. There are likely many reasons underpin-
ning this, including socio-economic differences in health literacy
and structural barriers affecting ease of access to vaccines. For
example, previous research has shown that people of lower SEP are
more likely to be concerned about the safety of the vaccine and
have a lower perception of personal risk if infected with the virus
that causes COVID-19.25,26

Policies that limit a person's capacity to make decisions in their
health care are generally reserved for personal and public health
emergencies. Given this, Australia is unlikely to see the return of

Table 3
Gaps in uptake of vaccines between those with high and low levels of education by 10-year age group, at 31 August 2022.

Age group First dose Third dose

Highest
education

Lowest
education

Difference Highest
education

Lowest
education

Difference

% % % % % %

30e39 years 96.4 85.8 10.6 78.2 45.9 32.3
40e49 years 96.2 89.4 6.8 83.9 59.6 24.3
50e59 years 96.4 92.7 3.7 89.2 74.2 15.0
60e69 years 96.5 94.3 2.2 93.4 85.1 8.3
70e79 years 96.9 95.7 1.2 96.0 92.1 3.9
80e89 years 97.1 95.9 1.2 96.6 93.3 3.3

Education categories: highest education level (Bachelor's degree or higher, irrespective of whether Year 12was completed); intermediate to high (other post-secondary school
qualification and completed Year 12); intermediate education (other post-secondary school qualification but did not complete Year 12); low-intermediate education (no post-
secondary school qualification but completed Year 12); lowest education level (no post-secondary school qualification and did not complete Year 12).
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mandated COVID-19 vaccinations for anyone other than those
working with the most vulnerable groups. Our findings underscore
the importance of understanding the social and structural pro-
cesses involved in the decision-making process, particularly as
there is likely to be greater discretion in decisions regarding COVID-
19 vaccines in the future. Strategies addressing socio-economic
gradients in barriers to receiving vaccines will be crucial. This in-
cludes addressing structural and attitudinal barriers that are more
common among relatively disadvantaged populations,27 and
ensuring that communications regarding the risk and benefits of
vaccinations (including those beyond the individual) are accessible
for all members of the population. These strategies could boost
uptake of COVID-19 vaccines further,25 with the additional benefit
of reducing socio-economic inequalities in coverage.

To our knowledge, this is the first study to investigate change
in socio-economic inequalities in COVID-19 uptake over time, to
examine the extent to which changes are associated with
discretion in the choice to be vaccinated. This whole-of-
population study used linked administrative data and was able
to compare socio-economic inequalities in uptake of the same
vaccine over time incorporating different policies and COVID-19
contexts. We had extremely high (>99%) linkage rates between
AIR and the MADIP Spine, indicating virtually complete ascer-
tainment of vaccination among the study population, and little
evidence of differences in linkage in relation to key sociodemo-
graphic characteristics. Using information on Census 2016
allowed us to investigate differences according to education level
and the extent to which educational differences were explained
by a range of other characteristics. However, these characteristics
were measured at least 4 years prior to the start of the rollout,
and some characteristics may have changed by the time the
rollout began. Use of Census 2016 also necessitated limiting our
investigation to adults aged at least 30 years (25 years at the time
of Census 2016). We observed relatively low linkage rates to
migration data, resulting in likely incomplete removal of people
from the study population who left the country before and
during the follow-up period and relied on provisional death data
for 2022. As a result, some people erroneously included in our
study population will appear as though they had not received a
vaccination, reducing over rates of uptake. It is unclear to what
extent these errors in population scoping are differential with
respect to education, and therefore their effect on our inequality
estimates is uncertain. Furthermore, we were unable to account
for infection with COVID-19, which affects the recommended
timing of third dose.28 Given that infection rates have been
higher among people of low socio-economic status,29 it is likely
that we have overestimated inequality in rates of uptake of third
dose. However, our finding that gaps persisted past 300 days
since first becoming eligible suggests that the inequalities are
substantial. Finally, it should be noted that our finding that
reduced discretion did not exacerbate existing inequalities based
on education does not necessarily extend to people from other
marginalised communities.

Conclusion

We observed large differences in uptake of COVID-19 vaccines
according to highest level of education, particularly for third dose,
where there was greater discretion in uptake. Our findings high-
light the importance of structural and social processes for facili-
tating uptake and indicate potential to optimise uptake further,
particularly for younger and middle-aged adults. Given that
education-related gaps in uptake of third dose are not closing,
additional strategies to address structural and attitudinal barriers
will be required to address these gaps.
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a b s t r a c t

Objective: We aimed to determine how municipal subsidies for seasonal influenza vaccines for the
elderly affected vaccination coverage and health outcomes and how responses to vaccine prices changed
during the COVID-19 pandemic.
Study design and methods: This ecological study includes 1245 municipalities in Japan between 2019 and
2020. Fixed-effects regression analysis was performed to evaluate the effect of influenza vaccine cost
subsidy for people aged 65 years or older on vaccination coverage, all-cause mortality, and influenza-
related mortality.
Results: The vaccination rate increased when patients' copayments decreased, and reducing the
copayment by 1000 Japanese Yen (JPY) was estimated to increase the vaccination rate by 6.3% (95%
confidence interval [CI] 4.5e8.2%) in the adjusted model. When examining the additional effect of a zero
price compared to a nearly zero price, we found that a zero price increased the immunization rate by
6.4% (95% CI 1.4e11.5%). The effect of copayment on the increase in vaccination coverage was significantly
lower during the pandemic than in the pre-pandemic period. The municipal and prefectural analyses
found no association between influenza vaccine copayments and all-cause, influenza, or pneumonia
mortality.
Conclusion: Cost subsidies and the zero-price effect were shown to increase vaccination coverage but
were not associated with relevant mortality measures. Although the impact was attenuated under
pandemic conditions, cost subsidy effectively increases the vaccination rate.
© 2023 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

In the era of the COVID-19 pandemic, influenza prevention
became more critical to avoid concurrent outbreaks of the two
diseases. On 21 September 2020, the World Health Organization
(WHO) recommended influenza vaccines for high-risk older adults
aged 65 years or older during the pandemic.1 In response to this
WHO recommendation, the Japanese government introduced a
new policy to emphasize prioritization for influenza vaccination of
the elderly in October 2020, just as the third wave of COVID-19
arrived and the influenza season was beginning.2,3 Since each
municipality decided on the actual policy package, some munici-
palities decided to increase subsidies for influenza vaccination costs
or to provide free vaccination in response to the government

policy.4 Consequently, the amount of subsidy varied greatly by
municipality.3

Vaccine campaigns and improved access to vaccines are known
to increase vaccination coverage.5,6 However, the impact of vacci-
nation costs is mixed. Some studies reported that deductions in
vaccination costs were associated with higher vaccination
coverage.7,8 Another study reported that there were heterogeneous
effects between urban and rural areas, and lower vaccine prices did
not increase national vaccine demand.9 Furthermore, there is little
evidence of the effect of cost subsidies during unprecedented
pandemics such as COVID-19. As the willingness to take preventive
action may differ during pandemics and non-pandemics, it is
essential to examine the effectiveness of influenza vaccine sub-
sidies under COVID-19. In this study, we assessed how municipal
subsidies for seasonal influenza vaccines for the elderly affected* Corresponding author. Tel.: þ81333531211; fax: þ81353636579.
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vaccination coverage and health outcomes and how responses to
vaccine prices changed during the COVID-19 pandemic.

Methods

Study sample

We conducted the analysis using two administrative units:
municipalities and prefectures. This was an ecological study of 1741
municipalities of 47 prefectures in Japan, which have the authority
to determine the amount of vaccine cost subsidies. We searched
eachmunicipality's website and archived public relationmagazines
to determine the subsidy amount for vaccines for older adults aged
65 years or older for the 2019/2020 and 2020/2021 influenza sea-
sons. In some municipalities, the exact amount of vaccine copay-
ment was not directly observed because only the information on
subsidy was available. In these cases, the estimated vaccine
copayment was used as the explanatory variable. The estimated
vaccine copayment was calculated by assuming a cost of 3500 yen
per vaccination based on the national average price paid for the
vaccine without subsidy at medical institutions.3,10 Although the
cost of vaccines may have regional variations, the standard devia-
tion of costs from the survey was 140 yen, suggesting that regional
price variations are relatively small.10 In the prefectural-level
analysis, we obtained the weighted average of copayment for
vaccination using the number of older adults as the weight.

Measure

This study focused on 2019 and 2020 as the study period. Pop-
ulation data for each prefecture and municipality were as of
January 1 of each year.11 We used the 2019 statistics for each
municipality's baseline data (e.g., area and aging rate).12,13 Data on
influenza vaccination rates of each municipality was calculated
based on the number of doses from April 1 to March 31 of the
following year, which is the fiscal year of Japan's administrative
units.14 Influenza morbidity was monitored at only in 5000 desig-
nated sentinel medical facilities in Japan, and data on the epidemic
status are provided only by prefecture and are not available for each
municipality. Instead, crude mortality and influenza-related mor-
tality were selected as indicators of health outcomes of influenza
vaccination. Mortality from influenza and pneumonia were used as
influenza-related mortality outcomes. All data on death-related
outcomes were derived from Vital Statistics in Japan, which are
aggregated and provided from January 1 to December 31 of each
year. For the municipality-level analysis, the all-cause mortality
rate per 1000 older adults was used as the outcome since data on
the causes of death were only available at the prefectural level. For
the prefecture-level analysis, mortality per 100,000 people for
influenza, pneumonia and all-cause were also calculated. In addi-
tion, we calculated the total number of excess deaths in each pre-
fecture from September to the following April to consider excess
deaths due to influenza. We tabulated excess mortality based on
data generated by the Farrington algorithm that is made available
by the National Institute of Infectious Diseases.15,16 Using the al-
gorithm, the cumulative number of deaths that exceeded or fell
short of the estimated number of deaths from September to April of
the following year was calculated, and the excess mortality rate per
10,000 population was used as an alternative health outcome.

We also collected data on the number of people infected with
COVID-19 as a factor affecting vaccine coverage.17 Data as of
September 1, 2020, were used for the number of COVID-19 cases, as
each municipality announces its subsidy for influenza vaccination
around September of each year. This study used open data from

central and local governments and did not contain personal infor-
mation; thus, approval by an ethics committee was not required.

Statistical analysis

We conducted analyses using municipality-level data as well as
prefecture-level data. As for municipality-level analysis, we
analyzed panel data on each municipality's vaccine copayment,
vaccination rates, andmortality among older adults. The dependent
variables were logarithm-transformed in the analysis; therefore,
the estimated value of b approximates the impact in terms of a
percent change in the objective variable. The mortality data for
older adults contained zeros; therefore, one was added to the data,
and a logarithmic transformation was performed. Regression
analysis was conducted using a fixed-effects model for each mu-
nicipality with vaccination rates (%) and the number of deaths per
1000 older adults as dependent variables, as well as vaccine
copayment in thousand yen as the explanatory variables. We used
four models. The baseline model is expressed by model 1, where Y
shows the dependent variable, and Cost shows the copayment of
vaccination. The annual fixed effect for 2020 is Y2020; t shows
time; and i indicates municipality. The intercept for each munici-
pality (i.e., themunicipality fixed effect) is ai; bs are the coefficients,
and ε is the error term.

Model 1.

Yi;t ¼ b0 þ b1Costi;t þ b2Y2020t þ b3Costi;t � Y2020t þ ai þ εi;t

Model 2 further includes prefecture-specific time trend gjt to
account for differences to control for COVID-19 infection rates and
corresponding policies at the prefecture level. j indicates
prefecture.

Model 2.

Yi;t ¼b0 þ b1Costi;t þ b2Y2020t þ b3Costi;t � Y2020t þ ai

þ gjt þ εi;t

A free price is known to have more significance than a price of
almost zero. When prices are free, people tend to be loss averse and
they do not want to miss the opportunity to get it for free. Thus,
offering vaccinations for free (zero price) not only affects demand
based on the standard price effect but also introduces an additional
influence, leading to an even greater impact on the overall demand
for vaccination.18 Model 3 examines how zero prices affect the
outcome: the so-called zero-price effect. The indicator variable that
takes unity when vaccine copayment is zero is 1 (Costi;t ¼ 0). The
coefficient to examine the effect of free vaccination is d1. If d1 >0,
there is an additional effect of the vaccines' being free.

Model 3.

Yi;t ¼b0 þ b1Costi;t þ b2Y2020t þ b3Costi;t �Y2020t
þ d11

�
Costi;t ¼ 0

�þ d21
�
Costi;t ¼0

��Y2020tþai þ εi;t

Finally, Model 4 is an analogy of Model 2 with zero-price effects.
Model 4.

Yi;t¼b0þb1Costi;tþb2Y2020tþb3Costi;t�Y2020t
þd11

�
Costi;t¼0

�þd21
�
Costi;t¼0

��Y2020t þaiþgjtþ εi;t

In addition to the main analysis, we performed single-year
cross-sectional analysis for 2019 and 2020, separately.

Some of the outcome variables were available only at the
prefecture-level analysis. These outcomes include deaths due to
influenza, pneumonia, and excess mortality. For these outcomes as
well as vaccination coverage, we performed prefectural analyses by
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replacing the municipality-level fixed effects with prefecture-level
fixed effects. We performed the analysis for vaccination coverage,
total deaths, deaths due to influenza, and pneumonia with log-
transformation and for excess mortality without log-
transformation. All analyses were conducted using RStudio
Version 1.4.1717, and P < 0.05 was considered statistically
significant.

Results

Municipality-level analysis

Of the 1741 surveyed municipalities, 1245 municipalities
(71.51%) provided the information about vaccine subsidy in both
2019 and 2020, and these municipalities were analyzed. Vaccine
copayments were reduced in 636municipalities from 2019 to 2020.
Comparisons between municipalities with and without reductions
in a patient's vaccine copayment are shown in Table 1. The median
vaccine copayment decreased from 1500 JPY (Japanese Yen) in 2019
to 500 JPY in 2020. The average national influenza vaccine coverage
for older adults significantly increased from 54.89% in 2019 to
67.32% in 2020 (P < 0.001). Municipalities with reduced vaccine
copayments between the two years had lower aging rates, higher
population densities, higher per capita taxable income, lower
influenza vaccination rates in 2019, and more COVID-19 infection.
Meanwhile, the vaccination rate in 2020 was significantly greater in
municipalities with copayment reduction than in those without a
change (68.23% vs 66.37%, P < 0.001), whereas the vaccination rate
in 2019 was the opposite. The number of deaths per 1000 older
adults was lower in municipalities with copayment reductions in
2019 and 2020.

Fig. 1a illustrates a linear approximation of the relationship
between seasonal influenza vaccination coverage and vaccine
copayment among older adults. The fitted line of linear regression
of vaccination rates by copayment shows that vaccination rates
tend to decline as vaccine copayment increases in both years.
Table 2 shows the regression analysis results using fixed-effects
models (models 1 and 2) to examine the effects of year and
copayment on vaccination rates and mortality. Reducing the
copayment by 1000 JPY was estimated to increase the vaccination
rate by 8.9% (95% confidence interval [CI] 7.5e10.3%) in the baseline
year (i.e., 2019) in the unadjusted model and by 6.3% (95% CI
4.5e8.2%) in the adjustedmodel, respectively. The coefficient of the
interaction term is positive, indicating that the negative correlation
between vaccine copayments and vaccination coverage was
significantly lower in 2020 than in 2019 and that the effect of

copayment decreased during the pandemic. In addition, vaccina-
tion rates increased significantly in 2020 from the level in 2019.
Similar results were obtained in the single-year analysis (eTable1).

The results of the regression analysis using fixed-effects models
that examined the zero-price effect of copayment for the vaccine
(models 3 and 4) are shown in Table 2. The adjusted model (model
4) shows that the zero price is associated with a higher vaccination
rate for the baseline year. Compared to the near-zero copayment
value, the free price is estimated to increase vaccination coverage
by 5.1% (95% CI 0.7e9.5%) in the unadjusted model and 6.4% (95% CI
1.4e11.5%) in the adjusted model, respectively. The estimated
magnitude of the zero-price effect on the vaccination rate was not
significantly different in 2019 and 2020.

Regression analysis, including the effects of eachmunicipality in
a fixed-effects model, showed no significant association between
vaccine copayment and all-cause mortality for older adults in the
baseline year. These findings persisted even after adjusting for
prefectural-level effects (Table 3; Fig. 1b).

Compared to the previous year, 2020 had lower deaths per
100,000 persons for influenza and pneumonia but no change in
total deaths. Analysis using a fixed-effects model using prefecture-
level data also showed that lower copayment for vaccines was
associatedwith higher vaccination coverage (eTable2). However, no
association was found between copayment and crude or age-
adjusted mortality rates for total mortality, influenza, or pneu-
monia (Table 4; eFigure 2). There was no association between
excess mortality during the influenza season and average copay-
ments on a prefectural level (eTable 4; eFigure 2). Eleven pre-
fectures offered free copayments for seasonal influenza vaccines for
persons aged 65 years and older on a prefectural basis (not shown
in the table).

Discussion

The influenza vaccination rate among older adults was 12.16%
higher in 2020 than in 2019. Regression analysis revealed that the
vaccination rate was significantly higher in 2020, indicating that
individuals were more willing to get vaccinated as a countermea-
sure to the COVID-19 pandemic. As previously reported, munici-
palities had varied reductions in vaccine copayments.3 Our data
showed that low vaccination coverage in 2019 and a high number
of COVID-19 cases as of September 2020 were shown as charac-
teristics of municipalities that reduced their vaccine copayment in
2020. These municipalities might have recognized the pandemic
threat and implemented promotions to increase vaccination rates,
which resulted in lowering copayment. Besides reducing vaccine

Table 1
Comparison of variables between municipalities with and without changes in the copayment between 2019 and 2020.

Overall Unchanged Reduced copayment P-value

N 1245 609 636
Copayment in 2019 (JPY, median [IQR]) 1500.00 [1000.00, 1600.00] 1490.00 [1000.00, 1500.00] 1500.00 [1000.00, 1600.00] 0.002
Copayment in 2020 (JPY, median [IQR]) 500.00 [0.00, 1500.00] 1500.00 [1000.00, 1500.00] 0.00 [0.00, 0.00] <0.001
Aging rate (%, mean (SD)) 33.06 (7.13) 33.96 (6.51) 32.21 (7.59) <0.001
Population (median [IQR]) 31475.00 [12345.00, 75843.00] 26410.00 [10889.00, 60029.00] 37424.00 [14538.00, 90912.00] <0.001
Area (km2, median [IQR]) 110.02 [43.11, 261.31] 144.74 [65.68, 326.50] 76.13 [30.00, 203.06] <0.001
Population density (/km2, median [IQR]) 260.53 [89.92, 1046.49] 197.24 [71.16, 512.32] 492.72 [113.17, 2110.10] <0.001
Taxable per capita in 2019 (Thousand JPY, median [IQR]) 1238.32 [1060.97, 1440.85] 1189.35 [1046.54, 1356.57] 1297.79 [1078.39, 1522.54] <0.001
COVID-19 infection rate in Sep/2020 (/100,000, mean (SD)) 38.62 (35.57) 26.51 (23.54) 50.22 (40.90) <0.001
Vaccination rate in 2019 (%, mean (SD)) 54.86 (8.03) 56.63 (7.77) 53.16 (7.90) <0.001
Vaccination rate in 2020 (%, mean (SD)) 67.32 (7.29) 66.37 (7.12) 68.23 (7.34) <0.001
Difference in vaccination rate (%, mean (SD)) 12.46 (6.09) 9.74 (4.33) 15.07 (6.38) <0.001
Mortality of older people in 2019 (/1000, mean (SD)) 38.24 (6.95) 38.84 (6.42) 37.67 (7.38) 0.003
Mortality of older people in 2020 (/1000, mean (SD)) 36.96 (5.42) 37.30 (5.18) 36.64 (5.62) 0.031

JPY, Japanese Yen; IQR, interquartile range; SD, standard deviation.

T. Ando, Y. Ibuka, R. Goto et al. Public Health 224 (2023) 152e158

154



copayments, governments used publicity during the pandemic to
increase awareness about health risks. Older adults may have had
increased vaccination rates because they believed in the efficacy of
vaccines and followed advice from their primary care physicians
and government promotions.19,20 This is consistent with the
worldwide trend of increasing influenza vaccine coverage after the
start of the COVID-19 pandemic.21

This study was conducted using data from Japan, where a uni-
versal health insurance program exists. In Japan, irrespective of
one's nationality, every resident is automatically enrolled in the
national health insurance and long-term care insurance

programs.22 These programs guarantee equal access to medical
treatment for all individuals, in principle, with the same copayment
requirements. This means that virtually every resident in Japan
experiences identical financial burdens when gets infected with
influenza. The institutional setting eliminates the influence of dif-
ferences in healthcare costs for treatment on demand for vaccina-
tion, allowing us to examine the pure cost effects of influenza
vaccination on vaccine demand.

Previous research showed that copayment influences influenza
vaccination coverage, but the magnitude of the effect is not sig-
nificant.7,8 In our study, vaccination rates were negatively

Fig. 1. Relationship between copayments, vaccination rates, and mortality rates at the municipal level. JPY, Japanese Yen.

Table 2
Effects of influenza vaccine copayment on vaccination coverage in municipal-level analysis.

Unadjusted model Adjusted model

Estimate (95% CI) P-value Estimate (95% CI) P-value

Models 1 & 2
Copayment (1000 JPY) �0.089 (�0.103e0.075) <0.001 �0.063 (�0.082e0.045) <0.001
Year dummy 0.135 (0.116e0.155) <0.001 0.133 (0.081e0.184) <0.001
Copayment � Year dummy 0.019 (0.005e0.033) 0.009 0.027 (0.010e0.044) 0.002
N 2477 2477
Adjusted R2 0.51338 0.54113
Model 3 & 4 (With zero price effect)
Copayment (1000 JPY) �0.072 (�0.091e0.053) <0.001 �0.043 (�0.068e0.018) <0.001
Year dummy 0.123 (0.091e0.156) <0.001 0.086 (0.023e0.149) <0.001
Zero-price effect 0.051 (0.007e0.095) 0.022 0.064 (0.014e0.115) 0.013
Copayment � Year dummy 0.028 (0.005e0.050) 0.015 0.017 (�0.007e0.041) 0.157
Zero-price effect � Year dummy �0.011 (�0.058e0.036) 0.649 �0.047 (�0.096e0.002) 0.059
N 2477 2477
Adjusted R2 0.51553 0.54278

CI, confidence interval; JPY, Japanese Yen.

Table 3
Effects of influenza vaccine copayment on all-cause mortality among individuals aged 65 years or older in municipal-level analysis.

Unadjusted model (Model 1) Adjusted model (Model 2)

Estimate (95% CI) P-value Estimate (95% CI) P-value

All-cause mortality (/1000 older adults)
Copayment (1000 JPY) 0.007 (�0.008e0.022) 0.395 0.014 (�0.006e0.034) 0.181
Year dummy �0.013 (�0.034e0.008) 0.222 0.009 (�0.057e0.075) 0.553
Copayment� Year dummy �0.016(�0.032e0.000) 0.043 �0.023 (�0.042e0.004) 0.018
N 2490 2490
Adjusted R2 �0.90485 �0.89348

CI, confidence interval; JPY, Japanese Yen.
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correlated with copayment in a fixed-effects model that considered
the variation among municipalities. It was estimated that lowering
the copayment for vaccines by 1000 JPY increased the vaccination
rate by 6.3%. Assuming the initial vaccination rate of 55%, based on
the national average vaccination rate in 2019, a vaccine cost subsidy
of 1000 JPY per person would be expected to increase the vacci-
nation rate by 3.47 percentage points. The impact of copayment
estimated in this study on vaccination rates was greater than that
reported in previous studies.7,8 Although we have not performed a
cost-benefit analysis due to limitations in data availability, previous
studies have shown that influenza vaccines for the elderly can save
healthcare costs in cost-effectiveness analyses in other coun-
tries.23,24 The results of this study can be utilized by municipalities
to develop specific policies on howmuch they should subsidize the
cost to achieve a determined goal for vaccination rates.

Our results showed that copayment amounts had less influence
on vaccine coverage in 2020 compared to 2019. The increased public
awareness of health risks likely reduced the impact of financial in-
centives on the decision to vaccinate. Similarly, attitudes toward
vaccines changed before and after past influenza pandemics.8,25,26

Our results are consistent with other studies that show that per-
ceptionsof the influenzavaccinehave changed since thebeginningof
COVID-19, and the willingness to be vaccinated has increased.27,28

The zero-price effect was originally studied in the field of
behavioral economics, and people have a different decision-making
reference point when the price is zero, which has an effect beyond
the absolute value of the price difference.18 The zero-price effect
has also been studied in the healthcare field, where it has been
shown to affect health insurance choices and the behavior around
pediatric medical visits.29,30 The few studies that have been done
examining the zero-price effect on vaccinations have not demon-
strated its impact.31,32 This study showed that the magnitude of the
zero-price effect on the influenza vaccination rate increase is sub-
stantial, estimated to be at 6.4%. This finding seems to suggest that
free immunizations would increase coverage compared to a price
point of almost free.

The influenza vaccine has reduced influenza, pneumonia, hos-
pitalization, and mortality among older adults.33,34 However, our
study found that vaccine copayments did not change health out-
comes in both 2019 and 2020, as measured by the crude mortality
rate per 1000 persons aged 65 years and older. Similarly, in the
prefectural-level analysis, there was no association between

vaccine copayment and influenza, pneumonia, or total mortality.
Apart from the increase in vaccine rates, there could be fewer
influenza outbreaks and a significant reduction in influenza deaths
in 2020 because of the precautious behavior during the COVID-19
pandemic: the use of masks, thorough hand hygiene, and refrain-
ing from being around other people.35 Similar trends have been
reported in different countries and for other viral respiratory tract
infections.36e38 Previous systematic reviews of influenza vaccine
effectiveness in older adults have demonstrated a reduction in
mortality from influenza, pneumonia, and cardiovascular/respira-
tory disease but no reduction in all-cause mortality; other recent
retrospective cohort studies have shown that vaccines reduce all-
cause mortality.39 This demonstrates a discrepancy between the
predictions of previous studies examining the efficacy of vaccines
and the actual mortality rates obtained from epidemiologic infor-
mation.40 There are several possible explanations: First, since all-
cause mortality is a nonspecific outcome, it cannot be lowered by
the influenza vaccine alone. For example, even if the number of
deaths due to the influenza virus may have decreased, the overall
mortality rate might not have changed because of the increase in
deaths due to COVID-19 in the same municipality. Second, the
vaccine only suppresses mortality during the influenza pandemic
period and thus has less impact on the annual mortality rate.40 In
this study, mortality data were compiled from January 1 to
December 31 of each year, but the influenza epidemic season in
Japan is from September to around April of the following year.
Therefore, it is possible that the effect of the vaccine subsidy could
not be detected because the data do not reflect the period during
which the vaccine is effective. Our additional analysis for excess
mortality during influenza season also failed to demonstrate the
effectiveness of vaccine subsidies. This is because the prefectural-
level analyses offset differences in subsidies at the municipal
level. Third, RCTs and cohort studies are susceptible to selection
bias based onwillingness to vaccinate. Therefore, their results could
be different from those of studies covering the entire population
using mortality statistics, such as this study.

There are several limitations of this study. First, this study was
not able to consider the influence of population migration between
municipalities in 2019 and 2020. However, demographic data
showed that population migration between municipalities was
2.7% lower in 2020 than in 2019, suggesting that the influence of
population shift due to the COVID-19 pandemic was relatively
small.41 Second, data on the number of COVID-19 cases and sta-
tistics about the cause of death were only available at the prefecture
level, not the municipal level, which might have offset differences
in cost subsidies for the vaccine in individual municipalities. Third,
we only collected data on subsidizing the cost of the vaccination,
not other policies to increase vaccination rates, such as improved
access to vaccinations, publicity, and changes to the overall
healthcare system in response to the COVID-19 pandemic, such as
increased numbers of hospital beds. These non-cost policies should
be factored in to determine whether cost subsidies are a truly
effective and efficient way to increase influenza vaccination rates or
reduce influenza mortality.

Conclusion

Vaccination coverage among older adults increased when pa-
tients had to provide a lower copayment for influenza vaccines.
Furthermore, we observed a zero-price effect, an add-on effect of
making the vaccine cost-free. The effect of subsidies was reduced
but still significant during the COVID-19 pandemic. We did not find
an association between vaccine subsidies and several mortality
measures. Our results suggest that vaccination subsidies could be
an effective tool to increase vaccination coverage during a

Table 4
Effects of influenza vaccine copayment on mortality due to influenza, pneumonia,
and all-cause in prefectural-level analysis.

Mortality

Estimate (95% CI) P-value

Influenza
Copayment (1000 JPY) �0.281 (�0.619e0.057) 0.11
Year dummy �1.616 (�2.121e1.110) <0.001
Copayment * Year dummy 0.157 (�0.196e0.510) 0.388
N 94
Adjusted R2 0.87345
Pneumonia
Copayment (1000 JPY) 0.010 (�0.051e0.070) 0.756
Year dummy �0.187 (�0.278e0.096) <0.001
Copayment� Year dummy 0.000 (�0.063e0.064) 0.99
N 94
Adjusted R2 0.83023
All-cause death
Copayment (1000 JPY) �0.006 (�0.022e0.011) 0.518
Year dummy �0.014 (�0.039e0.011) 0.284
Copayment� Year dummy �0.004 (�0.021e0.014) 0.693
N 94
Adjusted R2 �0.19406

CI, confidence interval; JPY, Japanese Yen.
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pandemic like COVID-19, and making the price zero would poten-
tially produce an additional effect.
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a b s t r a c t

Objectives: This study aims to create an enhanced EPIRISK tool in order to correctly predict COVID-19
severity in various countries. The original EPIRISK tool was developed in 2018 to predict the epidemic
risk and prioritise response. The tool was validated against nine historical outbreaks prior to 2020.
However, it rated many high-income countries that had poor performance during the COVID-19
pandemic as having lower epidemic risk.
Study design: This study was designed to modify EPIRISK by reparameterizing risk factors and validate
the enhanced tool against different outbreaks, including COVID-19.
Methods: We identified three factors that could be indicators of poor performance witnessed in some
high-income countries: leadership, culture and universal health coverage. By adding these parameters to
EPIRISK, we created a series of models for the calibration and validation. These were tested against non-
COVID outbreaks in nine countries and COVID-19 outbreaks in seven countries to identify the best-fit
model. The COVID-19 severity was determined by the global incidence and mortality, which were
equally divided into four levels.
Results: The enhanced EPIRISK tool has 17 parameters, including seven disease-related and 10 country-
related factors, with an algorithm developed for risk level classification. It correctly predicted the risk
levels of COVID-19 for all seven countries and all nine historical outbreaks.
Conclusions: The enhanced EPIRSIK is a multifactorial tool that can be widely used in global infectious
disease outbreaks for rapid epidemic risk analysis, assisting first responders, government and public
health professionals with early epidemic preparedness and prioritising response to infectious disease
outbreaks.
© 2023 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The rapid risk analysis tool EPIRISK was initially developed in
2018 as a generic epidemic risk analysis tool, building from an
earlier Ebola-specific risk analysis tool.1 The tool used country-
related variables related to sociodemographic factors, geograph-
ical factors and health systems, and disease-specific variables such
as infectiousness, case fatality rate (CFR) and availability of drugs
and vaccines (Supplementary S.Table 1). The EPIRISK tool was
developed to calculate the overall risk score for infectious disease
outbreaks, using country-related and disease-related parameters to
classify the epidemic risk as low, moderate, high and extreme.2 The
tool was validated against historical outbreaks, and results showed

that the risk score correlated well with outbreak severity for epi-
demics prior to 2020.2

SARS-COV-2 firstly emerged in China in December 20193 and
rapidly became a pandemic. As of July 17, 2023, the COVID-19
pandemic has resulted in more than 767.97 million cases and
6.95 million fatalities, with the CFR at 0.90%.4 In 2020, at the early
stage of the pandemic, delayed preparedness and inadequate pre-
ventative and control measures were seen in various countries,
including the USA and several European countries.5 Governments
and some individuals exhibited resistance towards mask use, social
distancing and promoted unproven therapeutics, showing the rise
of anti-science attitudes and opposition to certain health practices
endorsed by the World Health Organisation (WHO).6,7

However, earlier risk analysis models such as the Global Health
Security Index (GHSI),8 which ranked the USA the highest as the
most prepared among all countries for pandemic preparedness,9* Corresponding author.
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and the original EPIRISK tool2 underestimated the severity of
COVID-19 in the USA to be ‘moderate risk’, and therefore failed to
predict the high impact of the pandemic in some high-income
countries, which actually had poor performance in epidemic
response. These tools weighted economic factors highly and over-
looked the contribution of dynamic factors based on the contextual
situation of countries, such as health inequalities, leadership style
of government and national cultural orientation,10e15 which influ-
ence and drive behaviours and decision-making during pandemic
situations.

In this study, we aimed to enhance the EPIRISK tool by repar-
ameterizing risk factors and validate the enhanced tool against the
COVID-19 risk levels in different countries.

Methods

Basic model

Risk factors and algorithm
The basic model was built on the original EPIRISK tool,2 and new

risk factors were added. The original tool2 used seven country-
related parameters, including income, health expenditure, the
state of peace, country's border, physician density, hospital bed
density and population density; and seven disease-related pa-
rameters, including pathogen, basic reproduction number (R0),
mode of transmission, asymptomatic stage, CFR, therapy/drug
availability and vaccine availability. We identified three additional
country-related risk factors, through analysis of the unfolding
pandemic, that appeared to impact COVID-19 disease prevention
and control: leadership, cultural orientation and universal health
coverage. Thus, in the basic model, a total of 17 risk factors were
included (Table 1).

To be consistent with the original EPIRISK,2 we assigned each
parameter with a risk score from 1 to 3 points. Once each risk score
was assigned, we took the sum and classified the overall score into
four risk levels: low (17.00e25.59 points), moderate (25.60e35.79
points), high (35.80e45.99 points) and extreme (46.00e51.00
points). The cut-off points for each risk level were assigned ac-
cording to the 50th, 70th and 90th percentiles of the distribution of
overall scores.2

An initial explanation and algorithm for three new risk factors
are provided below.

[1] Leadership

To reduce the risk of epidemics, a country relies on strong na-
tional leadership and how the enforcement of public health mea-
sures is perceived by the public. This factor is categorised into three
levels (strong, medium and weak), and each level is defined ac-
cording to the leadership style.

① Strong (1 point): Authoritarian/Autocratic (absolute power of
the state in the hands of one person or group),16,17

② Medium (2 points): Democratic-Pluralist (leader accepts the
legitimacy of different societal groups, diversity, democratic
institutions),18

③ Weak (3 points): Democratic-Populist (leader positions
themselves as the only legitimate representative of ‘the
people’, anti-elite rhetoric, denies legitimacy of other parties/
leaders)19 OR Laissez-Faire (French ‘allow to do’, rejects the
practice of government intervention).20

In order to assign the overall score for this criterion, two-step
algorithms were created (Table 1). Initially, the user's entry of
leadership was weighted 50% of the score, and the other 50% was

assigned by the Worldwide Governance Indicators (WGI)
score,21 which was classified into three levels: WGI>5 (1 point),
�5<WGI� 5 (2 points), WGI��5 (3 points). For the sake of analysis
of subjective data entry, three users were selected to input scores of
leadership (Supplementary S.Table 2) in order to demonstrate the
tool's abilities in this study. We randomly selected one user's score
into the basic model. The other two users' entry scores were tested
in the final model.

[2] Cultural orientation-based risk

‘Cultural orientation-based risk’ was defined as the average of
risk score across three domains in Hostede's cultural dimensions:
individualism, indulgence, long-term orientation.22 Hofstede iden-
tified cultural dimensions based on factor analysis of country aver-
ages for value measures.23 The data were collected from surveys of
staff working in different subsidiaries of the same multinational
company, IBM, between 1967 and 1973, and updated in 2010.22,23

The model enabled international comparisons between cultures
and has been used before in comparative research.24 Three of the six
domains were selected for inclusion as they had data based on
extensive literature review, and there were strong associations be-
tween the domains and the risk of infectious disease outbreaks. For
countries that did not have cultural dimension values, values were
assigned based on countries that had similar geolocation and
country-level factors.25 These values were assigned independently
and agreed upon by two researchers, and if discrepancies arose, a
consensus was reached after deliberate discussion.

The definitions of the three domains are as follows:

① Individualism is the extent to which individuals prefer to
take care of only themselves rather than a wider community.

② Indulgence is the extent to which individuals prefer free
gratification of basic and natural human drives.

③ Long-term orientation is the extent to which cultures value
past traditions and future reward as opposed to more
emphasis on the present.22,23

Each domain was assigned a value from 0 to 100 by country.
Visual binning of the numerical values allowed for the creation of a
categorical variable. Binning of numerical variables introduces non-
linearity and tends to improve the performance of the model.26

Equal-width binning was used to divide the countries according
to low risk (lowest third of the values), medium risk (middle third
of the values) and high risk (top third of the values). Each risk level
was assigned a value from 1 to 3, according to low to high risk,
respectively. For each country, the average value of three domains
was taken as the overall score for the ‘cultural orientation-based
risk’, which was classified into three levels: low (1 point), me-
dium (2 points) and high (3 points).

[3] Universal health coverage

Universal health coverage is the access to quality essential
health services, and safe, effective and affordable medicines and
vaccines, without financial hardship - to all who need it, including
the most disadvantaged. This indicator from theWHO27 is an index
reported on a unitless scale of 0e100, which was initially divided
into three levels: high (�66.6) ¼ 1 point, medium (33.3e66.6) ¼ 2
points and low (�33.3) ¼ 3 points.27

Evaluation of the basic model
We applied the basic model to nine historical outbreaks in

varying low- and high-income countries, which were validated by
the original EPIRISK tool.2 These outbreaks include Hepatitis A
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Table 1
The basic model: risk analysis of non-COVID-19 outbreaks for nine countries and COVID-19 for seven countries.

Risk factors 2013
Hepatitis A
Italy

2014
Ebola
Sierra-
Leone

2014
Ebola
USA

2015
Zika
Brazil

2016
Cholera
South
Sudan

2017
Diphtheria
Bangladesh

2018
Hepatitis A
Australia

2018
Measles
Japan

2018
Lassa
Fever
Nigeria

2020
COVID
USA

2020
COVID
UK

2020
COVID
Australia

2020
COVID
New
Zealand

2020
COVID
Vietnam

2020
COVID
China

2020
COVID
Samoa

Income 1 3 1 2 3 2 1 1 2 1 1 1 1 2 2 2
Health expenditure

total (% of GDP)
2 1 1 1 2 3 2 1 3 1 2 2 2 2 2 2

The state of peace 1 1 2 2 3 2 1 1 3 2 1 1 1 1 2 2
Country's border 2 2 2 2 3 2 1 1 2 2 2 1 1 2 2 1
Universal health

coveragea
1 2 1 1 3 2 1 1 2 1 1 1 1 1 1 2

Physician density
(per 1000 people)

1 3 2 2 3 3 1 2 3 1 2 1 1 2 2 3

Hospital bed density
(per 1000 people)

2 3 2 2 3 3 2 1 3 2 2 2 2 2 1 3

Population density 3 2 1 1 1 3 1 3 3 1 2 1 1 2 2 1
Leadershipa User's

entry � 50%
1 1 1 1.5 0.5 0.5 1 1 1.5 1.5 1 1 1 0.5 0.5 1

WGI � 50% 1 1 0.5 1 1.5 1 0.5 0.5 1.5 0.5 0.5 0.5 0.5 1 1 1
Cultural orientation-

based riska
2 2 3 2 2 2 2 2 2 3 3 2 2 1 1 2

Pathogen 3 3 3 3 2 2 3 3 3 3 3 3 3 3 3 3
Basic reproductive

number
2 3 3 3 3 3 2 3 3 3 3 3 3 3 3 3

Mode of transmission 2 2 2 1 2 3 2 3 2 3 3 3 3 3 3 3
Asymptomatic stage 3 1 1 3 3 3 3 3 3 3 3 3 3 3 3 3
Case fatality rate 1 3 3 3 3 3 1 3 3 2 2 2 2 2 3 1
Therapy/Drug

availability
3 3 3 3 1 1 3 3 3 3 3 3 3 3 3 3

Vaccine availability 2 3 3 3 2 2 2 1 3 2 2 2 2 2 2 2
Risk score 33 39 34.5 36.5 41 40.5 29.5 33.5 46 35 36.5 32.5 32.5 35.5 36.5 38
Risk level Moderate High Moderate High High High Moderate Moderate Extreme Moderate High Moderate Moderate Moderate High High
Expected risk score 25.6e35.7 35.8e45.9 25.6e35.7 35.8e45.9 35.8e45.9 35.8e45.9 25.6e35.7 25.6e35.7 46e51 35.8e45.9 35.8e45.9 25.6e35.7 25.6e35.7 25.6e35.7 25.6e35.7 25.6e35.7
Expected risk level Moderate High Moderate High High High Moderate Moderate Extreme High High Moderate Moderate Moderate Moderate Moderate
Matched outcome √ √ √ √ √ √ √ √ √ X √ √ √ √ X X

a Three additional risk factors were added on the basis of 14 risk factors from the original EPIRISK tool.
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outbreak in Australia (2018), Ebola outbreak in the USA (2014),
Measles outbreak in Japan (2018), Diphtheria outbreak in
Bangladesh (2017), Zika outbreak in Brazil (2015), Hepatitis A
outbreak in Italy (2013), Ebola outbreak in Sierra Leone (2014),
Cholera outbreak in South Sudan (2016) and Lassa fever outbreak in
Nigeria (2018). The same scores of 14 risk factors from the original
EPIRISK study2 were used in the basic model. We then assigned
scores to three new risk factors according to the data sources and
algorithm provided in this study (Table 1).

Following the historical outbreaks, we applied the basic model
to the COVID-19 outbreaks in different countries. In 2020, a wors-
ening trend of COVID-19 was observed in high-income countries
compared to middle-income countries.28 In order to encompass
outbreaks in both high- and middle-income countries29 and with
reported high or low number of cases,30 we chose four high-income
countries,29 including the UK, USA, Australia and New Zealand, and
three middle-income countries,29 China, Vietnam and Samoa. We
collected the epidemiological COVID-19 data of these countries
from 1 January 2020 to 31 December 2020, including total reported
cases and deaths (CFR calculation), incidence, mortality (Table 2),
and the maximum and minimum data of global incidence and
mortality.30 All COVID-19 data were collected from Our World in
Data,30 which collates data from multiple sources, including the
WHO, European Center of Disease Control (ECDC), John Hopkins
University (JHU) and others. The datawere then compared with the
official governmental reports from the seven countries for accuracy
and consistency.31e36

Observed severity levels of COVID-19 in seven countries, 2020
We set the observed severity classifications of the COVID-19

pandemic in seven countries in 2020 based on the incidence and
mortality (Table 2). We calculated the ranges of global COVID-19
incidence and mortality,30 and then we equally divided the ranges
into four levels: very high (incidence: 78,041.36e104,054.09 per
million population, mortality: 2092.48e2789.92 per million popu-
lation), high (incidence: 52,028.63e78,041.35 per million popula-
tion, mortality: 1395.05e2092.47 per million population), medium
(incidence: 26,015.91e52,028.62 per million population, mortality:
697.60e1395.04 per million population) and low (incidence:
3.18e26,015.90 per million population, mortality: 0.16e697.59 per
million population). In the USA, the incidence (60,536.18 cases per
million population) was high, and the mortality (1057.33 cases per
million population) was at medium level. Both the incidence
(36,597.87 cases per million population) and mortality (1079.39
cases per million population) in the UK were at medium level. The
COVID-19 incidence andmortality in the otherfive countrieswere at
low level.

Expected risk levels of COVID-19 in seven countries in 2020 using
EPIRISK

COVID-19, which led to the global pandemic in 2020, was
assigned slightly higher severity levels in the basic model than
diseases such as hepatitis A, cholera andmeasles, which caused less

widespread outbreaks. Therefore, we set the expected severity of
COVID-19 in the UK and USA as high, and that in Vietnam, China,
Australia, New Zealand and Samoa as moderate, due to known
outcomes of the disease in 2020 in these countries (Table 1).

Disease-related risk factors rationale for COVID-19
Details of all disease-related risk factors and scoring from the

original EPIRISK framework were described previously.2 For COVID-
19, the following rationales were used for the scores. COVID-19 is the
disease caused by the SARS-CoV-2 virus (pathogen: 3 points). The
airborne transmission was documented (mode of transmission: 3
points).37 People infected with SARS-CoV-2 could be asymptomatic
(asymptomatic stage: 3 points), or experience mild to severe illness,
and even death. The R0 of the dominant strain in early 2020 (D614G)
ranged from 0.4 to 4.6 (median: 2.5) (3 points).38 The calculated
country-specific CFR in 2020 was 1.75% in the USA (2 points), 2.95%
in the UK (2 points), 3.20% in Australia (2 points), 1.16% in New
Zealand (2 points), 5.32% in China (3 points), 2.39% in Vietnam (2
points) and 0.00% in Samoa (1 point) (Table 2).39 Several vaccines to
prevent or reduce the severity of SARS-CoV-2 infection were
approved for use in 2020 (1 point), but no effective therapy and
drugs were approved until 2021 (3 points).40

Country-related risk factors rationale for COVID-19
For the three new risk factors (leadership, cultural orientation-

based risk and universal health coverage), we provided the scores
(Table 1) with data (Table 3) based on the initial algorithm described
in this study. For the other seven factors that were described pre-
viously in the original EPIRISK tool2 (Supplementary S.Table 1), we
collected the latest available data as of December 31 in 2020 from
the World Bank29 and the Institute for Economics and Peace41

(Table 3), and updated scores in the basic model (Table 1).

Risk classification by the basic model
In the basic model (Table 1), we compared the assessed risk

levels with the expected risk levels to see the matched and un-
matched outcome. The basic model correctly classified the risk
levels of all the nine historical outbreaks and the COVID-19 severity
in the UK, Vietnam, Australia and New Zealand. However, it failed to
classify the risk levels of COVID-19 in the USA, China and Samoa.

Calibration

Based on the basic model, three steps were involved in the
calibration process, in order: (i) for the leadership criterion, we
adjusted the proportion of the user's entry from 0% to 100% of the
score to examine the results; (ii) given there were 10 country-
related parameters and seven disease-related parameters, we set
70% of the country-based parameters' overall score to see if the
equal contribution could improve the correct rate; (iii) we changed
the cut-off points of risk factors to reclassify three scoring levels. A
series of models were created during the three steps above, until
we found the best-fitting model that could retain the correct risk

Table 2
COVID-19 case and death numbers and rates of incidence, mortality and case fatality in seven countries (1 January 2020 to 31 December 2020).

Country Cases Deaths Incidence (per
million population)

Mortality (per
million population)

Case fatality
rate

USA 20,153,407 352,001 60,536.180 1057.330 1.75%
UK 2,496,235 73,622 36,597.869 1079.389 2.95%
Australia 28,425 909 1102.248 35.249 3.20%
New Zealand 2162 25 444.797 5.143 1.16%
Vietnam 1465 35 14.923 0.357 2.39%
China 87,117 4634 60.321 3.209 5.32%
Samoa 2 0 9.993 0.000 0.00%

Source: Data on COVID-19 (coronavirus) by Our World in Data.30
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classifications of nine historical outbreaks and be able to correctly
classify the risk levels of COVID-19 in all seven countries. The other
two users' scores on ‘leadership’ were tested in the best-fitting
model.

Kendall correlation was used to measure the degree of agree-
ment between the levelled incidence, mortality and the predicted
risk levels of COVID-19.

Results

A total of 21 models were created to test the risk levels of his-
torical non-COVID outbreaks in nine countries and COVID-19 in
seven countries in 2020. After adjusting the cut-off points of ‘The
state of peace’ and ‘Universal health coverage’, there were two
models (Table 4, Supplementary S.Table 3) showing all risk levels
matched with the expected risk levels, indicating both models
correctly classified risk levels for all outbreaks. The best-fitting
model (Table 4), in which the ‘leadership’ was scored without
WGI data, was considered as the final EPIRISK algorithm (Table 5).
Even though the ‘leadership’ was assigned with different scores by
three users, this best-fitting model still achieved the ‘matched
outcome’ for all outbreaks' risk levels. The Kendall correlation be-
tween incidence and risk level was 0.70, and the correlation be-
tween mortality and risk level was 0.73. Both showed a clear
positive correlation, which supported the consistence between the
observed and predicted COVID-19 severity level by the best-fitting
model.

For the enhanced EPIRISK tool, the overall score ranges from 17 to
51 points. To be consistent with the original EPIRISK tool,2 the cut-off
points of risk levels were still set at the 50th, 70th and 90th percen-
tiles of the distribution of the overall score: extreme (46.00e51.00
points) e immediate action required, high (35.80e45.99 points) e
action plan required, medium (25.60e35.79 points) e specific
monitoring required and low (17.00e25.59 points) e routine
procedure.

Discussion

The enhanced EPIRISK tool shows improved risk analysis with
validation against the COVID-19 pandemic for seven countries. The
risk classification by the enhanced EPIRISK tool correlates well with
the COVID-19 severity level based on the observed incidence and
mortality rates, indicating that the influence of leadership, culture
and universal healthcare should be included in any risk analysis
tool. Traditional tools rely more heavily on socio-economic factors
such as GDP.49 The enhanced EPIRISK tool also retained the correct
risk classifications of nine non-COVID outbreaks.

The accuracy of risk analysis tools in predicting outbreaks de-
pends on parameters included and data input.50,51 Evaluation of

such tools could be done by validation against retrospective out-
breaks or prospectively in real-time outbreaks.52 Tools such as the
GHSI11 and the Epidemic Preparedness Index (EPI) have been
developed to assist governments in improving preparedness for
infectious disease outbreaks.53 However, the failure of these tools,
including the original EPIRISK tool, to predict poor outcomes of the
COVID-19 pandemic in high-income countries7,9e11,54 using bio-
logical, demographic and socio-economic indices, highlights the
need for consideration of additional factors such as culture, lead-
ership and universal healthcare coverage.15,55The scores published
by the GHSI in October 2019, just before the COVID-19 pandemic
was declared, indicated that the USA and UK were the most pre-
pared for a pandemic.54 However, both countries did not fare well
in their response to COVID-19.9,56 Similarly, the EPI scores released
in 2019, which ranked countries according to five levels of pre-
paredness, placed the USA and UK in the higher categories.7,53 This
can be attributed to the lack of consideration of the contribution of
leadership, culture and universal healthcare, all of which determine
or motivate behaviours, choices and outcomes during pandemics.
These are dynamic factors that can change with the contextual
situation of countries. Even though the GHSI measured trust in
government, it neglected the role of political leadership and ide-
ology in shaping public health responses.7 For example, the GHSI
ranked New Zealand lower than the USA and UK, but the effective
and clear communication by the Arden administration in New
Zealand may have contributed to comparatively better pandemic
outcomes, such as the lower CFR (1.16%) of COVID-19 in New Zea-
land compared to that in the USA (1.75%) and UK (2.95%) in
2020.8,57 In contrast, in the USA and UK, governments failed to
accept scientific evidence and promoted unproven interventions
ranging from ‘herd immunity’ from infection to unproven drugs,
even opposing the WHO in some instances.6,7 During the first year
of COVID-19, countries like Vietnam, Australia, New Zealand and
Samoa fared better than the USA or UK through use of measures
such as border closure and strict public health measures, which
were more culturally acceptable in these countries. In Australia, the
government showed leadership by declaring the pandemic on 21
January 2020 prior to the announcement by the WHO.58 Universal
health coverage is also an important determinant of risk, with
poorer health outcomes in countries without this.59 Additionally, it
has been well documented that cultural differences at the national
or individual level account for differences in risk perceptions and
health behaviours.60 Public health measures are draconian by na-
ture, requiring measures that reduce contact between people or
require intervention, such as masks, to reduce the transmission of
contagious infections. This is less palatable in highly individualistic
cultures compared to more collective cultures. Understanding the
cultural values of a society, including individualism vs. collective
values, would guide policymakers to frame and implement

Table 3
Data on country-related risk factors for COVID-19 in seven countries.

Risk factors USA UK Australia New Zealand Vietnam China Samoa

Income High High High High Middle Middle Middle
Health expenditure total (% of GDP) 16.77 10.15 9.91 9.74 5.25 5.35 6.36
The state of peace Low High High High Medium Medium High
Country's border Land and maritime Land and maritime All maritime All maritime Land and maritime Land and maritime All maritime
Universal health coveragea 82.60933 87.71524 87.15386 85.53363 69.54382 82.16772 53.44973
Population density 36 278 3 19 314 150 70
Physician density (per 1000 populations) 2.6 5.8 3.3 3.4 0.8 2 0.3
Hospital bed density (per 1000 populations) 2.9 2.5 3.8 2.6 2.6 4.3 1
Leadershipa User's entry Weak Medium Medium Medium Strong Strong Medium

WGI Medium Medium Medium Medium Strong Strong Medium
Cultural orientation-based riska High High Medium Medium Low Low Medium

Data sources: World Bank29 and the Institute for Economics and Peace.41
a Three additional risk factors were added on the basis of seven country-based risk factors from the original EPIRISK tool.
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Table 4
The best-fitting model: risk analysis of non-COVID-19 outbreaks for nine countries and COVID-19 for seven countries.

Risk factors 2013
Hepatitis A
Italy

2014
Ebola
Sierra-
Leone

2014
Ebola
USA

2015
Zika
Brazil

2016
Cholera
South
Sudan

2017
Diphtheria
Bangladesh

2018
Hepatitis A
Australia

2018
Measles
Japan

2018
Lassa
Fever
Nigeria

2020
COVID
USA

2020
COVID
UK

2020
COVID
Australia

2020
COVID
New
Zealand

2020
COVID
Vietnam

2020
COVID
China

2020
COVID
Samoa

Income 1 3 1 2 3 2 1 1 2 1 1 1 1 2 2 2
Health expenditure total

(% of GDP)
2 1 1 1 2 3 2 1 3 1 2 2 2 2 2 2

The state of peace 1 1 2 2 3 2 1 1 3 3 1 1 1 2 2 1
Country's border 2 2 2 2 3 2 1 1 2 2 2 1 1 2 2 1
Universal health

coveragea
1 2 1 1 3 2 1 1 2 1 1 1 1 1 1 1

Physician density (per
1000 people)

1 3 2 2 3 3 1 2 3 1 2 1 1 2 2 3

Hospital bed density (per
1000 people)

2 3 2 2 3 3 2 1 3 2 2 2 2 2 1 3

Population density 3 2 1 1 1 3 1 3 3 1 2 1 1 2 2 1
Leadershipa 2 3 2 3 3 1 2 2 3 3 2 2 2 1 1 2
Cultural orientation-

based riska
2 2 3 2 2 2 2 2 2 3 3 2 2 1 1 2

Pathogen 3 3 3 3 2 2 3 3 3 3 3 3 3 3 3 3
Basic reproductive

number
2 3 3 3 3 3 2 3 3 3 3 3 3 3 3 3

Mode of transmission 2 2 2 1 2 3 2 3 2 3 3 3 3 3 3 3
Asymptomatic stage 3 1 1 3 3 3 3 3 3 3 3 3 3 3 3 3
Case fatality rate 1 3 3 3 3 3 1 3 3 2 2 2 2 2 3 1
Therapy/Drug

availability
3 3 3 3 1 1 3 3 3 3 3 3 3 3 3 3

Vaccine availability 1 3 3 3 1 1 1 1 3 1 1 1 1 1 1 1
Risk score 32 40 35 37 41 39 29 34 46 36 36 32 32 35 35 35
Risk level Moderate High Moderate High High High Moderate Moderate Extreme High High Moderate Moderate Moderate Moderate Moderate
Expected risk score 25.6e35.7 35.8e45.9 25.6e35.7 35.8e45.9 35.8e45.9 35.8e45.9 25.6e35.7 25.6e35.7 46e51 35.8e45.9 35.8e45.9 25.6e35.7 25.6e35.7 25.6e35.7 25.6e35.7 25.6e35.7
Expected risk level Moderate High Moderate High High High Moderate Moderate Extreme High High Moderate Moderate Moderate Moderate Moderate
Matched outcome √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ X

a Three additional risk factors were added on the basis of 14 risk factors from the original EPIRISK tool.
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Table 5
The enhanced EPIRISK scoring criteria.

ID Risk Factors Risk scores Explanation

1 point 2 points 3 points

1 Pathogen Others Bacterial Viral The type of disease pathogen has an association with the disease spreading. Viral pathogen is likely to cause
widespread epidemic because of its extensive growth in a relatively short period of time. Thus, infectious disease
by viral pathogen can spread faster than any other pathogen.

2 Basic reproductive
number

<1 1e2 >2 The basic reproductive number is the number of secondary infections produced by the index patient. The bigger
the basic reproductive number, the higher it is to become an epidemic and the harder to control that epidemic.

3 Mode of
transmission

Vector borne/
Zoonosis

Foodborne/
Waterborne/Direct
Contact/Bodily fluids/
Bloodborne/Fecal-oral
route

Airborne/Droplet Different modes of transmission will affect the spread of the infectious disease in the community. The disease
that spreads via airborne/droplet has a higher risk of widespread outbreak than the disease that spreads through
animal or vector.

4 Asymptomatic
stage

No Yes The disease with a stage has a higher risk of epidemic. The asymptomatic patient contributes to the disease
transmission; however, this patient is likely to miss from the detection. It makes the disease spreading go even
harder to control.

5 Case fatality rate <1% 1%e5% >5% Potential impact on mortality of the disease can be used as an essential indicator in risk prediction. The highest
of range is used to categorise risk scores.

6 Therapy/Drug
availability

Yes No The spread of a disease will be increasingly difficult to control if there is no definitive therapy available for the
disease. With definitive therapy, the spread of the disease can be minimised by reducing the natural duration of
the disease. Additionally, the presence of definitive therapy will reduce the severity of the disease outcome.

7 Vaccine availability Yes No Vaccines provide immunity to the disease, particularly for the susceptible population. Implementation of the
vaccination program is a very effective control measure to reduce the risk of disease outbreaks. With the
availability of the vaccines, the process of infectious disease spreading can be minimised. The best outcome of
vaccine availability would be attained if the vaccine is broadly given to all populations in a country through the
National Immunisation Program (NIP). However, the list of available vaccines in NIP is different from one
country to the other. Only vaccines included in Expanded Immunisation Program (EPI) would be available in
every country NIP.

8 Income High-income
country

Middle-income country Low-income country The country's capacity in outbreak control is strongly associated with the total GDP. The World Bank divides
countries into three categories: high-, middle- (upper and lower) and low-income countries based on their total
GDP.42

9 Health expenditure
Total (% of GDP)

Upper third
(>10.0%)

Middle third (5.0
e10.0%)

Lower third (<5.0%) Health expenditure indicates the proportion of country GDP that assigned to the health sector expenditure. The
proportion of health expenditure in a country has a strong association with the healthcare service provided to
the population. Country's health expenditure spread was divided into upper, middle and lower third.43

10 The state of peace High peace Middle peace Low peace The states of peace correlate to the country's health system. In a conflict-affected country, access to essential
service is poor. As a consequence, population in that country become more vulnerable to the infectious disease
transmission. In addition to detection, containment and control of the outbreak are huge challenges in the
conflict-affected populations. According to the Global Peace Index rankings provided by the Institute of
Economic and Peace, this framework categories the state of peace into three different groups: high (ranking
<55), medium (ranking 55e108) and low peace (ranking >108).41

11 Country's border Maritime only Mixed maritime-land Land only The country border is associated with the mobility, accessibility of transportation mode as well as time required
to travel. Land border has higher likelihood of interborder disease transmission than water border because of its
easiest access for people migration, including those affected by the disease.44

12 Population density <100 100e1000 >1000 Overcrowding is one of the major factors in the disease transmission risk which lead to an epidemic event.
Epidemics of disease occur more frequently and severely in a high-density population than in low-density
population.45

13 Physician density
(per 1000)

>2.9 0.8e2.9 <0.8 Adequate size and skill of physician is critical for a country to attain population health goal through provision of
sufficient basic medical care. Lack of availability and accessibility to the physician service could aggravate the
impact of an outbreak because of delayed in medical treatment. The WHO report indicates the range of
physician-weight population density per 1000 population: <0.8 as low, 0.8e2.9 as middle and >2.9 as high.46

14 Hospital bed
density (per 1000)

>4 2e4 <2 Hospital beds is an indicator for available resources to deliver healthcare service. Without sufficient hospital
beds, especially during outbreak event, the likelihood of worse impact increases. Especially when insufficient
resources force patients to stay longer in community, which will increase the risk of disease transmission in the
community.47

15 Leadership Strong Medium Weak To reduce the risk of epidemics, a country relies on strong national leadership and how enforcement of measures
is perceived by the public. This risk factor is categorised into three levels (strong, semi-strong and weak), and
each level is defined according to the leadership style.

(continued on next page)
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Table 5 (continued )

ID Risk Factors Risk scores Explanation

1 point 2 points 3 points

①Strong (1 point): Authoritarian/Autocratic (absolute power of the state in the hands of one person or
group),16,17

②Medium (2 points): Democratic-Pluralist (leader accepts the legitimacy of different societal groups, diversity,
democratic institutions),18

③Weak (3 points): Democratic-Populist (leader positions themselves as the only legitimate representative of
‘the people’, anti-elite rhetoric, denies legitimacy of other parties/leaders)19,48; OR Laissez-Faire (French ‘allow
to do’, rejects the practice of government intervention).20

16 Cultural
orientation-based
risk

Low Medium High Average of risk score of three domains in Hosteds's cultural dimensions: individualism, indulgence, long-term
orientation.22,23 Details on each domain are presented in 16a,b and c.

16a Individualism Collective Moderately
individualistic

Highly individualistic Individualism describes societies where ‘the ties between individuals are loose,’ whereas collectivism describes
societies where individuals are ‘integrated into strong, cohesive in-groups’. Individualism (vs collectivism) is the
extent to which individuals prefer to take care of only themselves rather than a wider community. This scale reflects
the position of a national culture on a bipolar continuum based on Hofstede's cultural dimensions.

16b Indulgence Restrained Moderately indulgent Highly indulgent The dimensions of indulgence and restraint were later added to the Hofstede model and reflects how a culture
responds to basic human needs. This dimension describes the tendency within a society to allow gratification of
human desires and impulses related to enjoying life and having fun. High indulgence cultures tend ‘to allow relatively
free gratification of basic and natural human desires related to enjoying life and having fun,’ while for restraint
cultures, ‘such gratifications needs to be curbed and regulated by strict social norms’.
Indulgent cultures or individuals typically experience greater happiness, enjoy more freedom, personal choice, and
control over their life compared to more restrained cultures.

16c Long-term
orientation

Highly long-
term oriented

Moderately long-term
oriented

Short-term oriented Long-term orientation measures the degree to which people plan for the future rather than today based on Hofstede's
cultural dimensions. Additionally, individuals who generally think and act in a future-oriented manner will find it
more acceptable to delay gratifications. Cultures with long-term orientation value past traditions and future rewards,
as well as related virtues such as perseverance and thrift. However, cultures with short-term orientation put more
emphasis on the present.

17 Universal health
coverage

High Medium Low Universal health coverage is access to quality essential health services, and safe, effective and affordable
medicines and vaccines, without financial hardship e to all who need it, including the most disadvantaged. This
indicator from the WHO is an index reported on a unitless scale of 0e100, which was divided into three levels:
high (>50), medium (33e50) and low (<33).27
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mitigation measures in a way that would gain the cooperation of
individuals to comply.61 Therefore, based on lessons learned from
the COVID-19 experience, the enhanced EPIRISK tool considered
leadership, cultural orientation and universal health coverage to
provide a more predictive risk analysis.

The main limitation of this study is that the small sample of
countries we selected for the calibration and validation might not
fully represent the variations of the COVID-19 impact between all
countries. Although we validated against COVID-19 in seven coun-
tries and historical non-COVID outbreaks in nine countries, there is
uncertainty in applying the model to COVID-19 outbreaks in other
countries. The model could be improved with a wider range of data
from all countries using a machine learning approach for calibration
and validation in future, aiming to find the best-fitting model based
on a larger training data set.62 This is the work we are undertaking.
Another limitation is the COVID-19 data bias. COVID-19 data in 2020
has been updated frequently since it was released, perhaps because
the number of cases and deaths was overestimated or under-
estimated previously, and there may have been delays in outcome
data reporting and inclusion in publicly available data sets.30 In order
to minimise data bias, we used the COVID-19 data provided by Our
World in Data,30 which collected data from multiple validated
sources. Additionally, the current EPIRISK tool requires users to
assign risk scores and calculate the result manually, which in-
troduces some subjectivity. Subjectivity in the selection of the new
variables and the assignment of the values to variables are a further
limitation. In conclusion, the enhanced EPIRISK tool can rapidly
prioritise epidemic response for global infectious disease outbreaks
with improved predictive power. In addition to the standard
approach of using disease- and country-specific social, demographic
and economic factors, we showed that accounting for leadership,
culture and universal healthcare may explain the failure of previous
tools to correctly predict the performance of countries during
COVID-19.We are developing an automated EPIRISK tool onweb and
mobile applications with real-time data retrieved from live data
sources. Use of comprehensive tools like EPIRISK will assist health
agencies and public health professionals with rapid risk prediction
and more effective epidemic response.
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a b s t r a c t

Objectives: The purpose of this study was to evaluate food insecurity on body mass index (BMI) and diet-
related behaviors among college students and whether psychological well-being (PWB) and stress levels
mediate this relationship.
Study design: This was a cross-sectional study.
Methods: Data from 1439 students from the American College Health Association National College
Health Assessment III (Fall 2020) were used. Food security status was evaluated by the USDA Six-Item
Short Form. PWB was measured using the Diener Flourishing Scale. Diet-related behaviors included
the average servings of fruits, vegetables, and sugar-sweetened beverages consumed per day. Stress was
measured by self-reported levels. Regression model analysis evaluated the influence of food security
status, PWB, and stress levels on BMI. PWB and stress were also tested as mediators in the relationship
between food insecurity and BMI.
Results: Among our sample of college students, 44.54% (n ¼ 641) were food insecure, and 55.46%
(n ¼ 798) were food secure. Multiple regression analysis showed that higher food insecurity, older age,
full-time enrollment status, and fifth-year student status were positively associated with a higher BMI
score (P < 0.05). Results from mediation models revealed that PWB, but not stress, mediated the rela-
tionship between food security and BMI among Black/African American students. Regarding diet-related
behaviors, high stress levels mediated the relationship between food insecurity and sugar-sweetened
beverage intake among students.
Conclusions: Food insecurity appears to influence BMI in college students. This relationship seems to be
mediated by disrupted PWB and a higher intake of sugar-sweetened beverages due to stress.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.

0/).

Introduction

College students are in a unique position as young adults with
newfound independence, and one that comes with a significant
number of responsibilities. Most college students (62.7%) begin
college within months following high school graduation.1 Upon
attending college, these students are responsible for more than just
learning. For many, the responsibility of managing the financial
expenses required to attend college, including housing and tuition,

as well as the basics of living, such as regular food intake, sleep
schedule, and more, can be overwhelming. Most first-year college
students (83.8%) receive some form of financial aid to assist with
academic expenses.2 Financial and adaptive stressors in the college
population have been suggested as precursors of food insecurity.

Food insecurity refers to inconsistent access to enough food to
meet basic needs, which typically occurs due to a lack of money or
other resources.3 According to a systematic review, an estimated
32.9% of all college students in the USA experience food insecurity
(short and long term).4 The prevalence of food insecurity in college
students is higher than the national average reported for all US
households (with and without children), which peaked at 14.7% as
a result of the Great Recession5 but has been below 14% since* Corresponding author. Tel.: þ1 205 934-9460.
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recovery from this nationwide economic hardship. As of 2021, an
average of 10.2% of US households were food insecure.3 Food
insecurity among college students is both a growing humanitarian
concern and a health concern, as these students have been found to
experience more negative physical and mental health conse-
quences than their food-secure peers.

Food-insecure college students tend to report overall poorer
dietary quality than food-secure peers,6,7 including skipping meals,
particularly breakfast,6,8,9 consuming more foods and beverages
with added sugars,7 and consuming fewer fruits and vegeta-
bles.6,7,9e14 In addition to less healthy dietary behavior, food-
insecure college students have reported less physical activity than
their peers as well as insufficient sleep.6 Notably, food insecurity is
associated with five times greater odds of obesity in college stu-
dents.7 However, a mechanism between food security status and
body mass index (BMI) outcomes is not clear.

Food insecurity in college students is also related to aspects of
emotional health,15e17 such as higher rates of anxiety, depression,
stress, and/or psychological well-being (PWB).6,18 While the gen-
eral college student population has long been found to experience
some degree of stress,19e21 it has recently been recognized that
food-insecure college students have two times higher odds of
experiencing stress than students who do not have this struggle to
meet basic needs.6 Furthermore, reported stress among college
students has been found to increase as the severity of food inse-
curity increases.18 Differences between students with food inse-
curity have also been observed in PWB, a measure that
encompasses characteristics that give meaning or purpose to an
individual's life, such as positive social relationships, values, and
other factors contributing to a fulfilling quality of life.22e24

The purpose of this study was to evaluate the influence of food
insecurity in BMI and diet-related behaviors among college stu-
dents while also exploring the potential influence of PWB and
stress in this relationship. Specifically, the first aim of the present
study was to evaluate the differences in student characteristics by
food-security status (food secure/food insecure). The second aim
was to evaluate whether food insecurity, PWB, and stress were
associated with BMI and diet-related behaviors (intake of fruit,
vegetables, and sugar-sweetened beverages). Finally, the third aim
was to evaluate the influence of PWB and stress as mediators in the
relationship between food security and BMI. We hypothesized that
college students with food insecurity would exhibit a higher BMI in
comparison to food-secure students and that low PWB and high
stress would be negatively associated with BMI and diet-related
behaviors (meaning a higher BMI, lower intake of fruits and vege-
tables, and higher intake of sugar-sweetened beverages).

Methods

Population

Approximately 8000 undergraduate students from a large
public university in the southeastern region of the USAwere invited
to participate in the Fall 2020 American College Health Association
National College Health Assessment (ACHA-NCHA III) survey. The
total respondents numbered 1516 students. Due to very small
sample sizes, students who were classified into the categories of
American Indian, Middle Eastern, and Native Hawaiian were
excluded. This study included data from a total of 1439
respondents.

The general demographic data of respondents are presented by
food-security status (food security vs food insecurity) in Table 1.
Data were de-identified before the investigator received them. The
Institutional Review Board for Human Use (IRB) at the University of
Alabama at Birmingham approved this study (IRB-300009705).

Measures

The NCHA data set includes an extensive collection of measures
(see NCHA III Codebook via acha.org), including variables of rele-
vance for the current study analyses as detailed below.

Demographics

Demographic information included gender, race/ethnicity, stu-
dent status, enrollment status, housing, age, financial challenges,
and COVID-19 variables. These datawere collected via the following
questions: ‘which term do you use to describe your gender iden-
tity?’ (gender), ‘how do you usually describe yourself?’ (race/
ethnicity), ‘what is your year in school?’ (student status), ‘what is
your enrollment status?’ (enrollment status), ‘where do you
currently live?’ (housing), ‘how old are you’ (age), “within the last
12 months, have you had problems or challenges with ….?’
(financial challenges), ‘have you had COVID-19?’ (COVID-19 diag-
nosis), and ‘how has your current overall level of stress been
impacted by the COVID-19 pandemic?’ (level of stress impacted by
COVID-19).

Food security

Food security was assessed using the United States Department
of Agriculture (USDA) Six-Item Short Form of the Food Security
Survey Module. Affirmative responses were scored according to
USDA guidelines, and respondents with cumulative scores >2
(range 0e6) were classified as food insecure.25

Stress levels

Stress levels were assessed with the question ‘within the last 30
days, how would you rate the overall level of stress you have
experienced?’ Response options included no stress, low stress,
moderate stress, and high levels of stress.

Psychological well-being

PWB was measured with the Diener Flourishing Scale.22 This
scale includes eight statements with which respondents may agree
or disagree on a Likert scale (strongly disagree (1), disagree (2),
slightly disagree (3), neither agree nor disagree (4), slightly agree
(5), agree (6), strongly agree (6)). Examples of these statements
include: ‘I lead a purposeful and meaningful life,’ ‘my social re-
lationships are supportive and rewarding,’ etc. Responses are
scored according to published guidelines, and respondents are
given a total score between eight and 56, with higher scores indi-
cating more psychological resources and strengths.22

Physical activity

Physical activity was measured by self-reported minutes of
moderate aerobic activity (brisk walking, dancing, or household
chores) and vigorous aerobic activity (running, swimming laps, or
hiking) within the last seven days. Self-reported strength training
(push-ups, sit-ups, or weightlifting/training) within the last seven
days was also included.

Diet-related behaviors

Dietary patterns were assessed by self-reported servings of fruit,
vegetables, and sugar-sweetened beverages consumed. Re-
spondents reported average consumption in the last seven days in
fill-in-the-blank questions.
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Body mass index

BMI was computed based on self-reported height and weight.
The calculation for computing BMI is weight (kg)/(height (m))2. BMI
was reported as both a continuous and a categorical variable (un-
derweight, normal weight, overweight, or obese).

Statistical analysis

Descriptive statistics (mean, standard deviation,25 and fre-
quencies) were calculated to summarize gender (female, male, and
non-binary), self-reported race/ethnicity (White, Asian or Asian

American, Black or African American, Hispanic or Latino/a/x, and
biracial or multiracial), students status (first, second, third, fourth,
and fifth year), enrollment status (full-time, part-time, and other),
housing (campus or university housing, parent/guardian/other
family members, off-campus, temporarily staying with a relative/
friend, and other), age (reported in years), financial challenges (yes/
no), COVID-19 positive diagnosis (yes/no), BMI (m/kg2), BMI clas-
sification (underweight, normal weight, overweight, or obese),
stress level (no, low, moderate, or high stress), PWB (scores be-
tween eight and 56), physical activity (average minutes of physical
activity during last seven days and days of strength exercise), and
diet characteristics (average serving of fruits, vegetables, and sugar-

Table 1
Demographic characteristics by food-security status among a sample of college students (n ¼ 1439).

Variables Total Food insecure (44.54%) Food secure (55.46%) P-value

Percentage (n)
Gender (n ¼ 1406) 0.0157
Female 70.55% (n ¼ 992) 72.57% (n ¼ 455) 68.93% (n ¼ 537)
Male 26.74% (n ¼ 376) 23.76% (n ¼ 149) 29.14% (n ¼ 227)
Non-binary 2.70% (n ¼ 38) 3.67% (n ¼ 23) 1.93% (n ¼ 15)

Race/ethnicity (n ¼ 1379) 0.0347
White 58.81% (n ¼ 811) 58.12% (n ¼ 358) 59.37% (n ¼ 453)
Asian or Asian American 9.79% (n ¼ 135) 7.63% (n ¼ 47) 11.53% (n ¼ 88)
Black or African American 20.59% (n ¼ 284) 23.54% (n ¼ 145) 18.22% (n ¼ 139)
Hispanic or Latino/a/x 3.84% (n ¼ 53) 4.06% (n ¼ 25) 3.67% (n ¼ 28)
Biracial or Multiracial 6.96% (n ¼ 96) 6.66% (n ¼ 41) 7.21% (n ¼ 55)

Student status (n ¼ 1407) 0.0161
1st year 24.52% (n ¼ 345) 20.86% (n ¼ 131) 27.47% (n ¼ 214)
2nd year 19.76% (n ¼ 278) 21.18% (n ¼ 133) 18.61% (n ¼ 145)
3rd year 24.09% (n ¼ 339) 27.07% (n ¼ 170) 21.69% (n ¼ 169)
4th year 22.53% (n ¼ 317) 21.50% (n ¼ 135) 23.36% (n ¼ 182)
5th year 9.10% (n ¼ 128) 9.39% (n ¼ 59) 8.86% (n ¼ 69)

Enrollment status (n ¼ 1404) 0.6678
Full-time 88.46% (n ¼ 1242) 88.52% (n ¼ 555) 88.42% (n ¼ 687)
Part-time 11.47% (n ¼ 161) 11.48% (n ¼ 72) 11.45% (n ¼ 89)
Other 0.07% (n ¼ 1) 0.00% (n ¼ 0) 0.07% (n ¼ 1)

Housing (n ¼ 1402) <0.0001
Campus or university housing 30.60% (n ¼ 429) 26.72% (n ¼ 167) 33.72% (n ¼ 262)
Parent/guardian/other family Members 29.39% (n ¼ 412) 26.88% (n ¼ 168) 31.40% (n ¼ 244)
Off-campus 37.80% (n ¼ 530) 44.00% (n ¼ 275) 32.82% (n ¼ 255)
Temporarily staying with a relative/friend 0.64% (n ¼ 9) 1.12% (n ¼ 7) 0.26% (n ¼ 2)
Other 1.57% (n ¼ 22) 1.28% (n ¼ 8) 1.80% (n ¼ 14)

Age (n ¼ 1391) 0.0638
18e22 years 79.80% (n ¼ 1110) 79.52% (n ¼ 497) 80.03% (n ¼ 613)
23e27 years 9.20% (n ¼ 128) 10.88% (n ¼ 68) 7.83% (n ¼ 60)
>28 years 11.00% (n ¼ 153) 9.60% (n ¼ 60) 12.14% (n ¼ 93)

Financial challenges (n ¼ 1404) <0.0001
Yes 48.93% (n ¼ 687) 67.69% (n ¼ 465) 32.31% (n ¼ 222)
No 51.07% (n ¼ 717) 22.45% (n ¼ 161) 77.55% (n ¼ 556)

COVID-19 (positive diagnosis)
(n ¼ 1007)

0.7366

Yes 6.45% (n ¼ 65) 56.92% (n ¼ 28) 43.08% (n ¼ 37)
No 93.55% (n ¼ 942) 54.78% (n ¼ 516) 45.22% (n ¼ 426)

Mean ± STD
Age (n ¼ 1418) 22.15 ± 6.56 21.81 ± 5.54 22.32 ± 7.06 0.1335
BMI (n ¼ 1392) 26.40 ± 7.14 27.32 ± 7.62 25.64 ± 6.69 <0.0001
Stress, psychological well-being, physical activity, and diet
Stress (n ¼ 1406) <0.0001
No stress 2.06% (n ¼ 29) 0.80% (n ¼ 5) 3.08% (n ¼ 24)
Low stress 18.49% (n ¼ 260) 11.31% (n ¼ 71) 24.29% (n ¼ 189)
Moderate stress 50.07% (n ¼ 704) 48.41% (n ¼ 304) 51.41% (n ¼ 400)
High stress 29.37% (n ¼ 413) 39.49% (n ¼ 248) 21.21% (n ¼ 165)

Mean ± STD
Psychological well-being (n ¼ 1425) 45.29 ± 8.46 43.88 ± 9.02 46.50 ± 7.67 <0.0001
Physical activity
Moderate physical activity (average minutes last 7 days) (n ¼ 1426) 225.08 ± 409.92 227.11 ± 415.18 220.30 ± 373.43 0.7470
Vigorous physical activity (average minutes last 7 days) (n ¼ 1418) 79.81 ± 173.37 78.02 ± 193.36 80.64 ± 156.01 0.7799
Days of strength exercise (n ¼ 1406) 1.51 ± 1.89 1.45 ± 1.88 1.56 ± 1.89 0.2424

Diet-related Behaviors (Servings per day) (n ¼ 1431)
Fruits 2.01 ± 0.71 1.99 ± 0.67 2.02 ± 0.74 0.4056
Vegetables 2.21 ± 0.77 2.19 ± 0.74 2.22 ± 0.79 0.4782
Sugar-sweetened beverages 3.10 ± 4.44 3.43 ± 4.67 2.87 ± 4.28 0.0187

Differences were analyzed using t-test (quantitative variables) and chi-squared (categorical variables) tests. Significant differences were denoted at P < 0.05.
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sweetened beverage per day) by food security status (food secure vs
food insecure). Differences for absolute values in demographic
characteristics between food-secure and food-insecure students
were analyzed using t-tests and chi-squared tests.

The testing of our hypothesis was based on the identification of
the most parsimonious statistical model balancing the variables of
interest. Multiple regression analyses were performed to evaluate
the impact of food security, PWB, and stress on the BMI of all stu-
dents, then on the BMI of students classified as overweight or
obesity specifically (with and without comorbidities) and on sugar-
sweetened beverage intake (fruit and vegetable intake were not
included since there were no differences by food security status).
Multiple regression models were adjusted by age, gender (male as
the reference group), enrollment status (full-time as the reference
group), year in school (fifth year as the reference group), housing
(campus housing as the reference group), physical activity (minutes
of doing moderate physical activity in the last seven days), and race
(White students as the reference group). All residuals were tested

for normality after visual evaluation (residuals ± 3 standard de-
viations were removed from the regression models).

Simple mediation models were conducted to evaluate the in-
fluence of PWB and stress on the relationship between food inse-
curity and obesity. Simple mediation was conducted according to
the bootstrapping technique. Bootstrapping is a statistical approach
in which cases from the original data set are randomly re-sampled
with replacement to re-estimate the sampling distribution. From
the sampling distribution, confidence intervals (CIs) are then con-
structed. A conditional indirect effect is considered ‘significant’ if
zero is not contained within the upper and lower CIs.26 PWB and
stress were tested as mediators in the relationship between food
insecurity and BMI. The followingmodels were proposed: 1) Model
1: The relationship between food insecurity and BMI will be medi-
ated by PWB scores (Model 1a) and level of stress (Model 1b); and 2)
Model 2: The relationship between food insecurity and dietary
intake of fruits (Model 2a1(PWB)/Model 2b1(stress)), vegetables (Model
2a2(PWB)/Model 2b2(stress)), and sugar-sweetened beverages (Model

x = Food security y = BMI

C1 (age), C2 (gender), C3 (student status), 
C4 (enrollment status), C5 (housing), C6

(moderate PA), C7 (race/ethnicity)

ba

c

Mediators:
Model 1a. PWB

Model 1b. Stress levels

x = Food security y = fruits (M2a1(PWB)/M2b1(stress)), vegetables 
(Model 2a2(PWB)/Model 2b2(stress)), and 
sugar-sweetened beverages (Model 

2a3(PWB)/Model 2b3(stress)) intake.

C1 (age), C2 (gender), C3 (student 
status), C4 (enrollment status), C5

(housing), C6 (moderate PA), C7

(race/ethnicity)

ba

c

Mediators:
Model 2a. PWB

Model 2b. Stress levels

Fig. 1. Mediation models.
Simple mediation. Conceptual models (models 1a and 1b) showing the direct path (c) and mediated path (a and b) between food security and BMI controlled by covariates.
Simple mediation. Conceptual models (models 2a and 2b) showing the direct path (c) and mediated path (a and b) between food security and diet (fruits, vegetables, and sugar-
sweetened beverages intake) controlled by covariates.
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2a3(PWB)//Model 2b3(stress)) will be mediated by PWB scores (Models
2a(1-3)) and level of stress (Models 2b(1-3)) (see Fig. 1).

Missing values were treated by complete case analysis, in which
missing values were excluded from the analysis. The significance
level was considered a¼ 0.05 for all statistical analyses. All analyses
were performed with SAS statistical software (version 9.4,
2002e2012 by SAS Institute Inc., Cary, NC).

Results

Demographic characteristics

The demographic characteristics of our sample are summarized
in Table 1 by food security status. From the total sample
(n ¼ 1439), college students ages 18e69 years were included.

Most of the students in our sample were female (gender), White
(race), in their first year of study (student status), full-time stu-
dents (enrollment status), and living off-campus (housing). Sig-
nificant differences were observed for gender, race/ethnicity,
student status, housing, financial challenges, and BMI scores
(P < 0.05). A total of 23.42% (n ¼ 326) of the students were
overweight, and 22.63% (n ¼ 315) exhibited obesity according to
their BMI. Regarding stress, PWB, physical activity, and diet
characteristics, significant differences were observed in levels of
stress, PWB, and sugar-sweetened beverage intake by food secu-
rity status (P < 0.05).

Relationship between food security, psychological well-being, stress,
and BMI

Among this sample of college students, 44.54% were food
insecure, while 55.46% were food secure. Significant differences
were seen when considering BMI classification by food-security
status, such that a higher percentage of individuals with obesity
was observed among food-insecure college students (P ¼ 0.0003)
(Fig. 2).

Table 2 shows results for the multiple regression models
assessing the contribution of food security, PWB, and stress on
both BMI (students with overweight/obesity [BMI >24.9 kg/m2]
only) and intake of sweetened beverages. Multiple regression
models were adjusted for age, gender, student status, enrollment
status, housing, physical activity, and race/ethnicity. All analyses
yielded statistically significant models (P < 0.05). High food-
security scores (being food secure), older age, being a full-time
student, and being White, Asian/Asian American, or Black/Afri-
can American (each group was compared to the entire population)
were positively associated with higher BMI scores (P < 0.05).
Considering only those with overweight and obesity (with and
without comorbidities), high food-security scores, older age, and
being White or Black/African American (each group was compared
to the entire population) were positively associated with their BMI
(P < 0.05). Finally, high food-security scores, high stress, and being
White or Asian/Asian American (each group was compared to the
entire population) were positively associated with a higher intake
of sugar-sweetened beverages (P < 0.05). Physical activity

Fig. 2. BMI classification by food-security status (food secure/food insecure) in a
sample of college students.

Table 2
Multiple regression analysis testing the effect of food security, psychological well-being, and stress on BMI among all students, on BMI in students with overweight or obesity
(with and without comorbidities), and on sugar-beverage intake in a sample of multiracial college students.

Variables (n ¼ 1439) BMI (kg/m2) BMI (kg/m2) in students with
overweight and obesity
(with and without
comorbidities)

Sugar-sweetened beverage
intake

F([11,1276] ¼ 15.63,
P < 0.0001, R2 ¼ 0.1196)

F([10,590]¼ 4.81, P < 0.0001,
R2 ¼ 0.0608)

F([10,1216] ¼ 3.43 P ¼ 0.0002,
R2 ¼ 0.0277)

b P-value b P-value b P-value

Food security 0.2638 0.0003 0.22194 0.0278 0.06651 0.0171
Psychological well-being �0.03387 0.0789 �0.01921 0.4655 �0.0000982 0.9893
Stress level (high) �0.11666 0.7464 0.03526 0.943 0.31787 0.022
Covariates
Age 0.21881 <0.0001 0.11969 0.0003 �0.01384 0.2092
Gender (male) 0.35909 0.2992 �0.59194 0.214 0.20142 0.1263
Enrollment status (full-time) �1.6027 0.0051 �0.20858 0.7525 0.15136 0.4831
Year in school (5th year) 0.8315 0.1468 0.15859 0.8128 0.14038 0.5099
Housing (campus) �0.14563 0.685 �0.14489 0.7819 0.14035 0.3052
Physical activity (minutes moderate PA) �0.00119 0.0029 �0.00179 0.0416 �0.0003736 0.0136
Race (White) �0.66139 0.0352 �1.51585 0.0005 �0.25645 0.0302

All models adjusted for age, gender, race, student status, enrollment students, and housing. Models use male, full-time, 5th-year, campus housing, and White students as
reference groups. Significant differences were denoted at P < 0.05.
Differences were analyzed using chi-squared test. Significant differences were denoted at P < 0.05.
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(moderate PA) was negatively associated with BMI scores in the
entire sample and in those with overweight or obesity (P ¼ 0.0029
and P ¼ 0.0416, respectively). In addition, moderate PA was
associated with a lower intake of sugar-sweetened beverages
(P ¼ 0.0302).

Simple mediation models

The models evaluating the mediation role of PWB in the rela-
tionship between food insecurity and BMI (Model 1a) and the
mediation role of levels of stress in the relationship between food
insecurity and sugar-sweetened beverage intake (Model 2b3)
showed statistically significant results (P < 0.05). Models evaluating
the mediation role of level of stress on the relationship between
food insecurity and BMI (Model 1b) and the mediation role of PWB

in the relationship between food insecurity and dietary intake of
fruits (Model 2a1), vegetables (Model 2a2), and sugar-sweetened
beverages (Model 2a3) and the mediation role of levels of stress
in the relationship between food insecurity and dietary intake of
fruits (Model 2b1) and vegetables (Model 2b2) were not statistically
significant (data not shown).

Model 1a hypothesized that PWB mediates the relationship
between food insecurity and BMI. To test this hypothesis, confi-
dence intervals (CIs, 95%) were generated. Results of the indirect
effect, based on a bootstrapped sample of 1,000, revealed that zero
was contained within the lower and upper limits in White, Asian/
Asian American, Hispanic or Latino/a/x, and multiracial students,
indicating that PWB did not mediate the relationship between food
insecurity and BMI. However, among Black/African American stu-
dents, PWB mediates the relationship between food insecurity and

Table 3
Unstandardized coefficients for psychological well-being as mediator in the relationship between food security and BMI (model 1a), and for stress as mediator in the rela-
tionship between food security and sugar-sweetened beverages intake (model 2b3) in a sample of college students controlled by covariates.

Path b-coefficient SE t P-value

Model 1a
White
Food security to psychological well-being a1 �0.5984 0.1069 �5.5975 <0.0001
Psychological well-being to BMI b1 �0.0322 0.0186 �1.735 0.083
Food security to BMI c 0.2785 0.0709 3.9281 0.0001
Indirect effect CI (�0.0035, 0.0447)

Asian or Asian American
Food security to psychological well-being a1 �0.5937 0.107 �5.5483 <0.0001
Psychological well-being to BMI b1 �0.0316 0.0185 �1.7059 0.0883
Food security to BMI c 0.2696 0.0706 3.8167 0.0001
Indirect effect CI (�0.0039, 0.0421)

Black or African American
Food security to psychological well-being a1 �0.6273 0.1071 �5.8569 <0.0001
Psychological well-being to BMI b1 �0.0389 0.0185 �2.1074 0.0353
Food security to BMI c 0.2468 0.0706 3.4938 0.0005
Indirect effect CI (0.0009, 0.0499)

Hispanic or Latino/a/x
Food security to psychological well-being a1 �0.5912 0.1068 �5.5354 <0.0001
Psychological well-being to BMI b1 �0.0309 0.0186 �1.6613 0.0969
Food security to BMI c 0.2854 0.0709 4.0255 0.0001
Indirect effect CI (�0.0043, 0.0427)

Biracial or Multiracial
Food security to psychological well-being a1 �0.5934 0.1066 �5.564 <0.0001
Psychological well-being to BMI b1 �0.0312 0.0186 �1.6724 0.0947
Food security to BMI c 0.2866 0.0709 4.0426 0.0001
Indirect effect CI (�0.0048, 0.0426)

Model 2b3

White
Food security to stress a1 0.0834 0.0092 9.0472 <0.0001
Stress to sugar-sweetened beverages b1 0.4554 0.1767 2.5777 0.0101
Food security to sugar-sweetened beverages c 0.1775 0.0581 3.0547 0.0023
Indirect effect CI (0.0097, 0.0672)

Asian or Asian American
Food security to stress a1 0.0827 0.0092 8.9555 <0.0001
Stress to sugar-sweetened beverages b1 0.4703 0.1762 2.6693 0.0077
Food security to sugar-sweetened beverages c 0.168 0.0581 2.8917 0.0039
Indirect effect CI (0.0107, 0.0687)

Black or African American
Food security to stress a1 0.0859 0.0092 9.3031 <0.0001
Stress to sugar-sweetened beverages b1 0.4771 0.1772 2.6922 0.0072
Food security to sugar-sweetened beverages c 0.1714 0.0584 2.9352 0.0034
Indirect effect CI (0.0106, 0.0691)

Hispanic or Latino/a/x
Food security to stress a1 0.0826 0.0092 8.9554 <0.0001
Stress to sugar-sweetened beverages b1 0.4556 0.1763 2.5836 0.0099
Food security to sugar-sweetened beverages c 0.1764 0.058 3.0399 0.0024
Indirect effect CI (0.0093, 0.0667)

Biracial or Multiracial
Food security to stress a1 0.0824 0.0092 8.9445 <0.0001
Stress to sugar-sweetened beverages b1 0.4609 0.1765 2.6112 0.0091
Food security to sugar-sweetened beverages c 0.1747 0.0581 3.0096 0.0027
Indirect effect CI (0.0097, 0.0678)

Significant differences were denoted at P < 0.05.
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BMI. Model 2b3 hypothesized that stress levels mediate the rela-
tionship between food security and sugar-sweetened beverage
intake. Results of the indirect effect, based on a bootstrapped
sample (n ¼ 1000), revealed that stress mediates the relationship
between food security and intake of sugar-sweetened beverages
among all races/ethnicities (measured by race/ethnic) (Table 3).

Discussion

The primary aim of this study was to evaluate the influence of
food insecurity on BMI and diet-related behaviors in college stu-
dents. The second aimwas to assess whether PWB and stress levels
mediated this relationship. The present study accepted the hy-
pothesis that higher food insecurity impacts BMI and that food
insecurity and stress influence the intake of sugar-sweetened
beverages among college students. Results from mediation
models revealed that PWB, but not stress, mediated the relation-
ship between food insecurity and BMI among Black/African
American students only. Regarding diet-related behaviors, high
stress levels mediated the relationship between food insecurity and
sugar-sweetened beverage intake among all college students.

Food insecurity is recognized for contributing to compromised
caloric and micronutrient intake, influenced by multiple factors.
Based on these present findings, contributions of gender, race/
ethnicity, student status, student housing, stress level, PWB,
physical activity level, BMI, and consumption of sugar-sweetened
beverages appear to contribute to food-security status. These
findings suggest that food-insecure students are not a homogenous
portion of the undergraduate college student population, and that
food insecurity tends to be more prevalent among those who
represent socially and financially marginalized sectors of the pop-
ulation. Multiple regression analysis showed that higher food
insecurity, older age, full-time enrollment status, and lower PA
were positively associated with a higher BMI score (P < 0.05).
Similar results have previously been seen among US adults after
food insecurity increased from 1999 to 2016, and food insecurity
was greater in adults with greater adiposity, including those with
abdominal obesity.27 Among college students, it appears that food
insecurity in combination with obesogenic behaviors (such as
eating large quantities of highly processed foods over healthy food
choices) contribute to greater adiposity.28

Our results demonstrate a mediation effect of PWB in the rela-
tionship between food security and BMI in Black/African American
students only. Students of color are known to deal with unique and
stressful external challenges and balance such challenges with their
own perception of being well in the midst of adversity. Previous
evidence has shown that PWB for Black/African Americans is
moderated by perceived discrimination and that racism has an
impact on theirmental health (not assessed in this study).29,30 There
is also research supporting different levels of resilience among in-
dividuals as they navigate the college experience,31 as well as vari-
able perceptions of having a successful and positive outcome (PWB)
after completion of their academic pursuits.32e34 These findings
may suggest that some minority students are able to navigate
college-related stress with a degree of success, but such successful
navigation does not translate into an overall personal sense of PWB.

Stress refers to physical, emotional, or psychological events that
occur in an individual's life and the degree towhich they respond to
the changes they experience.21 High stress levels mediated the
relationship between food insecurity and sugar-sweetened
beverage intake among students. Although the behavioral and
physiological mechanisms for which food insecurity influences
stress and PWB have not been clearly identified, research docu-
ments higher odds of stress perception among those who are food
insecure, which could potentially mediate a poor relationship

between food insecurity and health. Individuals who struggle to
meet basic needs often fight a silent, lonely battle. Students who are
food insecure are more likely to hide their experiences due to fear
of social stigma or shame35 and are more likely to report feeling
lonely.35,36 Our results bring relevant insight into how stress may
be a strong and significant mediator on the relationship between
food insecurity and sugar-sweetened beverage intake among stu-
dents. This observation has the potential to open new venues of
exploration into how experiencing perceived stress can increase
the hedonic consumption of calorically dense foods, which can,
consequently, bring insight into a potential mechanistic role of the
sympathetic adrenal medullary system and the hypothalamic-
pituitary-adrenal (HPA) axis. Stress stimulates the release of
corticotropin-releasing factor from the hypothalamus, which, in
turn, stimulates the synthesis of adrenocorticotropic hormone from
the anterior pituitary, subsequently triggering the production of
glucocorticoids such as cortisol or corticosterone in the adrenal
cortex. Repeated and uncontrollable stress can, over time, dysre-
gulate the HPA axis, which, consequently, affects energy homeo-
stasis and eating behavior.37

Traditional food insecurity research associates food insecurity
with financial stress that influences inconsistent access to enough
food to meet basic nutritional needs.4 The findings of this study
demonstrate that the impact food insecurity may have on weight
management is complex and multifactorial in nature. Our investi-
gation provides an opportunity to hypothesize a potential role of
nutritional and wellness education as a contributor to reduce the
impact of food insecurity among college students. The reported
stressors faced by college students as they transition into a higher
level of decision-making autonomy may impair this population to
make judgmental decisions on the accessibility, as well as the
quality and quantity, of food needed to achieve nutritional health, a
phenomenon that goes beyond financial means. On the other hand,
environmental factors such as lack of access to nutritional foods at
low cost on college campuses may be impacting health habits. Our
findings underscore the importance of research that will better
qualify the intrinsic and extrinsic potential influences of factors
defining food insecurity and their contribution to overall health,
particularly among college students, who quadruple in prevalence
of food insecurity when compared to the general population.

As with all epidemiological studies, our investigation is not
exempt from limitations. The USDA Six-Item Short Form, although
widely used and reputable by its validity and reliability in adult
populations, is not a comprehensive tool, and there is a recognized
need for a measurement tool specific to college students.4,38 This
study is also limited by the utilization of self-reported data,
particularly a stress measure that relies solely on self-perception
and the self-report of diet-related behaviors. It is also limited by
the exclusion of some racial/ethnic groups due to very small sample
size. Furthermore, students’ perceptions of food access may have
been impacted by the recent COVID-19 pandemic, as data were
collected in the fall of 2020. Finally, this study does not account for
the dining environment on or near campus that may contribute to
obesogenic behaviors. However, the study is strengthened by the
substantial sample size and the homogeneity characterized in a
college student population, where the standard errors are small,
and the parameter estimates for statistical analyses are reduced.

Although food insecurity as a communal phenomenon has been
widely studied, the complexetiologyof being food insecure seems to
require further understanding, particularly when considering that
food insecurity does not equally affect all portions of society. An
understanding of the factors that underlie such a phenomenon and
the impact that it can have on the overall health of a population in
need is pivotal. These findings, as well as the cumulation of previ-
ously published studies, support the need for college and university
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programs to support food-insecure college students, as well as state
and federal policies. Though financial support is made available to
qualifying students through federal financial aid, loans, and grants,
this aid is often insufficient at covering the cost of tuition, housing,
and other basic financial needs.39,40 Additionally, though federal
programs such as the Supplemental Nutrition Assistance Program
(SNAP) are available to American adults in need of food assistance,
there are restrictive eligibility requirements thatmake it difficult for
college students toqualify for thismonetary benefit towardsgrocery
purchases.41,42 In an average month, SNAP provided $218 per indi-
vidual to purchase groceries in 2021,3 yet college students often do
not qualify for this benefit due to the need to meet more eligibility
requirements than an adult not enrolled in college courses (e.g.,
work a minimum of 20 h aweek, be responsible for a dependent(s),
etc.).41,42 Expanding the eligibility requirements for SNAP and other
federal programs to bemore inclusive of college students could help
to mitigate the burdensome effects of food insecurity. Additional
strategies could be related to the growing evidence in supporting of
universal free meals (e.g., in K-12 students), which has been shown
to improve academic outcomes as well as healthy weight out-
comes.43e46 Universal free meals are an example of an educational
andpublic health policywith theoretical promise for application in a
higher education setting. In the USA, many institutes of higher ed-
ucation require minimum meal plans for students, especially first-
year students, and there is evidence that students who have fewer
meals in their plan are less food secure.47 However, it seems that
studentswhoworked tended touse theirmeal plan less, presumably
due to working during the hours meal plan meals are available.47

Further research is needed to determine if students with sufficient
meal plans are less food insecure and how changes in student meal
plan policies impact food access, academic and healthy weight
outcomes. Institutes for higher education may also explore the
wellnesspromotionprograms (e.g., those that includeactivities such
as sleep, stress management, and self-care) and food pantries that
are available to implement strategies to reduce not only the food
insecurity but also to reduce theburdenon stress andPWBrelated to
food insecurity.

Research efforts furthering the findings of this study are also
needed to reduce the gap in educational and health disparities for
this generation and generations to come. These efforts should
include interventions to identify and address the underlying causes
of food insecurity in college students, including cultural aspects as
well as negative health consequences associated with this popula-
tion experiencing food insecurity. Interventions should use a socio-
ecological approach by addressing the societal-level causes of food
insecurity aswell as actions to address food insecurity per individual
college student. This would include consideration of public policies,
environmental and community factors, including the college
campus community more specifically, and the possible positive in-
fluence of social relationships in intervention design and delivery.
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a b s t r a c t

Objectives: Gambling causes significant public health harms that are addressed in the help service
network. Helplines are the most widely used service among those experiencing harms. The COVID-19
pandemic changed the global gambling landscape. This study assesses the effect of COVID-19-related
restrictions on help-seeking for gambling via helplines.
Study design: We analysed data of national helplines in Sweden, Finland, and Denmark before and during
the pandemic. The countries differed in their restrictions on the availability and accessibility of gambling
during the pandemic.
Methods: We performed an interrupted time series analysis of contact and web traffic data to helplines
in Sweden, Finland, and Denmark before and during the COVID-19 pandemic (2017e2021). We also
compared forecasted time series to the actual data to assess change.
Results: The results show diverging patterns across the three countries. In Sweden, the number of
helpline contacts remained stable throughout COVID-19, but there was an increasing trend in website
visits. In Finland, the number of contacts declined during the first wave but rebounded during the second
wave. Website visitation increased moderately. In Denmark, the number of contacts to the helpline
soared over the COVID-19 period.
Conclusions: The diverging results suggest that help-seeking behaviour is likely to be impacted by
differing policy approaches to gambling availability and limit-setting, visibility of helplines, and the
prevalence of different forms of gambling in the three Nordic countries before and during the pandemic.
This has implications for a preventive public health approach for gambling.
© 2023 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Gambling causes serious harms to individuals, concerned sig-
nificant others (CSOs), and societies. Globally, the prevalence rates
of self-reported problem gambling range between about .5 and 7.6
percent in the population, with an average rate of about 2.3
percent.1,2 Prevalence rates vary according to context but also
depending on methodological differences such as measures and
samples.1 In addition to problematic behaviour, gambling also
causes a variety of other harms, ranging from financial difficulties
and relationship harms to mental health problems and even

suicidality.3e5 Some gambling products cause more harms and
problems than others. A meta-analysis of problem gambling risk
factors6 shows that the highest odds ratios (ORs) are for online
gambling (OR 7.59), non-casino electronic gambling machine
(EGM) gambling (OR 7.20), and casino EGM gambling (OR 6.78).
Greater availability has also been connected to increased problems
or harms, although levels of problem gambling may plateau over
time due to ‘adaptation’ or more effective harm prevention.7,8

After onset, gambling problems are addressed by help, support,
and treatment services. Financial and emotional issues have been
identified as the main motives for help seeking.9 Most help services
are aimed at individuals who experience severe harms due to their
own gambling. Services include formal approaches such as social
work, medical help, peer support, and debt counselling but also
informal approaches such as self-help.10e12 Overall, a minority of
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individuals with gambling-related problems seek help. A recent
systematic review suggested that only four percent of individuals
with moderate problems and 20 percent of individuals with severe
problems sought help.13

Helplines are a first-line support for individuals experiencing
problems with gambling.14e16 A recent survey found that 82
gambling helplines operate globally.14 Helplines offer brief in-
terventions, motivational interviewing, emotional support, infor-
mation, and referrals to other treatment.14,17 Helplines provide
services via telephone, but in many cases also via chats, e-mail, text
messages, as well as online resources.14 Helplines are also actively
promoted, and individuals experiencing gambling problems are
usually aware of them.16

Many helplines routinely collect data on contacts. Data consist
either of pre-set questionnaires or spontaneous observations by
employees.14 Statistical data from helplines have been used to
inform research about developments in the gambling field,
including gambling products that cause problems,18,19 the socio-
demographic characteristics of help-seekers,20e22 the types of
harms experienced,23 and education.24 Helpline data can therefore
be useful inmeasuring trends and changes in problematic gambling
within and across societies.

In 2020, the onset of the COVID-19 pandemic caused significant
changes in the field of gambling. Across jurisdictions, availability
was restricted due to lockdown measures. Regulatory actions were
also taken in some jurisdictions to curb possible increases in online
gambling. These included stricter limit-setting measures as well as
marketing restrictions.25 Evidence on the impacts of the pandemic
on gambling suggests an overall reduction in gambling behaviour
in most contexts, with no significant substitution from land-based
to online gambling.26e28 Data from treatment providers have also
not indicated increases in treatment uptake during COVID-19.29,16

Available qualitative and quantitative evidence suggests that the
reduced availability of gambling during the pandemic may have
translated to reduced service needs.16,30,31

However, little research has been conducted on the effects of
COVID-19 and related restrictions on availability and gambling
opportunities using helpline data. Helpline data is a comparatively
reliable data source to investigate changes during COVID-19
because unlike many other treatment services for gambling prob-
lems, helplines remained operational during the pandemic.31 Only
one study from Ontario16 used gambling helpline data from a 5-
year period (March 2015eMarch 2021) and interrupted time se-
ries analyses to examine how changes in gambling availability due
to COVID-19 was visible in helpline calls. The study showed an
initial dramatic decline in contacts after casino closures in 2020, but
a later rebound. No comparative evidence currently exists on the
effects of COVID-19 on helpline contacts.

The aim of the current study is to examine the impact of COVID-
19 restrictions on contacts to gambling helplines in three Nordic
countries (Sweden, Finland, and Denmark) with differing ap-
proaches to limiting gambling availability during the pandemic.
Using longitudinal data (2017e2021) from helplines and a compar-
ative setting allows wider conclusions on the differences between
the impact of restrictions during COVID-19, but also gambling policy
systems, availability, and effective prevention of harm.

Methods

Context

Sweden, Finland, and Denmark have similar gambling markets
with wide availability of different types of gambling both land-
based and online. In Sweden and Denmark, online gambling is
provided by licensed operators, whereas in Finland, online

gambling is provided by a national monopoly operator. Online
gambling is prevalent in each country. Each included country also
has a national helpline to assist with gambling-related problems.

The Swedish St€odlinjen helpline is run by the Centre for Psy-
chiatry Research at Stockholm County Council and funded by the
Swedish Ministry of Health and Social Affairs. St€odlinjen was
established in 1999. It provides support to gamblers and CSOs.
St€odlinjen provides service by phone, chat, e-mail, and online re-
sources such as self-testing. The helpline operates on weekdays
between 9 am and 4 pm (except Mondays between 9 am and 9 pm
and Thursdays between 11 am and 9 pm).

Peluuri is a Finnish gambling help service. It was established in
2004, and it has been financed by the monopolistic gambling
operator Veikkaus. The target group of the services of Peluuri are
gamblers, CSOs, and other professionals encountering gambling
harms. The service also welcomes digital gamers and their signifi-
cant others. The helpline operates onweekdays between 12am and
6pm via phone and chat. In addition, Peluuri provides online re-
sources, including online peer support.

StopSpillet is the Danish national gambling helpline. StopSpillet
was established in 2019 as the first national gambling helpline
service, and it is run by the Danish Gambling Authority. The main
target groups are gamblers, CSOs, and professionals.
StopSpillet also caters for digital gamers and their CSOs. StopSpillet
operates via telephone and chat. The telephone services operate
during weekdays between 9 am and 9 pm (except Fridays between
9 am and 5 pm). The chat operates from Monday to Thursday be-
tween 5 pm and 9 pm.

Data

We used two separate data sets collected in the daily operations
of St€odlinjen (SE), Peluuri (FI), and StopSpillet (DK).

The first data set consists of helplines' counselling services
(telephone and chat). In each country, contacts are logged into the
helpline system automatically or manually. The collected variables
differ across helplines, but the data entry procedure is similar: after
the call, the counsellor manually enters data about the content of
the conversation using an online interface, while the time stamps of
calls are automatically logged.

For this study, we focused only on the number of calls, and not
their contents. We included all calls or other contacts that had a
start and end time, regardless of if the contacts were from gam-
blers, CSOs, or other types of callers (e.g. from treatment providers
or wrong numbers). The wrong numbers mainly consisted of con-
tact attempts to gambling providers. However, these were included
because they also provide a possibility for an intervention. The
Swedish helpline provided counselling service data for the period
2017 to 2020, the Finnish helpline for the period 2017 to 2021, and
the Danish helpline for the period 2019 to 2021 (the Danish help-
line started their operations in 2019).

The second data source consists of the number of visitors to
helpline websites. In each country, data were collected using
Google analytics from 2019 to 2021. In Sweden and Finland, Google
analytics datawere available daily. In the Danish case, only monthly
Google analytics data were available, with a shorter baseline (three
months). For this reason, we did not perform a forecast and present
only actual data for Denmark.

COVID-19 restrictions

The most important periods of societal restrictions and avail-
ability limitations of gambling during COVID-19 were identified
based on online scanning of Swedish, Finnish, and Danish
governmental websites, websites of gambling operators in these
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countries, and information channels of popular sports leagues in
the Nordics and Europe. Table 1 summarises the main periods of
restrictions used in the interrupted time series analysis.

Analysis

We analysed the influence of COVID-19-related restrictions on
help-seeking using interrupted time series analysis. The method
allows analysing how events in society (the COVID-19 pandemic)
affect subsequent behaviours (help-seeking via gambling
helplines).32

We analysed both sets of data using dynamic harmonic
regression models with ARIMA errors, using the R-packages fable
and feasts.33,34 These models are feasible when a time series con-
tains complex seasonality, as suggested by Hyndman and Athana-
sopoulos.35 The number of Fourier terms for each seasonal
component were selected based on ocular inspection.35 To prevent
holiday effects in the counselling service data, we calculated the
average number of calls per day and week. Based on this, if a
helpline operated only three days instead of five, the average
number of calls per day were based on a three-day week. This
modus operandi is suggested by Hyndman and Athanasopoulos35 to
prevent arbitrary patterns in the time series. The Google analytics
data on the number of visitors to helpline webpages were analysed

as daily data without holiday adjustments, since webpages are
available at any time of day and regardless of holidays.

We modelled counselling contacts by adding monthly and
yearly seasonal components to the models and presuming that a
‘helplineweek’ is five days. Themonthly period was therefore set to
4.35 (a month contains 4.35 weeks on average), and the yearly
period was, in the same manner, set to 52.2. For the Google ana-
lytics data, three seasonal components were added to the models:
weekly, monthly, and yearly. To determine if the residuals were
‘white noise’, we performed BoxePierce tests. Moreover, and to
minimise bias, if the residual's mean differed from zero, the re-
sidual mean was subtracted from the forecasted point estimates as
suggested by Hyndman and Athanasolous.35 The forecasted time
series were then compared to actual data by calculating prediction
errors for each period of interest. The prediction errors are pre-
sented in percent with P-values and 95% confidence intervals.

The data were forecasted for the period 13.3.2020 to 13.3.2021,
except for Sweden where the period ended on 31.12.2020. For all
data sets, comparison between predicted and actual data were
made for the periods; 1) during cancelled sports events, 2) the first
wave of the pandemic, 3) reduced deposit limits (Sweden and
Finland), 4) between the first and second wave of the pandemic, 5)
the second wave of the pandemic, and 6) the entire forecast
period.

Table 1
Restrictions on gambling availability during COVID-19 in Sweden, Finland, and Denmark.

Restriction Sweden Finland Denmark

Closure of EGMs, casinos, arcades
First wave 30.3.2020e5.7.2021a 14.3.2020e15.7.2020 18.3.2020e7.6.2020
Second wave e 26.11.2020e6.5.2021c 9.12.2020e20.5.2021
Third wave e 6.8.2021e1.10.2021c 17.12.2021e31.1.2022

Reduced limits for online gambling 30.6.2020e14.11.2021 1.5.2020e18.6.2021 n/a
Sport event cancellationsb 13.3.2020e15.6.2020

a The four land-based casinos in Sweden were closed at the casino's own initiative due to visitor restrictions.
b Major European football leagues (England, Germany, Italy, Spain, France þ Sweden, Finland, Denmark) and major hockey leagues (NHL, KHL þ Sweden, Finland). Games

cancelled on average on the 13th of March 2020. Games resumed at varying times but starting around the week of 15th of June 2020.
c Varying regional restrictions, not applicable to the whole country simultaneously.

Table 2
Difference (%) between actual and forecasted data for Sweden, Finland, and Denmark.

Country Source Period Diff % 95% CI P-value

Sweden Web 13.3e15.6 2020a,b 12.7 9.2, 16.1 <.0001
Sweden Web 30.6e31.12 2020c .5 �2.1, 3.1 .68
Sweden Web 13.3e31.12 2020f 5.3 3.1, 7.4 <.0001
Sweden Telephone W11eW25 2020a,b �1.1 �12.1, 9.9 .83
Sweden Telephone W27eW52 2020c .1 �5.9, 7.6 .80
Sweden Telephone W11eW52 2020f .4 �5.0, 5.8 .88

Finland Web 13.3e15.7 2020a,b 2.9 �1.8, 7.6 .23
Finland Web 16.7e8.12 2020d 1.3 �1.7, 4.4 .39
Finland Web 26.11.20e13.3.21e 5.5 1.3, 9.7 .010
Finland Web 13.3.20e13.3e21c,f 4.0 1.7, 6.4 <.001
Finland Telephone W11eW29 2020a,b ¡15.8 ¡26.4, -5.1 <.01
Finland Telephone W30eW47 2020d �10.6 �20.4, .26 .055
Finland Telephone W48 2020-W10 2021c 12.5 1.1, 24.0 .033
Finland Telephone W11 2020-W10 2021c,f �2.6 �10.2, 5.1 .50

Denmark Telephone W11eW25 2020a,b 38.2 4.7, 71.2 <.01
Denmark Telephone W26eW49 2020d �.4 �16.0, 15.1 .95
Denmark Telephone W50 2020-W10 2021e 105.8 81.1130.5 <.0001
Denmark Telephone W11 2020-W10 2021f 37.9 20.2, 55.6 <.001

Bolded lines indicate P-values of 0.05 or less.
a Cancelled sports events.
b The first wave of the pandemic.
c Reduced deposit limits (Sweden and Finland).
d Between the first and second wave.
e The second wave of the pandemic.
f The entire period.
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The code and data used for the analysis are available in a
separate repository https://osf.io/gk42s/.

Results

Result show that Sweden, Finland, and Denmark differ in terms
of how the COVID-19-related restrictions affected contacts to
helplines. Table 2 and Fig. 1 show the difference in percentage
between actual and forecasted data (contacts and Google analytics).
Regarding regression model diagnostics, the BoxePierce tests
showed non-significant results, indicating that the residuals in all
models can be considered ‘white noise’.

In Sweden, we found no support for any effect on helpline
counselling contacts of the various COVID-19 restrictions on
gambling availability (closures of land-based casinos), cancelled
sports events, or the temporary deposit limits for online gambling.
However, there was a general increase in website visitors, 5.3
percent for the entire period, and a 12.7 percent increase during the
period of cancelled sports events.

In Finland, counselling contacts decreasedby15.8 percent during
the initial phase of the pandemic (first wave), during which there
were restrictionsonboth land-basedandonline gambling.However,
during the second wave of closures, counselling contacts increased
by12.5percent. In termsofwebsitevisitors in Finland, thenumberof
visitors increasedby four percent over thefirst yearof the pandemic.

Denmark showed a different pattern compared to Sweden and
Finland. Counselling contacts increased dramatically during the
first and second waves of reduced gambling opportunities, by 38.2
percent and 105.8 percent, respectively. This was observed even
though many land-based gambling opportunities were closed in
Denmark.

Discussion

This paper has investigated changes and trends in help-seeking
for gambling-related problems during COVID-19-related re-
strictions in Sweden, Finland, and Denmark, using longitudinal
statistical data collected by national helplines for gambling. The

Fig. 1. Time series with forecasted data (with 95% prediction intervals) and actual data for Sweden, Finland, and Denmark. The various COVID-19 restrictions are marked with
vertical lines. Note. A ¼ restriction of land-based gambling opportunities during the first wave of the pandemic, B ¼ cancellation of sports events, C ¼ mandatory deposit limits,
D ¼ restriction of land-based gambling opportunities during the second wave of the pandemic.
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results have shown diverging patterns in terms of the number of
contacts. In Sweden, the number of helpline contacts has remained
stable, and COVID-19 does not appear to have affected help-seeking
behaviour. In Finland, the number of contacts initially declined but
later rebounded, whereas in Denmark, the number of helpline
contacts soared during the entire period. This divergence can be
explained by the baseline prevalence of different gambling forms,
the visibility of helplines, and different policy approaches to
gambling availability and limit-setting.

First, the results show that COVID-19-related restrictions did not
impact all contexts similarly. Previous literature on the effects of the
pandemic on gambling has suggested that, in most cases, online
gambling did not substitute land-based provision. Instead, land-
based gambling participation reduced following restrictions,
whereas online gambling intensified among some of those who
already gambled online.26e28,36 The baseline prevalence of online
gambling, and particularly the role of online gambling as a vector for
harms and help-seeking before the pandemic, may explain part of
the divergence. In Finland, awide availability of land-based EGMs in
non-casino environments had translated into high levels of EGM
harms and help-seeking for EGM harms before the pandemic.37,38

Unlike in most contexts, in prepandemic Finland, online gambling
was not connected to higher gambling harms than land-based
gambling due to harms caused by EGMs.39 The closure of land-
based EGMs is likely to be behind reduced help-seeking in the
Finnish context. In Denmark and Sweden, online forms of gambling
were more important causes of harms before the pandemic.40,41

Previous evidence from Sweden and Denmark also suggests that
online gambling did not decrease significantly in these contexts
during the first months of the pandemic.42,36,43,44 This can explain
whyclosures of land-basedgamblingopportunities didnot translate
to similar reductions in help-seeking in Sweden and Denmark.

Second, the results suggest that advertising and visibility of
helplines attracts traffic to these services. In each country, licensed
or monopolistic gambling companies must advertise helplines. This
visibility can drive particularly website visitation. In Denmark, a
public information campaign advertising the services for Stop-
Spillet occurred during spring and autumn of 2020 (March 9eApril
19; September 14eOctober 25) in social media as well as outdoors
and in cinemas. StopSpillet is also younger than its Swedish and
Finnish counterparts, which may partly explain the increase in
help-seeking in Denmark. On the other hand, unlicensed online
providers do not advertise helplines. Particularly in Finland, with a
monopolistic gambling market, a significant part of gambling, and
particularly problematic gambling, takes place in non-licensed
online websites. In 2021, the market share of the monopoly was
only 59 percent in the digital channel (estimation of H2 gambling
capital, cited by Veikkaus).45 This channelling rate is notably lower
than in the licensed markets of Sweden and Denmark (closer to 90
percent in both contexts). This may also partly explain the lower
numbers of help-seeking in Finland.

Third, restrictions on mandatory gambling spending and de-
posit limits may reduce overall harms and problems. Sweden and
Finland lowered the mandatory loss limits for online gambling
during 2020, whereas Denmark did not. Previous research on
mandatory limit-setting suggests that most players appear to stop
gambling when reaching their limits. Reaching limits is also more
common among high intensity gamblers.46 However, particularly in
Sweden, the mandatory deposit limit was relatively high even at
the lowered level (5000 SEK, or about 500 euros a week per
operator, compared to 500 euros a month for the monopoly oper-
ator in Finland). Furthermore, the possibility to gamble on unli-
censed websites may have reduced the impact of mandatory limits
in both countries.47,37 It is therefore likely that the lowered limits
were rather insignificant, particularly in Sweden.

The current study has been limited to three Nordic countries.
The results are therefore not necessarily generalisable to other
contexts. The study has also been limited by issues related to data
comparability and availability. Data from the three helplines were
comparable on a limited set of call frequency variables due to
country-specific registration practices. The granularity of web
traffic data also limited comparative time series analyses across the
three countries. Data collection should, of course, not be the main
priority of helplines, but more unified practices across helplines in
how data are collected and reported would be useful for further
research efforts.

This study has nevertheless shown that helpline data can be a
valuable source for research on gambling harms and problems, as
well as their evolution within and across contexts. To advance
knowledge on the precipitators of help-seeking, it is also necessary
to conduct qualitative analyses on the content of helpline contacts,
and particularly regarding the types of gambling products that cal-
lers identify as causing harm. The results of the current study have
also shown that different policy approaches affect help-seeking.
Particularly reduced availability, low mandatory limits, as well as
visibility of available help resources can be effective in reducing
gambling harms and the burden of gambling on public health.
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a b s t r a c t

Objectives: Between 1997 and 2021, the number of children looked after (CLA) in Wales, UK, increased
steadily, with stark inequalities. We aimed to assess how deprivation and maternal and child perinatal
characteristics influence the risk of becoming CLA in Wales.
Study design: We constructed a prospective longitudinal cohort of children born in Wales between April
2006 and March 2021 (n ¼ 395,610) using linked administrative records.
Methods: Survival models examined the risk of CLA from birth by small-area deprivation and maternal
and child perinatal characteristics. Population attributable fractions quantify the potential impact of
action on modifiable risk factors.
Results: Children from the most deprived fifth of the population were 3.4 times more likely to enter care
than those in the least deprived (demographic adjusted hazard ratios [aHRs] 3.40, 95% confidence in-
terval [CI] 3.08, 3.74). Maternal mental health problems in pregnancy (fully aHR, 2.03, 95% CI 1.88, 2.19)
and behavioural factors, such as smoking (aHR 2.46, 95% CI 2.34e2.60), alcohol problems (aHR 2.35, 95%
CI 1.70e3.23) and substance use in pregnancy (aHR 5.72, 95% CI 5.03e6.51), as well as child congenital
anomalies (aHR 1.46, 95% CI 1.16e1.84), low birth weight (aHR 1.28, 95% CI 1.17, 1.39) and preterm birth
(aHR 1.16, 95% CI 1.06, 1.26), were associated with higher risk of CLA status. The risk of CLA in the
population may be reduced by 35% (95% CI 0.33, 0.38) if children in the two most deprived fifths of the
population experienced the conditions of those in the least deprived.
Conclusions: Deprivation and perinatal maternal health are important modifiable risk factors for children
becoming CLA. Our analysis provides insight into the mechanisms of intergenerational transfer of
disadvantage in a vulnerable section of the child population and identifies targets for public health
action.
© 2023 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

In England andWales, the number of children looked after (CLA),
defined as those in care by order of the State or in care placements
(e.g. living with relatives), has risen dramatically over recent
years.1,2 The rates of CLA have increased more in Wales than in

England. Between 1997 and 2018, the rates inWales increased from
49 to 90 per 10,000 children, against a rise of 43e62 per 10,000 in
England.3 There are also stark and rising inequalities in rates of CLA
in the United Kingdom. In England, between 2007 and 2019, the
greatest increases in CLA rates and CLA entry rates occurred in the
most disadvantaged areas.1,4,5 In Wales, in 2018, 76% of mothers
involved in care proceedings lived in the two most deprived fifths.6

Reducing the number of children in care is a focus of UK gov-
ernment and policy due to concerns for children’s well-being and
the high societal costs associated with care entry across the life
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course.7,8 CLA experience worse educational and employment out-
comes, higher mortality rates and higher rates of hospital admis-
sions and criminal justice system involvement.9,10 Supporting
children in receipt of social service intervention and their carers
represents amajor, long-lasting expenditure at local authority level,
and financial pressures are acute in many local authorities in the
United Kingdom, hampering investment in the preventative and
early years services that may support children at risk of care entry.11

Understanding the main drivers of social service intervention
across the life course is key to developing strategies to reduce in-
equalities in CLA rates. Socio-economic disadvantage and family
adversity in early childhood are recognised as important risk fac-
tors for families’ involvement with social care services.4,6,12e16 The
risk factors in the perinatal period, such as young maternal age,
lone parenthood, maternal mental health problems, learning dif-
ficulty and disability, smoking during pregnancy, and pre- and
post-natal substance use, have also been implicated.17e19 Some
studies have shown that individual child perinatal health factors,
such as congenital anomalies, low birthweight, and gestational age,
are associated with the risk of being taken into care.20,21 Child’s sex
was found to be associated with care entry, with males marginally
more likely than females to enter care, whilst the impact of
ethnicity varies across contexts, with higher rates reported for
some ethnic minority groups.14,22 Family composition, in terms of
number of adults and children present in a household, as well as
age of children, have also been found to influence the risk of
CLA.13,20,21

Few studies have assessed the impact of deprivation and a range
of maternal and child perinatal factors on risk of CLA in a whole
population cohort,13,15,16,18e21,23,24 none using UK data. In light of
this, our study assessed the association between characteristics
measured in routine data over the perinatal period until birth,
focusing on area-level deprivation, maternal health, and early in-
dicators of child health, and the risk of becoming CLA over a 15-year
timespan in Wales. Fig. 1 shows our theoretical model, with the
solid-line paths showing the main associations of interest.

Methods

Data sources and study design

We undertook a prospective, observational cohort study of chil-
dren born inWales between April 2006 andMarch 2021, drawing on
anonymised, individual-level, population-scale, linked data sources
available in the Secure Anonymised Information Linkage (SAIL)
databank.25 Data sources included administrative records from
children’s social care services, national birth records, population
demographics, including residence history, and contact with pri-
mary and secondary healthcare services (see Supplementary Mate-
rial (SM), Table SM2). We report in line with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
checklist (see Supplementary Material (SM), Table SM1).

Because of the overall poor performance of the standard
matching process specific to the education and children’s social
care data sources, additional linkage processing was performed by
generating an anonymised version of a child’s Unique Pupil Num-
ber (UPN).26 However, only children of school age have a UPN;
younger children are typically unlinked. To overcome this limita-
tion, we post-hoc triangulated events in the social care data with
corresponding events in other data sources for children with the
same week of birth and sex (see Supplementary Material (SM),
Section SM2 Record linkage boosting).

Births in Welsh hospitals are comprehensively recorded across
three data sources, which we combined to produce a single national
birth cohort. We then applied several selection criteria to obtain our
analysis sample (Fig. 2). Records were selected if (1) both mother
and child had an anonymised linkage field; (2) the birth was
recorded as a Welsh live birth with week of birth, sex, gestational
age and birth weight recorded; (3) both mother and baby were
registeredwith a SAIL general practice (GP) and recorded as living in
Wales; and (4) the mother was aged �16 years at birth. Finally,
childrenwere excluded from the cohort if they were ever CLA under
agreed short-term placements with a local authority, that is,

Fig. 1. Diagram of our theoretical model. Plain paths represent the main associations of interest and dotted paths represent adjustment.
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children were excluded from the cohort if they were ever looked
after under agreed short-term placements with a local authority.
These placements are merely temporary, offering brief respite to
parents. Children who had an episode beginning before and span-
ning birth were included but with the outcome set to occur at birth.

Outcome, exposure and covariates

The main outcome of interest was the risk of becoming a child
looked after, measured as the time from birth until the first recor-
ded episode of being looked after. Children who had one episode
beginning before and spanning birth were included but with the
outcome set to occur at birth. Covariates of interest spanned three
categories: maternal demographics, maternal perinatal risk factors
and child characteristics (see Table 1).

Maternal demographic covariates consisted of area-level depri-
vation, the main exposure of interest; cohort period; household
composition;andageofmotherat child’sbirth.Weallocatedeach live
birth to aquintile of theWelsh IndexofMultipleDeprivation (WIMD),
a small-area measure of deprivation based on the residing Lower
layer Super Output Area. We used five 3-year cohort intervals,
assigning each birth to a cohort. Based on the residential anonymised
linkage field available in SAIL,27 we derived the number of children
and adults living at the mother’s residence in the week of birth.

Maternal perinatal risk factors included mental health problems
and several behavioural factors derived fromattendances at primary
and secondary care services up to 5 years before birth, namely,
alcohol problems, substance use, and smoking status. The presence
of mental health problems was detected via primary care records
only, using clinical codes covering anxiety, depression and treat-
ments for common mental health problems.28 Alcohol problems
covereddiagnosis of alcoholism, alcohol-relatedbehaviouror illness
in either primary or secondary care records.29 Substance use was
defined either explicitly as “substance use” in primary or secondary
care records or as having any problematic behaviour or symptoms
related to psychoactive substance use.29 For mental health, alcohol
problems and substance use, we used the date of the latest GP event
or hospital admission before birth and categorised it as having
occurred either during pregnancy or prepregnancy. We also iden-
tified the presence of maternal learning difficulties and disabilities
by detecting diagnoses in primary care records for dyslexia or
reading, spelling, speech, or arithmetic developmental disorders at
any time before child’s birth. Smoking status was coded from a self-

reported measure at child’s birth, which, when missing, was sup-
plemented with primary care records up to 5 years before birth.

Child characteristics included those derived from birth records:
sex, ethnic group, congenital anomalies; gestational age; and birth
weight. Congenital anomalies were detected through clinical cod-
ing of hospital admissions up to 28 days after birth.

Statistical analysis

First, we described the birth cohort in terms of the prevalence of
characteristics of interest and the crude event rate atwhich children
became looked after. Second, we used Cox proportional hazard
models to analyse the relative risks associatedwith ourmeasures of
interest, with the baseline stratified by the cohort interval in which
the mother gave birth, and the main effects included for each co-
variate. No longer living in Wales and death were treated as
competing outcomes, aswe censored only if someone does not have
either of those or the main outcome by the end of their follow-up.
Due to non-proportionality, the number of children living with
motherwas includedwith time-varying coefficients; 0e5, 6e11, and
�12 months from the start of the follow-up.

Our models were informed by our a priori directed acyclic
graph30 in Fig. 1. We present three sets of estimates in the tables:
unadjusted, adjusted for maternal demographic covariates (WIMD,
maternal age, household composition) and fully adjusted for all
child and maternal risk factors and demographics. In the narrative
description of the results, we highlight the estimates of particular
interest, based on Fig. 1, that is, we report demographic-adjusted
estimates for the area-level predictor WIMD and mother’s de-
mographics and fully adjusted estimates for the risk factors. Finally,
we calculated attributable fractions for the main contrasts for each
of the covariates at 1-, 5- and 10-year survival time. We did several
sensitivity analyses using alternative measures of small-area
deprivation and more restrictive sample selection criteria (see
Supplementary Material (SM), SM4 Sensitivity analyses). Data
preparation and analyses were performed in SQL and R v4.1.

Results

Cumulative incidence of becoming looked after

We identified a cohort of 395,610 children born between 1 April
2006 and 31March 2021, whowere followed up from birth towhen

Fig. 2. Sample selection flowchart.

G. Melis, S. Bedston, A. Akbari et al. Public Health 224 (2023) 215e223

217



they either became looked after, moved out of Wales, died, or
reached the end of the study window (Fig. 2).

Table SM6 provides more detail of each step in applying our
selection criteria to produce the final analysis dataset. As presented
in Table 1, of the 395,610 children in the final data set, 7971 became
looked after, at a rate of 2.7 per 1000 person-years. The overall rate
of cumulative incidence of becoming CLA from birth is shown in
Fig. 3, stratified by birth cohort, deprivation and maternal age.
Cumulative incidence curves by each covariate are reported in
Supplementary material, Figures SM2-SM5. The rates of CLA
increased in more recent birth cohorts and with increasing area
deprivation and maternal age.

Perinatal exposures and risk of becoming a child looked after

Fig. 4 shows the hazard ratios (HRs) for the risk of becoming
looked after for each of the characteristics that we considered, and
Table SM7 in the Supplementary Material reports exact estimates
and 95% confidence intervals.

Formaternal demographic factors, we found that the greater the
area deprivation of the mother’s residence, the greater the risk of
the child becoming looked after. Children born to mothers living in
themost deprived fifth of the populationwere 3.4 timesmore likely
to enter care compared to those living in the least deprived fifth
(demographic adjusted HR [aHR] 3.40, 95% CI 3.08, 3.74). Lower
maternal age was strongly associated with the risk of CLA, with
maternal age 16e17 years associated with a 3.81 times hazard in
the demographic-adjusted estimate, relative to mothers aged �30
years (demographic aHR 3.81, 95% CI 3.41, 4.26). With respect to
household composition, and relative to households with two
adults, mothers living alone had the greatest risk of child removal
(demographic aHR 1.28, 95% CI 1.21, 1.135). The presence of other
children in the household is associated with lower risk of the
relevant child’s removal in the first 5 months from birth (de-
mographic aHR 0.58, 95% CI 0.53, 0.62) but increased risk after 12
months (demographic aHR 1.51, 95% CI 1.42, 1.61).

For maternal perinatal risk factors, in the fully adjusted model,
maternal mental health problems were associated with an
increased risk of their child becoming looked after (fully aHR 2.03,
95% CI 1.88, 2.19). Maternal learning difficulties/disabilities (aHR
3.50, 95% CI 2.91e4.21), current history of smoking (aHR 2.46, 95%
CI 2.34e2.60), prior alcohol-related admissions before and during
pregnancy (aHR 2, 95% CI 1.76e2.27; aHR 2.35, 95% CI 1.70e3.23,
respectively), prior substance use admissions (aHR 3.39, 95% CI
3.09e3.72; aHR 5.72, 95% CI 5.03e6.51 respectively) and history of
mental health issues (aHR 1.63, 95% CI 1.55e1.71; aHR 2.03, 95% CI
1.88e2.19, respectively) were all strongly associated with the risk of
their child becoming looked after.

With respect to child characteristics, beginning with child-level
perinatal risk factors, also in the fully adjusted model, greater risk of
care entrywas associatedwith childrenwhowere recorded as having
congenital anomalies (aHR1.46, 95%CI1.16e1.84), of lowbirthweight
(aHR 1.28, 95% CI 1.17e1.39), born preterm (aHR 1.16, 95% CI
1.06e1.26). For child demographic factors, female sex was associated
with a lower hazard (aHR 0.93, 95% CI 0.89e0.97) as was unknown
ethnicity in the fully adjusted estimates (aHR 0.76, 95% CI 0.68e0.84).

Population attributable fraction

Fig. 5 show the population attributable fraction (PAFs). Consid-
ering only potentially modifiable factors and demographic-
adjusted estimate, if all children in the two most deprived fifths
had the same level of deprivation as those in the least deprived
fifth, the risk of CLA would be reduced in the overall population by

Table 1
Birth cohort’s (April 2006 - March 2021) characteristics and event rates of becoming
looked after per 1000 person-years.

Characteristic n (%) Events (rate)

Total 395,610 (100.0%) 7971 (2.7)

Maternal demographics

Welsh Index of Multiple Deprivation
1 e Most deprived 108,213 (27.4%) 3702 (4.7)
2 86,722 (21.9%) 1913 (3.0)
3 75,878 (19.2%) 1179 (2.1)
4 61,514 (15.5%) 698 (1.6)
5 e Least deprived 63,283 (16.0%) 479 (1.0)
Age
16e17 5926 (1.5%) 386 (7.9)
18e19 18,480 (4.7%) 916 (6.1)
20e24 84,337 (21.3%) 2576 (4.0)
25e29 115,584 (29.2%) 2060 (2.5)
�30 171,283 (43.3%) 2033 (1.6)
Household no. of children
0 children 149,561 (37.8%) 2770 (2.5)
�1 children 246,049 (62.2%) 5201 (2.9)
Household no. of adults
1 adult 89,477 (22.6%) 2268 (3.5)
2 adults 182,459 (46.1%) 3019 (2.2)
�3 adults 123,674 (31.3%) 2684 (3.0)

Maternal perinatal risk factors

Learning difficulty/disability
No 394,452 (99.7%) 7855 (2.7)
Yes 1158 (0.3%) 116 (17.1)
Smoking status
Non-smoker 240,452 (60.8%) 2592 (1.5)
Ex-smoker 42,849 (10.8%) 678 (2.2)
Smoker 91,995 (23.3%) 4260 (6.1)
Unknown 20,314 (5.1%) 441 (3.1)
Alcohol problems
Never 393,349 (99.4%) 7650 (2.6)
Prepregnancy 2058 (0.5%) 282 (20.3)
Pregnancy 203 (0.1%) 39 (29.0)
Substance use
Never 390,540 (98.7%) 7119 (2.5)
Prepregnancy 3906 (1.0%) 585 (22.9)
Pregnancy 1164 (0.3%) 267 (37.2)
Mental health issues
Never 289,898 (73.3%) 4329 (2.0)
Prepregnancy 87,316 (22.1%) 2822 (4.7)
Pregnancy 18,396 (4.7%) 820 (7.0)

Child characteristics

Sex
Male 202,439 (51.2%) 4199 (2.8)
Female 193,171 (48.8%) 3772 (2.7)
Ethnicity
White 330,429 (83.5%) 7074 (2.8)
Asian 11,989 (3.0%) 135 (1.7)
Black 3757 (0.9%) 59 (2.6)
Mixed 10,236 (2.6%) 229 (3.3)
Other 5435 (1.4%) 72 (1.8)
Unknown 33,764 (8.5%) 402 (3.0)
Congenital anomalies
No 393,421 (99.4%) 7897 (2.7)
Yes 2189 (0.6%) 74 (4.9)
Preterm birth
No 367,027 (92.8%) 7105 (2.6)
Yes 28,583 (7.2%) 866 (4.3)
Birth weight
Low 27,292 (6.9%) 970 (4.9)
Normal 321,798 (81.3%) 6448 (2.7)
Heavy 46,520 (11.8%) 553 (1.6)
Cohort period
2006/07e2008/09 86,919 (22.0%) 2124 (2.0)
2009/10e2011/12 88,718 (22.4%) 2079 (2.5)
2012/13e2014/15 84,594 (21.4%) 1824 (3.1)
2015/16e2017/18 76,773 (19.4%) 1324 (4.1)
2018/19e2020/21 58,606 (14.8%) 620 (6.6)
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around 35% (demographic-adjusted 95% CI 0.33, 0.38). If children in
the most deprived fifth had the same level of deprivation as those
in the least deprived fifth, the percentage of CLA would be reduced
by 22% (demographic-adjusted 95% CI 0.20, 0.24). For the fully
adjusted estimates, eliminating maternal mental health issues
would potentially reduce the risk of CLA by 20% (fully adjusted 95%
CI 0.18, 0.21). Although part of a wider mechanism generating
harmful health behaviours, eliminating maternal smoking habits
and substance use might reduce the burden of CLA by 27% (fully
adjusted 95% CI 0.26e0.29) and 7% (fully adjusted 95% CI
0.07e0.08) respectively.

Robustness checks and additional analyses

Our sensitivity analyses found that Townsend Index in place of
WIMD as a measure of area deprivation produced similar results.

Our findings did not change when using the more restrictive
sample selection criteria, and slight increases were found for the
effects of area deprivation when considering only outcomes
captured using the routinely generated linkage keys, although the
trend across the categories was the same as our main analysis (see
Supplementary Material (SM), SM4. Sensitivity analyses).

Discussion

In a whole population sample of around 400,000 children born
in Wales, we used linked, routinely collected data to assess de-
mographic, maternal and child-level risk factors for children
becoming looked after, measured in the perinatal period. Our
findings are consistent with a limited UK literature on individual-
level risk factors for becoming looked after which nevertheless
highlights the powerful role of adverse socio-economic conditions

Fig. 3. Overall empirical cumulative incidence of becoming a child looked after, from time since birth, with 95% confidence intervals around the curve. Number at risk and number
having had either event is shown below.
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Fig. 4. Unadjusted, demographic-adjusted and fully adjusted hazard ratios for the risk of becoming looked after, with 95% confidence intervals.
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in the perinatal period in structuring the risk of care entry. We
demonstrate stark inequalities in rates of children entering care
and strong associations with a range of maternal demographic and
perinatal factors and child characteristics. Mothers living in the
most deprived fifth of WIMD were almost three and a half times
more likely to have their children taken into care than those living
in the least deprived fifth of the population. Mothers of children
taken into care were more likely to be younger, to live in a house-
hold with no other adults, or more than two adults, and to live with
other children during the new-born’s first year of life; they were
alsomore likely to experiencemental health problems and learning
difficulties and disabilities and were more likely to have alcohol
problems, smoke and use substances. Children taken into carewere
more likely to be born male, preterm, with low birth weight, and
have recorded congenital anomalies.

Regarding our estimates of the burden of CLA attributable to
modifiable exposures, they align with the literature pointing to a
contributory direct causal effect on care entry of adverse socio-
economic conditions.14e16,24,31 An evidence review31 outlines two
theoretical models for the relationship between poverty and child
maltreatment e the family stress model, whereby poverty clusters
with the adversities it produces, contributing to poor outcomes;
and the investment model, whereby families lack the material and
social to invest in children, leading to increased risk of neglect and
care entry. These conditions contribute to poor child health and
well-being also via their adverse impact onmaternal mental health,

itself an important risk factor for care entry.15,16,18,19,24 Policies that
directly address the socio-economic conditions in which expectant
mothers live, and into which children are born, are likely to have a
meaningful impact on the population-level risk of CLA. If children
in the most deprived areas of Wales were to experience the same
conditions as those in the least deprived, the population-level risk
of CLA could be reduced by more than a third.

Based on our results, in an alternative policy scenario, success-
fully tackling maternal mental health issues might reduce the risk of
CLA, and within an ideal scenario, our study estimates that elimi-
natingmaternal mental health problems would reduce the risk by as
much as 20%. Poor maternal mental health as assessed during, or in
the several years before pregnancy, was consistently associated with
higher risk of children entering care in the literature.16,19 Our finding
that parents with learning difficulties and disabilities were more
likely to have a child taken into care alignswith a study exploring the
overrepresentation of parents with intellectual and development
disabilities in the US child protection system.18

Of other perinatal maternal risk factors identified in our study,
smoking before birth and substance use also appeared in the
literature, as did alcohol use.16,23 Reflecting socio-economic
disadvantage and health behaviour associated with allostatic
load, where allostatic load is defined as the cumulative burden of
chronic stress and adverse life events,32 the large PAF for maternal
smoking may be attributable to a range of unmeasured social
support and mental healtherelated factors associated with both

Fig. 5. Unadjusted population attributable fractions for key mother and child indicators after 1, 5 and 10 years of survival time, with 95% confidence intervals.
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smoking habits and care entry.16 The same may be true of the
smaller PAF for substance use and alcohol abuse in preg-
nancy.13,15,23 Policies that support women to tackle addiction or
harmful health behaviours, family planning strategies targeting
young people, and additional support for young expectantmothers,
may have positive impacts on the risk of care entry.

With respect to child-level characteristics, our results parallel
those from other studies identifying an increased risk of care entry
for children with birth anomalies, born preterm, and of low birth-
weight.6,21 Unsurprisingly, due to the ethnic composition of the
Welsh population (around 95% White), and the ascertainment of
the measure used in this study, our results do not shed further light
on ethnicity and CLA.

Socio-economic conditions appear to offer a consistent frame
within which to understand the role of other major risk factors.
Further research should aim to use causal mediation methods to
understand causal pathways in deprivation, adversity and risk of
being looked after to disentangle processes and identify policy
entry points.

Strengths and limitations

The key strength of this study is its use of one of the UK’s largest
linked administrative data sets, newly encompassing longer-term
children’s social care data, to identify individual-level risk factors
for becoming looked after, with longitudinal data linkage over a 15-
year period. Using this data set, we developed improved methods
for identifying children who became looked after, so reducing bias.
These data also allow for improved temporal modelling of expo-
sures and outcomes while controlling for death and emigration as
competing risks, improving the certainty of our findings.

Our application of restrictions to the denominator population,
based on the availability of complete data on linkage fields and
relevant indicators, constitutes a limitation. We also excluded from
our analysis individuals from primary care practices that do not
share their datawith SAIL. Moreover, and despite improved linkage,
complete ascertainment of the outcome was not possible, and we
were unable to observe the entire CLA population between 2006
and 2021. As a result, we expect our estimates to be conservative
and to potentially understate the impact of deprivation and other
factors on the risk of CLA.

With respect to the covariates considered in this analysis, we
were unable to measure other potential indicators of risk, such as
involvement with the criminal justice system. Nor did we take into
account child developmental and learning difficulties and disabil-
ities, as these are only reliably measured postnatally. Children’s
learning difficulties and disabilities are a major risk factor for care
entry in developed countries14 and should be considered in future
studies. Finally, the validity of PAFs rests on the assumption that the
relationship between exposure and outcome approximates a true
causal effect. They should therefore be interpreted with caution.

Implications for policy and practice

Rising deprivation and poverty appear to be major drivers of
care entry. Given the wider context of ongoing austerity, rising
poverty and cuts to preventative services for children in the United
Kingdom, our findings are concerning. The vicious cycle of rising
poverty, ever-increasing social spending on children who have
been removed from their family and cuts to prevention services is
magnified and perpetuated by the long-term poor health, social
and educational outcomes of the increasing care experienced by
population.10 In both Wales and England, cuts to preventative
children’s services have occurred at the same time as rising spend
on CLA.7,8 Our analysis supports the view that approaches such as

raising thresholds for care are unlikely to be effective without
sustained attention to the wider determinants of child health.

We argue for the need to consider the compound effect of
poverty and maternal health conditions on the risk of CLA, as a
social policy and public health priority. At national level, increasing
household income for families with children through the welfare
benefits system is likely to be an effective strategy. Increasing
funding to local authorities responsible for delivering preventative
services proportional to need11 may help strengthen the fragile
child protection system. At local level, services offering benefits and
debt advice, free childcare and respite may help mitigate the
impact of disadvantaged socio-economic conditions on care entry.
Within social services, effective interventions should occur as early
as possible in pregnancy, particularly among disadvantaged
mothers. These might include preventive maternal support ser-
vices, including financial, mental health and community support.
This should take precedence over child removal whenever possible.

Preventing CLA status through family-support measures, we
believe, could play a prominent role in reducing the growing
expenditure on escalating life course disadvantage, counteracting
the lower educational outcomes, higher mortality rates and higher
rates of hospital admissions and criminal justice system involve-
ment experienced by the CLA population.
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a b s t r a c t

Objectives: Social determinants of health (SDH) are the prevalent enablers of health among populations,
and integrating them in medical education will advance clinical care by integrating social and economic
risk data into medical diagnosis and treatment. Despite the numerous publications on SDH and medical
education, the publication trends are not known. The study aims to analyse publication trends in inte-
grating SDH into medical education and the corresponding thematic areas.
Study design: This was a bibliometric analysis study.
Methods: Bibliometric was used. Data from Scopus databases from January 2006 to June 2023 were
retrieved with no language restriction. VOSviewer software was used for analysis. Bibliographic coupling
was used to identify the clusters of published literature on the integration of SDH into medical education,
followed by the analysis of annual distribution and growth trends, authors and co-author relationships
and collaborations.
Results: A total of 1047 articles were retrieved. The annual research publication exhibited a swift surge in
the studies conducted during the reviewed period. Five clusters of information were derived: relating to
curriculum development, community engagement and service-learning, stakeholder collaborations,
development of assessment methods and tools for SDH, and the impact of integrating SDH into medical
education.
Conclusion: Bibliometric analysis has revealed a growing trend in the field of integrating SDH into
medical education, and the study has highlighted the research impact through bibliographic coupling by
identifying the five thematic areas. This study lays a foundation for advancing knowledge on what has
been published and possible areas for improvement in the integration of SDH into medical education.
© 2023 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The World Health Organisation defines social determinants of
health (SDH) as peoples’ non-medical conditions that influence
health outcomes and quality of life, such as where they are born,
grow, live, work and age.1 Recent studies have noticed the signifi-
cant contribution of social, economic and behavioural factors in
promoting or altering population health outcomes.2e4

Socio-economic factors have demonstrated significant contri-
butions to disparities in health and well-being among populations.
For instance, within the socio-economic scale, those at the top are

likely to have better health outcomes compared with the middle
class. Similarly, those at the lower scale are likely to experience
worse health outcomes compared with those at the middle.5

Integration of the SDH in medical education and the healthcare
system will advance clinical care by integrating social and eco-
nomic risk data into medical diagnosis and treatment. With socio-
economic factors being barriers to the delivery of high-quality care,
this integration will guide community partnerships and clinical
encounters in improving health outcomes.6

Studies have demonstrated that apart from gaining broad per-
spectives on health disparities, medical students will obtain satis-
faction and self-efficacy when engaging with the communities they
serve.7 Not only does this amplify their engagements but also en-
hances their skills in addressing emergent health needs within the
communities. However, for medical education to address the SDH, a
multidimensional and multifaceted approach that incorporates
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traditional didactic teachings, community-based learning oppor-
tunities and decisively conventional role modelling is needed. In
addition, the curricula content should also integrate experiential
learning and an enhanced SDH-oriented clinical learning
environment.8

Previous studies spanning from 2006 have focused on various
models, strategies and frameworks applied in teaching, assessment
and evaluation of the medical curriculum.9 Over that period, sub-
stantial progress and trends in SDH incorporation into medical
education can be noticed. For a clear demonstration of this prog-
ress, a bibliometric analysis was deemed the most suitable method
for the present study.

Bibliometrics analysis was initially introduced in 1989 by Alan
Pritchard,10 and since then, it has received broader attention
particularly due to the advancements in evidence science, access to
computers, availability of the internet and availability of biblio-
metrics software, such as VOSviewer, CiteSpace and Biblioshiny.11,12

Outstanding advancements have also been made in the develop-
ment of scientific databases that work with bibliometric software
packages, such as the Web of Science, Scopus and PubMed.13

In bibliometric analysis, statistics from available databases are
used to demonstrate the distribution of contributions, hotspots and
projected trends of a particular field. As a vital tool for analysis,
bibliometrics helps to investigate researchers’ findings and how
they integrate or make sense in the broader academic and intel-
lectual fields.12

VOSviewer is among the bibliometric software used for data
analysis and visualisation.14 This software can posit knowledge
domains by generating and visualising co-occurrence network
maps of co-authors, keywords and co-citation networks of cited
authors based on the bibliographical archives gathered from a
particular database.15

Although studies on integrating SDH into medical education
have gained worldwide attention, there are no published biblio-
metric studies related to this topic. To bridge this gap, we used
Scopus databases to perform a bibliometric study of the documents
published in the field of integrating SDH into medical education.
The study applied VOSviewer for data analysis and visualisation.
Bibliographic coupling was used to cluster the documents into
various thematic areas.

Methods

Study design

Bibliometric was applied in analysing trends of the published
literature on integrating SDH into medical education.14 VOSviewer
was used for data analysis and visualisation16,17 The bibliometric
analysis was carried out using documents retrieved from the Sco-
pus database (https://www.scopus.com/). Scopus database has

wider coverage with over 25,100 journals and access to 1.7 billion
citations.18,19e21 Scopus data (January 2006 to June 2023) were
abstracted on 4 May 2023. All retrievals were done in 1 day to steer
clear of variations due to daily updates, and the following search
strategy was applied: “social determinants of health” OR SDH OR
sdh AND teaching OR “medical education”OR “medical curriculum”

OR “educational model” OR “medical school.” The search excluded
studies that were undertaken before January 2006, and we limited
our search to publications that were only carried in the English
language. Manual search from the references of the retrieved
documents was done to ensure that all relevant references were
included in the study.

Data analysis

Co-authorship analysis, co-occurrence analysis, citation anal-
ysis, bibliographic coupling and co-citation analysis of the Scopus
data were done using VOSviewer software. Bibliographic coupling,
which is the measure of an object's connectedness based on the
number of references they share, was used to highlight the parallels
between the two works' subjects in terms of documents, sources,
authors and organisations.

Results

Yearly distribution and growth trend

A total of 1047 documents were retrieved. The first article on
SDH in medical education was published in 2006,4 and since then,
there is a steady increase in the number of publications, which is a
probable demonstration of the significance of the research topic
(Fig. 1).

Distribution of publications on a country-by-country basis and total
link strength

Articles from 40 countries were retrieved, with the United States
having the highest volume of published manuscripts (n ¼ 644),
followed by the United Kingdom (n ¼ 95) and Canada (n ¼ 90).
Cumulatively, at least 15 countries published at least 10 articles in
the research field, and in terms of the total percent of published
articles, the United States, the United Kingdom, Canada, Australia
and India had a cumulative percentage of 78% of all the articles
published. In terms of the number of citations per country during
the period under review, the United States was leading (n ¼ 8249),
followed by Canada (n ¼ 2949) and Sweden (n ¼ 2137). Regarding
the average citation per document, Sweden was leading with an
average of 164.38 citations per document. The United States ranked
first in terms of total link strength (n ¼ 221), followed by Canada
(n ¼ 134) and the United Kingdom (n ¼ 78).
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Fig. 1. Annual changes in the number of publications and the total number of publications.

D. Onchonga and M.E. Abdalla Public Health 224 (2023) 203e208

204

https://www.scopus.com/


The organisation with the most publications were the Harvard
Medical School (n ¼ 9), the Yale School of Medicine (n ¼ 7) and
University College London (n ¼ 6). Regarding the total number of
citations, Yale School of Medicine was leading (n ¼ 142), followed
by Penn State College of Medicine (n ¼ 107; Table 1).

Authors and co-author relationships

The cumulative number of articles published and the citation
metrics achieved by the authors were used to classify the most
engaged researchers in the field of SDH and medical education.
Klein had the highest number of documents (n ¼ 10), followed by
Serwint (n ¼ 8) and Gonzalo (n ¼ 6). The following authors had the
highest citations: Klein (n ¼ 201), Simon (n ¼ 189), Gonzalo
(n ¼ 137) and Kaufman (n ¼ 109).

Journals publishing articles relating to SDH and medical education

The journal that had the largest number of documents on the
research topic was Academic Medicine Journal. A total of 53 articles
were published in the period under review, with a sum of 1181 cita-
tions. The second journal was the BMC Medical Education Journal,
with 29 articles and 254 citations, and the third was MedEd Portal:
The JournalofTeaching& LearningResources,with24documentsand
146 citations. The average number of citations per document suggests
the significance of articles published in the journal. In the present
study, theLancethad thehighest average total citationsperdocument
(documents: 11, average citation per document: 197.2), followed by
theNewEngland Journal ofMedicine (documents:13, averagecitation
per document 44.8) and theAcademicMedicine Journal (documents:
53, average citation per document:22.3; Table 2).

Documents, citation relationships and collaboration network
between countries

The association between the published articles and citations
attained is a significant marker of the quality of the published

articles. Improved citation count is a characteristic of the
outstanding quality of the published document, resulting in a
better number of citations by other researchers in the same field.
In the present study, documents that had been cited more than 30
times were selected. Publications that had the highest citations
were authored by Bozorgmehr, 2011 (n ¼ 121), Klein, 2011
(n ¼ 91), Colvin, 2016 (n ¼ 90) and Mangold, 2019 (n ¼ 79).
Regarding the collaboration network between institutions and
organisations, Harvard School of Medicine had the highest
network of research collaborators, whereas the other institutions
collaborated on a small scale (Table 3).

The analysis of bibliographic coupling

The potential association between SDH and medical education
was assessed using bibliometric coupling. Through VOSviewer,
51 articles were selected from the original data according to their
coupling strength (the selected articles received at least 40 ci-
tations each). As demonstrated in Fig. 2, a total of five clusters
were identified and presented with different node colours. The
articles aligned to each coloured node were analysed indepen-
dently to align them to correct thematic areas related to the
integration of SDH into medical education. The first cluster

Table 1
Leading organisations/institutions with over three publications.

S/No Organisation Country Documents Citations Average citation per document Total link strength

1 Harvard Medical School, Boston USA 9 75 8.3 1
2 Yale School of Medicine, New Haven USA 7 142 20.3 2
3 Penn State College of Medicine, Hershey USA 4 107 26.6 1
4 Boston University School of Medicine USA 3 10 3.3 0
5 The University of Nebraska Medical Centre USA 3 9 3 2
6 University of Toronto, Toronto Canada 3 36 12 0
7 Oregon Health and Science University USA 3 29 9.7 0
8 University of Ottawa, Ottawa Canada 3 61 20.3 0
9 Icahn School of Medicine at Mount Sinai USA 3 3 1 1
10 University College London, London UK 6 39 6.5 0

Table 2
Top 10 journals published most articles on the research topic.

S/No Source Documents Citations Average citation per document Total link strength

1 Academic Medicine 53 1181 22.3 85
2 BMC Medical Education 29 254 8.8 46
3 MedEd Portal: The Journal of Teaching & Learning Resources 24 146 6.1 6
4 Journal of General Internal Medicine 22 245 11.1 32
5 Medical Teacher 19 283 14.9 33
6 International Journal of Environmental Research & Public Health 18 69 3.8 1
7 Academic Paediatrics 17 270 15.9 23
8 New England Journal of Medicine 13 582 44.8 10
9 Education for Primary Care 11 39 3.5 11
10 The Lancet 11 2169 197.2 1

Table 3
Top cited articles in the research topic.

S/No Document Citations Links References

1 Bozorgmehr K. (2011) 121 0 22
2 Klein M.D. (2011) 91 2 23
3 Colvin J.D. (2016a) 90 1 24
4 Mangold K.A. (2019) 79 0 25
5 Dharamsi S. (2010) 62 0 26
6 Kasper J. (2016) 61 1 27
7 Klein M.D. (2014) 58 2 28
8 Sartorius B.K.D. (2014) 44 0 29
9 Gonzalo J.D. (2017) 41 0 30
10 Knight S.E. (2016) 37 0 31
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(yellow nodes) focuses on curriculum development so that
medical schools can teach topics, such as health disparities,
health equity, and the impact of social factors on health, such as
education, housing and discrimination. The second cluster (green
nodes) focuses on community engagement and service-learning.
In this thematic area, the emphasis is to inspire medical students
to engage with underserved communities and participate in
service-learning experiences. The third cluster (red nodes) fo-
cuses on partnerships and stakeholder collaboration with key
players in the health sector to increase the understanding of the
need for integrating SDH into medical education. The collabora-
tion will provide valuable insights into community health ini-
tiatives and policies that are addressing the integration of SDH
into medical education. The fourth cluster (purple nodes) focuses
on the development of assessment methods and tools that are
used to measure the attitudes of students, faculty, stakeholders
and the community towards the incorporation and imple-
mentation of the concept of integrating SDH into medical edu-
cation. The last cluster of articles (blue nodes) focuses on the
impact of integrating SDH into medical education. The reviewed
articles indicated several positive impacts, including improved
patient care through community engagements, reduced health
disparities and improved collaboration between the medical
school and other stakeholders (Fig. 2).

Discussion

Bibliometric analysis of the studies on the integration of SDH
into medical education was conducted by use of VOSviewer soft-
ware, and the authors preferred Scopus database, as it has more
benefits compared with other scientific databases.13

Most published literature were from the United States, and the
top organisations publishing more than three articles were from
the United States, Canada, and the United Kingdom. Given the
extensive influence of SDH, developed countries have embarked on
teaching modules that inform trainee physicians about SDH and
how they impact health. As demonstrated by numerous studies,
partnerships and collaborations between academic medical centres
and community-based organisations have the potential to create a
feasible, effective and sustainable platform to prepare medical
students for SDH.32 The studies have also established the role of
educational technologies and pedagogies in facilitating interna-
tionally interconnected styles in the medical curriculum, which
emphasise the mobility of learners and educators across borders.33

The growing number of published literature and the citation
metrics drawn by the authors were categorised based on the most
involved researchers in the field. Klein had the highest number of
publications, and in all his work, he has demonstrated the need to
train physicians on SDH and develop their skills to assess for social
and environmental risks within divergent populations. Klein also
noted that the educational intervention would enhance applicable
knowledge among physicians and improve the traditional medical
curricula, which do not specifically address families’ social, eco-
nomic and environmental needs.23

A comprehensive analysis of the institutions working on the
integration of SDH intomedical educationwas given. This finding is
significant, particularly to upcoming researchers, as this would
guide them by presenting a strong background knowledge of the
study topics that have been covered in the research field and
practicable research gaps. This knowledge also presents a base for
networking with peers who have significant proficiency in the field
of study, while interdisciplinary work may provide an effective
approach to address the identified research gaps.34

Another substantial finding in this study includes the five the-
matic areas identified through bibliographic coupling. The five
thematic areas include curriculum development, community
engagement and service-learning, stakeholder collaborations, the
development of assessment methods and tools for SDH, and the
impact of integrating SDH into medical education. This finding is in
line with the existing SDH frameworks, which demonstrate similar
strategies of SDH integration, such as community partnerships,
service-learning and curriculum development.35

The main study limitation was the dependence on the Scopus
database, which is subject to continuous change and updating in
the number of indexed articles. Similar to all other scientific
databases, there is a likelihood of discrepancies in the results
after a short period, as more researchers are exploring the
research topic. The VOSviewer tool would only undertake
comprehensive analysis using Scopus data set. VOSviewer is
unable to provide other types of visualisation beyond network
graphs. Therefore, the developers of VOSviewer should consider
reviewing the software to accommodate all functions when
analysing other scientific databases just like the Scopus data set.
These may include simple line charts showing the growth of
paper by keywords to more complex network trend topic anal-
ysis visualisations to temporal trend analysis. The software can
be improved to offer a thematic analysis option that plots clus-
ters of keywords along two dimensions (density vs centrality).

Fig. 2. Bibliographic coupling.
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This will be crucial in spotting emerging clusters and the degree
of importance of each cluster.

Conclusion

This was the first bibliometric study on SDH and medical edu-
cation. There is a steady increase in the number of published articles
since 2006. The publications are mainly in five thematic areas,
focusing on curriculum development, community engagement and
service-learning, stakeholder collaborations, development of
assessment methods and tools for SDH and the impact of integrating
SDH into medical education. This study lays a foundation for
advancing knowledge on what has been published and possible
areas of improvement in the integration of SDH into medical edu-
cation, such as investing in stakeholder collaborations, experiential
learning and community participation in the identification of the
priority health needs that themedical schools can attempt to resolve.

Future research direction

The study's findings indicate the importance of exploring ways
to integrate the SDH curriculum into broader educational pro-
grams, making it universally accessible. It is also imperative to
consider how to seamlessly incorporate the SDH curriculum into
clinical education across all training sites. This approach will
significantly enhance the educational impact by providing trainees
with essential integrative skills that validate the training program's
value.

Finally, there is a need to research on specific competencies
needed in the identification and mitigation of SDH. This may
include the recognition of implicit and explicit biases, advocacy
skills, development of a basic awareness of healthcare financing
and payment structures and communication skills needed to un-
ravel the socio-economic barriers to effective clinical care.
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a b s t r a c t

Objectives: Lifestyle behaviours associated with the incidence of type 2 diabetes mellitus (T2DM) need
further clarification using health insurance data.
Study design: This is a cohort study.
Methods: In 2015, 193,246 participants aged 40e74 years attended the specific health checkups and
were observed up to 2020 in Fukushima, Japan. Using the principal component analysis, we identified
two patterns from ten lifestyle behaviour questions, namely, the “dietesmoking” pattern (including
smoking, alcohol drinking, skipping breakfast, eating fast, late dinner, and snacking) and the “physical
activityesleep” pattern (including physical exercise, walking equivalent activity, walking fast, and suf-
ficient sleep). Then, individual pattern scores were calculated; the higher the scores, the healthier the
behaviours.
Results: The accumulative incidence rate of T2DM was 630.5 in men and 391.9 in women per 100,000
person-years in an average of 4 years of follow-up. Adjusted for the demographic and cardiometabolic
factors at the baseline, the hazard ratio (95% confidence interval) of the highest versus lowest quartile
scores of the “dietesmoking” pattern for T2DM risk was 0.82 (0.72, 0.92; P for trend ¼ 0.002) in men and
0.87 (0.76, 1$00; P for trend ¼ 0.034) in women; that of the “physical activityesleep” pattern was 0.92
(0.82, 1$04; P for trend ¼ 0.0996) in men and 0.92 (0.80, 1$06; P for trend ¼ 0.372) in women. The
“physical activityesleep” pattern showed a significant inverse association in non-overweight men.
Conclusions: Lifestyle behaviour associated with a healthy diet and lack of smoking may significantly
lower the risk of T2DM in middle-aged Japanese adults.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Life expectancy is reduced by 4e10 years in people with dia-
betes aged 40e60 years, with an increased risk of mortality due to
cardiovascular and renal diseases as well as cancer.1 Type 2 dia-
betes, a disease characterised by insulin resistance, is more closely
related to lifestyle than genetic factors. It differs from type 1

diabetes, a disease in which the immune system mistakenly de-
stroys the insulin-producing beta cells in the pancreas. Risk factors
for type 2 diabetesmellitus (T2DM), such as cardiovascular diseases
and obesity, are multifaceted and interrelated.1,2 Therefore, pro-
moting healthy behaviours, such as eating reduced-calorie meals
and exercising more, is the fundamental strategy to reduce the risk
of developing T2DM.

The American Diabetes Association recommends that in-
dividuals with pre-diabetes undergo an intensive behavioural
lifestyle intervention program, including consuming low-calorie
foods or receiving pharmacologic therapy, if needed, to achieve
and maintain loss of initial body weight to prevent T2DM.3 In 2008,
the Japanese government issued a new health policy that included
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detailed annual health checkups and specific counselling (health
promotion guidance) for all beneficiaries aged 40e74 years, tar-
geting individuals with metabolic syndrome risk.4 Consequently,
adults with pre-diabetes and abdominal obesity benefited from the
national health programme.5e7 Furthermore, community-based
randomised trials using healthcare resources also reported that a
lifestyle intervention program reduces the incidence of T2DM-
impaired glucose tolerance,8,9 suggesting that lifestyle interven-
tion for T2DM risk may be more effective than drug treatment.10

Many studies on lifestyle behaviours were conducted either on
single factors,11e14 or in the scenarios of combining risk factors such
as Breslow's scores,15 Life Simple 7,16 Life Essential 8,17 lifestyle
index,18 and behaviour classes19 in measuring the associations with
T2DM incidence risk. Breslow's score evaluates the combined risk
of lifestyle factors such as alcohol consumption, smoking, exercise,
skipping breakfast, sleep, and body weight and has been used in
studies on T2DM globally since 2013. A Japanese study showed that
participants who scored �3 points had a 0.69e0.31-times lower
risk than those who scored 1e2 points.15 The American Heart As-
sociation implemented the health promotion of Life's Simple 7 goal
in 2010.16 A cohort study revealed that participants who achieved
at least two of Life's Simple 7 goals had a lower risk of diabetes than
those meeting one or none of these components.20 In 2022, Life's
Essential 8 was issued with a new scoring algorithm comprising
diet, physical activity, nicotine exposure, body mass index (BMI),
blood lipids, blood glucose, and blood pressure adopted from Life's
Simple 7, as well as sleep health.17 A systematic review indicated
that individuals with the healthiest lifestyle had a 75% lower risk of
T2DM incidence than those with the least-heathy lifestyle.21

Japan has achieved universal health coverage since the 1960s. To
improve the health policy for T2DM prevention, it is recommended
to integrate and analyse the available databases to estimate the
T2DM burden as well as the impact of lifestyle intervention on
T2DM risk.1 However, few studies revealed T2DM risk concerning
combined lifestyle risk profiles or overall patterns among the Jap-
anese populations. Thus, this study aimed to examine the associa-
tions between lifestyle behavioural patterns identified by the
Specific Health Checkup variables and T2DM incidence.

Methods

Study population

The Fukushima Health Database includes data from annual
health checkups and health insurance claims of the National Health
Insurance as well as part of the Employee Health Insurance (small-
to-medium-sized enterprises). In this study, we retrieved data for
all participants aged 40e74 years who attended at least one health
checkup in 2015 or had claims data in follow-up years between
2016 and 2020.

Demographic and lifestyle behaviour

Demographic data included age, sex, and residential area. The self-
administered questionnaires comprised 22 items on medical history,
alcohol consumption, smoking, physical activity, and dietary habits/
behaviour, and the participant responses to the questionnaires were
used to determine the lifestyle behaviour patterns, which reflected an
individual's current behavioural profiles (a total of ten questions).

Clinical examinations

Measurements of BMI (kg/m2, defined as body weight divided
by body height square), waist circumference (cm), fasting blood
glucose (mg/dL), low-density lipoprotein cholesterol (LDL-C, mg/

dL), high-density lipoprotein cholesterol (HDL-C, mg/dL), triglyc-
eride (mg/dL), systolic blood pressure (SBP, mmHg), and diastolic
blood pressure (DBP, mmHg)were recorded. Abnormalities of these
conditions were defined as fasting blood glucose level being
�126 mg/dL, SBP �140 mmHg, DBP �90 mmHg, LDL-C �140 mg/
dL, HDL-C <40 mg/dL, or triglyceride �150 mg/dL.

Ascertainment of incident type 2 diabetes

Information on T2DM occurrence, including medical, diagnostic
procedure combination, and dispensing receipts, was identified
from the database. We considered inpatient and outpatient receipts
confirmed based on the International Classification of Diseases 10th
revision E11-E14 and pharmaceutical classification 396 (antidia-
betic agent).

Statistical analysis

A total of 291,649 residents attended health checkups in 2015
(Fig. 1). We included 204,014 individuals in this study, excluding
those with T2DM and history of stroke, heart disease, and renal
disease reported in 2015, and those who did not attend all health
checkups or did not have claim data available during 2016 and
2020. After excluding those with four or more missing answers (1%
men and 3% women) to the behaviour questions, 193,246 partici-
pants were included in the analysis.

In coding the ten risk factors selected, we assigned ascending
numbers along weak risk categories, for example, “1” for “no” and
“2” for “yes” in answering the question “Do you have sufficient
sleep for rest?”: “1” for “faster,” “2” for “normal,” and “3” for
“slower” in answering the question “How fast do you eat compared
with others?” Then, in the analysis dataset, we imputed these
missing values of behaviour variables and clinical measurements of
blood pressure, glucose, and cholesterol as per sex, using the me-
dian value from available answers, respectively.22 In this way, the
validity of the results was not affected.

Because lifestyle behaviour variables in the health checkup
questionnaire were categorical, we calculated the polychoric cor-
relation coefficients for each pair.23 Based on the polychoric cor-
relation coefficients of lifestyle factors, the behavioural patterns
(latent variables) were derived using the principal component
analysis (PCA). The varimax rotation of the identified patterns was
applied to improve their interpretability. We selected two factors
mainly according to eigenvalues (>1.5), scree plots, and factor
interpretability and considered factors with absolute loadings of
�0.3 to account for each component.24 Among four factors that
satisfied the criteria, a two-factor solution appeared to describe the
most meaningfully distinctive behaviour patterns of the study
population. The cumulative variance explained by the two factors
was 0.39 in men and 0.41 in women. We labelled the derived
patterns as the “dietesmoking” pattern (including smoking,
alcohol drinking, skipping breakfast, eating fast, late dinner, and
snacking) and the “physical activityesleep” pattern (including
physical exercise, walking equivalent activity, walking fast, and
sufficient sleep) based on question items with high factor loadings,
i.e., more conjugated behaviour variables, in each pattern. To reflect
how closely behaviour resembles each identified pattern, we
calculated the pattern-specific scores for each study participant
based on the combinations of behaviours given by the standardised
scoring coefficients.23,25 For further analysis, we categorised the
behaviour pattern scores into quartiles (Q1eQ4).

We used the Cox regression model to estimate the associations
between behavioural patterns and the incidence of new-onset
T2DM in the follow-up years between 2016 and 2020. We calcu-
lated the person-year by the onset date of outpatient or inpatient

E. Ma, M. Fukasawa, T. Ohira et al. Public Health 224 (2023) 98e105

99



(date on which they get admitted to the hospital or take drugs
repeatedly), whichever came first, and if no death date, the last
health checkup date was recorded as the census. Hazard ratios and
95% confidence intervals (95% CI) were estimated using the first
quartile of pattern scores as the reference. Multivariable regression
analyses were conducted with adjustments for variables according
to previous publications on cardiovascular risk factors identified
by Fukushima Health Management Surveys.26e29 Model 1 was
adjusted for age and residential area; model 2 further included
clinical measurements at the baseline. BMI, waist circumference,
SBP, and DBP were in normal distributions. Age was grouped as
40e44, 45e49, 50e54, 55e59, 60e64, 65e69, and 70e74 years;
residential areas (home address registry) included Aizu, Nakadori,
Hamadori, and Outside Fukushima according to the second med-
ical administrative areas in Fukushima, and fasting blood glucose,
LDL-C, HDL-C, and triglycerides were categorised into quartiles.
A linear trend was tested using the median value of pattern scores
in quartile categories as continuous variables. Because overweight/
obesity plays a complex role in T2DM development,30 we tested
the potential interactions between behaviour patterns and
BMI; then, we provided a stratified analysis for BMI with a 25 kg/
m2 cut-off.

To better address the association of behaviour patterns with
T2DM cases diagnosed late, we conducted a sensitivity analysis
excluding participants in the first two years of follow-up. To
confirm the study findings, we also performed regression analysis
using the dataset by applying ten multiple imputations under the
missing at-random assumption to handle the missing values of
included variables. All data were separately analysed for men and
women due to lifestyle disparity, using SAS statistical software
version 9.4 for Windows (SAS Institute, Cary, NC). All P values
reported were two-sided, and a P value of <0.05 was considered
statistically significant.

Results

Table 1 shows the participant characteristics during specific
health checkups in 2015. Healthy behaviours were higher in
women than in men, i.e., current smoking was 36.1% and 8.8%,
eating faster was 29.0% and 24.6%, often skipping breakfast was
17.8% and 9.5%, and everyday alcohol drinking was 47.3% and 11.5%
in men and women, respectively. However, women had more
snacks betweenmeals but less sufficient sleep than men. Except for
LDL-C and HDL-C, clinical measurements recorded for men were
higher than those in women.

The mean follow-up was 3.97 years in men and 3$98 years in
women. The number (person-years) of new T2DM cases was 2273
(360,501) in men and 1600 (408,233) in women. The accumulative
incidence rate of T2DM was 630.5 in men and 391.9 per 100,000
person-years in women.

All paired polychoric correlation coefficients were statistically
significant, except those between current smoking and eating fast
(r ¼ �0.0025, P ¼ 0.612) as well as snacking and walking fast (r ¼
0.0098, P ¼ 0.156) in men; current smoking and walking fast
(r ¼ 0.0008, P ¼ 0.913), alcohol drinking and sufficient sleep (r ¼
0.0081, P ¼ 0.096), alcohol drinking and physical exercise
(r ¼ 0.0069, P ¼ 0.154), late dinner and walking fast (r ¼ 0.0014,
P ¼ 0.814), and eating fast and physical exercise (r ¼ �0.0005,
P ¼ 0.915) in women. Table 2 shows the lifestyle behaviours and
factor loadings of two patterns identified. Similar patterns were
observed in men and women. In each pattern, healthy behaviour
categories, except alcohol drinking, had higher median scores than
counterpart categories both in men and women (Supplementary
Table 1).

The higher scores of both lifestyle patterns in men and women
were significantly associated with T2DM incidence risk during the
follow-up years in the age- and area-adjusted model (Table 3). In

Fig. 1. Data flow for analysis, Fukushima Health Database 2015e2020.
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model 2, significant inverse associations and linear trends were
observed in the “dietesmoking” pattern (reduced risk 18% in men
and 13% in women) but not in the “physical activityesleep” pattern
both in men and women. After the exclusion of participants in the
first two years of follow-ups (model 3), significant inverse associ-
ations for the “dietesmoking” pattern remained in men (reduced
risk by 27%) and women (reduced by 15%).

In addition, when adding the interaction term of pattern score
(continuous variable) and BMI (continuous variable), a significant
interaction effect was observed in the “dietesmoking” pattern in
men (P-interaction ¼ 0.001). In a further stratified analysis, both
men and women with overweight/obesity showed inverse associ-
ations of “dietesmoking” pattern scores with T2DM incidence risk,
whereas only men with BMI <25 kg/m2 showed an inversed asso-
ciation of “physical activityesleep” pattern scores with T2DM
incidence risk (Table 4).

In the repeated analysis for the dataset with ten multiple im-
putations, we observed similar regression analysis results,

including those in themain effect model and the results in stratified
analysis by overweight status (Supplementary Table 2).

Discussion

This study enriched the evidence of combined healthy lifestyle
behaviours to prevent the incidence of T2DM, deriving behavioural
patterns from a health insurance database. In both men and
women, the “dietesmoking” pattern had a prominently inverse
association with the incidence of T2DM compared to the “physical
activityesleep” pattern. The “physical activityesleep” pattern also
showed a protective effect on T2DM risk in non-overweight men.

Combined behaviour factors versus behaviour patterns

Focussing on multiple risk factors instead of one certain is the
primary priority for reducing the global burden of T2DM.21 Un-
derstandably, the comprehensive evaluation of healthy lifestyle

Table 1
Characteristics of participants at the baseline, Fukushima Health Database, 2015.

Men Women P-value

(n ¼ 90 769) (n ¼ 102 477)

Age (years), mean (SD) 57$5 (10.1) 59$4 (9$7) <$0001
Lifestyle behaviour question
Current smoking (yes), % 36$1 8$8 <$0001
Light physical exercise �30 min, �2 times/week in for more than 1 year (yes), % 28$8 26$7 <$0001
Walking or equivalent activity, �1 h/day (yes), % 36$3 34$1 <$0001
Walking faster than those of the same age (yes), % 46$0 42$2 <$0001
Easting faster compared to others, % <$0001
Faster 29$0 24$6
Normal 64$4 68$0
Slower 6$6 7$4

Late dinner within 2 h before sleep, �3 times/week (yes), 30.4 15$8 <$0001
Snacking besides 3 meals, �3 times/week (yes), % 11$1 14$4 <$0001
Skipping breakfast, �3 times/week (yes), % 17$8 9$5 <$0001
Alcohol drinking, % <$0001
Every day 47$3 11$5
Occasionally 25$9 26$4
Almost no 26$8 62$1

Sufficient sleep (yes), % 70.8 67$3 <$0001
Clinical measurement
Body Mass Index (kg/m2), mean (SD) 23$7 (3$2) 22$6 (3$6) <$0001
Waist circumference (cm), mean (SD) 84$3 (9$0) 80.4 (9$8) <$0001
Diastolic blood pressure (mmHg), mean (SD) 78$5 (11$0) 74$0 (10.5) <$0001
Systolic blood pressure (mmHg), mean (SD) 127$6 (15$6) 123$8 (16$0) <$0001
Fasting blood glucose (mg/dL), median (interquartile) 94 (91, 102) 93 (88, 98) <$0001
Low-density lipoprotein cholesterol (mg/dL), mean (SD) 123$4 (31$3) 126$7 (31$1) <$0001
High-density lipoprotein cholesterol (mg/dL), mean (SD) 57$4 (14$9) 67$0 (15$6) <$0001
Triglyceride (mg/dL), median (interquartile) 105 (74, 154) 83 (61, 115) <$0001

SD, standard deviation.

Table 2
Factor loadings of lifestyle behaviour patterns identified by principal component analysis, Fukushima Health Database, 2015.

Lifestyle behaviour Men Women

Diet-smoking Physical activity-sleep Diet-smoking Physical activity-sleep

Skipping breakfast, �3 times/week 0.724 0.159 0.743 0.163
Late dinner within 2 h before sleep, �3 times/week 0.689 0.014 0.680 0.055
Current smoking 0.479 0.170 0.689 0.093
Alcohol drinking �0.049 �0.064 0.458 �0.099
Snacking besides three meals, �3 times/week 0.616 �0.026 0.483 0.140
Eating faster compared to others 0.296 �0.160 0.203 �0.082
Light physical exercise �30 min, �2 times/week

for more than 1 year
0.165 0.836 0.152 0.822

Walking or equivalent activity, �1 h 0.016 0.835 �0.048 0.811
Walking faster than those of the same ages �0.101 0.664 �0.146 0.673
Sufficient sleep 0.427 0.313 0.274 0.383
Scores, median (interquartile) 0.223 (�0.509, 0.677) �0.142 (�0.844, 0.717) 0.278 (�0.387, 0.634) �0.081 (�0.799, 0.744)

*Loadings of an absolute value of �0.30 are shown in bold.
Abbreviation: SD: standard deviation.
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Table 3
Associations between lifestyle behaviour patterns scores and diabetes mellitus incidence risk, Fukushima Health Database, 2015e2020.

Pattern Scores Men (n ¼ 90 769) Women (n ¼ 102 477)

HR 95% CI HR 95% CI

Dietesmoking
Model 1a Q1 (lowest) Ref. e Ref. e

Q2 0.86 (0.77, 0.97) 0.78 (0.67, 0.90)
Q3 0.81 (0.71, 0.91) 0.82 (0.71, 0.95)
Q4 0.73 (0.64, 0.82) 0.86 (0.75, 0.99)
P for trend <0.001 0.019

Model 2b Q1 (lowest) Ref$ e Ref$ e

Q2 0.94 (0.84, 1$06) 0.82 (0.71, 0.95)
Q3 0.90 (0.80, 1$02) 0.85 (0.74, 0.99)
Q4 0.82 (0.72, 0.92) 0.87 (0.76, 1$00)
P for trend 0.002 0.034

Model 3c Q1 (lowest) Ref$ e Ref$ e

Q2 0.92 (0.80, 1$05) 0.83 (0.70, 0.97)
Q3 0.87 (0.76, 1$00) 0.84 (0.71, 0.99)
Q4 0.73 (0.63, 0.84) 0.85 (0.73, 1$00)
P for trend <0.001 0.033

Physical activityesleep
Model 1a Q1 (lowest) Ref$ e Ref$ e

Q2 1$11 (0.99, 1$24) 0.89 (0.78, 1$02)
Q3 1$01 (0.92, 1$11) 0.80 (0.69, 0.92)
Q4 0.88 (0.78, 0.99) 0.79 (0.69, 0.91)
P for trend 0.004 0.001

Model 2b Q1 (lowest) Ref$ e Ref$ e

Q2 1$04 (0.92, 1$16) 0.88 (0.77, 1$01)
Q3 0.98 (0.87, 1$10) 0.87 (0.75, 1$00)
Q4 0.92 (0.82, 1$04) 0.92 (0.80, 1$06)
P for trend 0.0996 0.372

Model 3c Q1 (lowest) Ref$ e Ref$ e

Q2 1$02 (0.89, 1$16) 0.87 (0.74, 1$01)
Q3 0.99 (0.87, 1$13) 0.86 (0.73, 1$02)
Q4 0.90 (0.78, 1$03) 0.94 (0.80, 1$10)
P for trend 0.076 0.665

HR, hazard ratio; CI, confidence interval.
a Model 1: adjusted for age (40e44, 45e49, 50e54, 55e59, 60e64, 65e69, and 70e74) and area (Aizu, Nakadori, Hamadori, and Outside Fukushima).
b Model 2: further adjusted for body mass index (kg/m2), waist circumference (cm), fast blood glucose (mg/dL) (quartile), systolic blood pressure (mmHg), diastolic blood

pressure (mmHg), high-density lipoprotein cholesterol (mg/dL) (quartile), low-density lipoprotein cholesterol (mg/dL) (quartile), and triglyceride (mg/dL) (quartile).
c Model 3: same as the Model 2 for those in two or more years of follow-up (77 419 men and 88 672 women).

Table 4
Associations between lifestyle patterns scores and diabetes mellitus incidence risk in insured participants overweight or non-overweight, Fukushima Health Database,
2015e2020.

Pattern Scores Men, BMI <25 kg/m2

(n ¼ 62 285)
Men, BMI �25 kg/m2

(n ¼ 28 484)
Women, BMI <25 kg/m2

(n ¼ 79 963)
Women, BMI �25 kg/m2

(n ¼ 22 514)

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Dietesmoking
Model 1a Q1 (lowest) Ref. e Ref. e Ref. e Ref. e

Q2 1$07 (0.88, 1$30) 0.83 (0.71, 0.96) 0.82 (0.66, 1$01) 0.77 (0.63, 0.94)
Q3 1$08 (0.89, 1$32) 0.71 (0.60, 0.83) 0.95 (0.77, 1$17) 0.74 (0.60, 0.91)
Q4 0.92 (0.76, 1$24) 0.69 (0.59, 0.81) 0.95 (0.78, 1$16) 0.80 (0.66, 0.96)
P for trend 0.458 <0.001 0.754 0.006

Model 2b Q1 (lowest) Ref$ e Ref$ e

Q2 1$07 (0.88, 1$31) 0.90 (0.77, 1$05) 0.83 (0.67, 1$02) 0.84 (0.69, 1$02)
Q3 1$14 (0.93, 1$38) 0.78 (0.67, 0.92) 0.96 (0.78, 1$18) 0.76 (0.62, 0.94)
Q4 0.95 (0.78, 1$16) 0.77 (0.65, 0.90) 0.95 (0.78, 1$16) 0.81 (0.67, 0.98)
P for trend 0.761 0.0004 0.762 0.011

Physical activityesleep
Model 1a Q1 (lowest) Ref$ e Ref$ e Ref$ e Ref$ e

Q2 0.95 (0.80, 1$14) 1$14 (0.98, 1$33) 0.95 (0.78, 1$16) 0.85 (0.71, 1$02)
Q3 0.91 (0.76, 1$08) 1$01 (0.86, 1$18) 0.89 (0.72, 1$09) 0.78 (0.64, 0.96)
Q4 0.83 (0.70, 0.99) 0.89 (0.76, 1$06) 0.87 (0.72, 1$06) 0.89 (0.73, 1$08)
P for trend 0.029 0.039 0.152 0.259

Model 2b Q1 (lowest) Ref$ e Ref$ e

Q2 0.91 (0.76, 1$08) 1$15 (0.98, 1$34) 0.94 (0.77, 1$17) 0.84 (0.70, 1$01)
Q3 0.89 (0.74, 1$06) 1$07 (0.92, 1$26) 0.91 (0.74, 1$12) 0.84 (0.69, 1$03)
Q4 0.81 (0.68, 0.97) 1$03 (0.87, 1$22) 0.90 (0.75, 1$10) 0.95 (0.78, 1$15)
P for trend 0.026 0.922 0.338 0.734

BMI, body mass index, defined as body weight (kg) divided by the square of body height (m); HR, hazard ratio; CI, confidence interval.
a Model 1: adjusted for age (40e44, 45e49, 50e54, 55e59, 60e64, 65e69, and 70e74) and area (Aizu, Nakadori, Hamadori, and Outside Fukushima).
b Model 2: further adjusted for body mass index (kg/m2), waist circumference (cm), fast blood glucose (mg/dL) (quartile), systolic blood pressure (mmHg), diastolic blood

pressure (mmHg), high-density lipoprotein cholesterol (mg/dL) (quartile), low-density lipoprotein cholesterol (mg/dL) (quartile), and triglyceride (mg/dL) (quartile).
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behaviour is better than that for any single behaviour pattern,18

which shows inconsistent results. For example, in the Chinese
prevention trial in high-risk participants, no difference was found
in the intervention effect of a single change in diet or exercise
habits.31 A Japanese study using national health insurance data
with the same lifestyle questions showed that habits of exercise
and active physical activity were positively associated and fast
walking was negatively associated with T2DM incidence.11 A sys-
tem review revealed that intensive diet and physical activity
behavioural counselling reduced the incidence risk of T2DM in both
intermediate and long-term follow-up.32

We studied varying behaviours to assess their correlation
patterns. The Breslow's score has six behaviour components and
BMI, and the Life's Essential 8 has five behaviour components
and the measurement of BMI, LDL-C, HDL-C, blood pressure, and
fasting blood glucose/hemoglobin A1c. A recent Chinese study
showed a T2DM risk profile constructed by five lifestyle factors of
sleep duration, physical activity, sedentary behaviour, alcohol
drinking, and obesity, as well as five metabolic disorders based
on clinical measurements, i.e., insulin resistance, dyslipidemia,
hypertension, chronic kidney disease, and hyperuricemia.33 We
applied most clinical measurements of T2DM risk at the baseline
for adjustment in the regression analysis because they may also
serve as the mediate factors in the complicated mechanism of
T2DM development.34 The combined categories (risk numbers) of
behaviour factors may not be precisely reflected correlations
among behaviour risks in individuals. Patterns, however, closely
match lifestyle habits and resemble the synergistic effects of
multiple behaviours in a specific population. As individual
pattern scores were calculated, both have negative and positive
values; higher scores indicate more closed behaviours congre-
gated. Based on codes for behaviour variables in our study, the
higher the pattern scores, the healthier the lifestyle habits.

Disparity of associations in gender and overweight/obese status

The association between combined risk factors may not be
equal in higher and lower population.21 The pathophysiology of
T2DM differs between obese and non-obese (lean) individuals.35

Epidemiological studies have shown that obesity is the most
crucial risk factor for T2DM, influencing the development of in-
sulin resistance and disease progress. An American study
revealed that associations with T2DM risk were consistent
among normal, overweight, and individuals with obesity.20 Our
study showed the inverse association of the “dietesmoking”
pattern in men and women with overweight/obesity, which was
similar to the study using the Japan Medical Data Centre (JMDC)
database in which the national health program prevented or
delayed the incidence of T2DM with improvement in obesity
among male employees with pre-diabetes.5 The multi-ethnic
study on unhealthy clustered behaviour indicated Asians had
an increased risk of T2DM associated with the smoking-risky-
drinking-inactive class.19 Asian people are lean compared to
western people; the lean participants might attenuate the impact
on the incidence risk, but for overweight or people with obesity,
in other words, maintaining optimal body weight through
healthy dietary habits is essential.8

On the other hand, we observed the protective effect of the
“physical activityesleep” pattern in men with BMI <25 kg/m2,
indicating that physical activity may be more effective than di-
etary intervention in lean people in lowering T2DM risk. Our
study supports that high physical activity/low sitting did not
attenuate the risk of T2DM associated with overweight/obesity.36

As the gender disparity in T2DM risk was reported,28,30 lifestyle
factors might modulate adiponectin levels in the general male

population.37 A previous study did report that a healthy diet in
reducing T2DM risk was more remarkable in women.28 In-
teractions among physical activity, overweight/obesity, and sex
are complex.30 It can be helpful to elucidate the mechanisms in
future studies on how behaviour patterns could prevent the onset
of T2DM in individuals with obesity or lean phenotypes and in
those with diabetes clustering (insulin resistance or b-cell
dysfunction).35

Perspectives of the behaviour pattern study

The strength of the current study was that it included a large
population in the study area and that the associations were
measured through an identified cohort and applied baseline
measurements of metabolic risk for adjustment in the regression
analysis. The pattern score as the latent variable was a rough
indicator. It should be noted that a simplified name for a
behaviour pattern does not always accurately capture the full
range of input variables that significantly contribute to the
variance. Clinical consultations are necessary regarding the
behaviour components, i.e., detailed personal preventive activity
or strategies in T2DM control. Nevertheless, the behavioural
pattern studies on T2DM risk may be promoted further in other
countries. For health promotion purposes, the study findings are
helpful for counselling or intervention by local health authorities,
clinicians, or public health practitioners. Moreover, insurance
databases could be served as surveillance tools to monitor indi-
vidual lifestyle behaviours.

Limitations

One of the limitations of this study is that we only used ten
behaviour questions for PCA, which may not be applicable in
classifying broad behaviours. Therefore, the results of this study on
behavioural patterns might not be generalisable to other countries.
For example, Breslow's score considers alcohol-drinking amount
(g/day),15 and Life's Essential 8 has a more detailed Dietary Ap-
proaches to Stop Hypertension (DASH) diet score, sleep health time,
intensive physical activity time, and smoking categories.17 Due to a
large amount of missing information on alcohol consumption in the
dataset, we did not incorporate it in the PCA. More informative
variables should be considered in further studies, such as alcohol
consumption,17 dietary scores,17,28 the strength of physical activ-
ity,17 and sleep duration.18,38 Second, the average four years of
follow-up was not long enough, as if the physical exercise/activity
effect, for determining the T2DM risk in this study population.
Meanwhile, we only computed the baseline pattern scores and
could not clarify whether participants' habits affected the associa-
tions measured over the years.18,39 Third, socioeconomic factors,
e.g., educational level, family history of T2DM, family income,21 and
occupation,40 were not available for adjustment in the regression
analysis, which were significant determinants of lifestyle behaviour
and health literacy in diabetes.1

In summary, although not many components, the patterns of
healthy lifestyle behaviours elucidated the remarkable preven-
tion of T2DM among middle-aged Japanese. A more favourable
strategy is considering the “dietesmoking” pattern, which helps
promote smoke-free and healthy eating behaviour in the high-
risk population and reduces obesity and diabetes in the general
population. This study method could be applied for the assess-
ment, monitoring, and education of healthy behaviours in a
community or among individuals for comprehensive prevention
of T2DM. Further studies on lifestyle behaviour patterns eluci-
dating the development of type 2 diabetes with long follow-ups
are warranted.
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Letter to the Editor

Mortality burden due to COVID-19: Years of life lost in Turkey

We read with great interest the research article published in
Public Health by G€okler and Metintaş (“Years of potential life lost
and productivity costs due to COVID-19 in Turkey: one yearly eval-
uation”).1 This study covers relevant calculations of mortality and
economic burden using years of life lost (YLL) and years of potential
life lost due to COVID-19 in Turkey in the first year of the pandemic
from March 11, 2020, to March 10, 2021.

YLL calculation is a component that enumerates mortality losses
of disability-adjusted life years. YLL is calculated as described by
Wyper et al., which applies standard Global Burden of Disease
(GBD) methodology of Institute for Health Metrics and Evaluation
by comparing a person's age at the time of death with their residual
life expectancy.2 To calculate YLL, in a concise way, we multiply
COVID-19 deaths for an age group for males or females or both
sexes with life expectancy years in that age group for sex. The
following formula has been used to calculate YLL:

YLL¼
Xn

i¼0
di;g*li

where i is age group in years, di;g is the number of deaths in age
group i among persons with sex g, and li is the residual life ex-
pectancy in age group i.

In Türkiye, data on COVID-19 deaths have been published on the
Web site of Ministry of Health on daily basis. COVID-19 deaths
could be traced with the national surveillance system. Also, popu-
lation data and national life expectancy levels data are published
by national statistical office. These data are required for YLL
calculation.

Open-source COVID-19 deaths data were not disaggregated at
all three levels (i.e. sex, age group, and month) for the whole period

from March 2020 to December 2021; therefore, some assumptions
had to be made to split the data across age groups and over time,
unless it is a real-time data.

With a specific point of view, the authors reported that COVID-
19 deaths in 0e4 years age groups for males was 27 and calculated
YLL 810 for the age group 0e4 years for males. Under this calcula-
tion, life expectancy is 30 years for 0e4 years age group. Following
calculated YLL and reported deaths for the age group 0e4 years, YLL
per 100,000 for the same age and sex group is 21.5, which means
that population size is 627.269 lower than the official data.

To conclude this letter, we would like to propose to recalculate
mortality burden with disaggregation by age and sex due to
COVID-19 deaths in Türkiye in the first year of the pandemic.
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‘Odds Are: They Win’: a disruptive messaging innovation for
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a b s t r a c t

Objective: This paper presents an evidence informed rationale for focussing on harmful gambling
products and industry practices in public health messaging through the example of a recent innovation
called ‘Odds Are: They Win’.
Methods: ‘Odds Are: They Win’ was initially developed through coproduction involving public health
professionals and people with lived experience of gambling harms and implemented across a city-region
area. A review of relevant evidence was undertaken, upon which the research team reflected to draw out
the implications of ‘Odds Are: They Win’ for gambling harms messaging.
Results: Evidence is mounting that safer gambling campaigns framed in terms of individual re-
sponsibility are ineffective and can generate stigma. ‘Odds Are: They Win’ presents an alternative focus
that is not anti-gambling but raises awareness of industry manipulation of the situational and structural
context of gambling. This is in-keeping with historical lessons from the stop smoking field and emerging
research in critical health literacy. The latter highlights the potential of education on the social and
commercial determinants of health to stimulate behaviour change and collective action.
Conclusion: ‘Odds Are: They Win’ is a potentially disruptive innovation for the gambling harms field.
Research is required to robustly evaluate this intervention across diverse criteria, target audiences, and
delivery settings.
Crown Copyright © 2023 Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is

an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Research is increasingly showing that ‘safer gambling’ cam-
paigns, such as ‘Take Time to Think’, are ineffective at stimulating
behaviour change,1,2 with many commentators urging a rethink of
the contents and aims of such campaigns.3e6 Prior ‘responsible
gambling’ campaigns were strongly criticised, from a public health
perspective, for contributing to the normalisation of harmful com-
modity consumption.7e9 Some public health researchers have
highlighted the ambiguous nature of campaign contents, which,
they argued, may be strategic, aiming to promote favourable atti-
tudes towards products or the industry rather than educate on
harm.7,10 By framing gambling harms in terms of individual re-
sponsibility, the gambling industry's role in facilitating harm,
through the development and marketing of harmful products, was
silenced; responsibility for harm was, instead, pushed onto con-
sumers.7e9 At the same time, calls for people to gamble responsibly

implied that harms are a matter of individual choice or personality
type. A binary distinction was constructed between many people
who gamble responsibly and those who do not, who are considered
to be deficient or faulty in some way.11 This can have various con-
sequences, including a tendency to stereotype people who
encounterharm (e.g. ‘the problemgambler’), and social stigma.3,12,13

Gambling harms campaigners and public health researchers
have observed how safer gambling campaigns that attempt to
move beyond individual responsibility share weaknesses of
responsible gambling campaigns.3,5,11,14 While some responsibility
is afforded to gambling operators to enable safer gambling, this is
through self-regulation rather than public policy. Furthermore, a
similar binary between people who gamble ‘safely’ and small
numbers of vulnerable people is posited, serving to retain much of
the responsible gambling framework.14

Recent public health commentary on safer gambling campaign
taglines has emphasised the practical challenges of shifting
conclusively from a focus on individual responsibility. The Austra-
lian government has replaced its responsible gambling messages
with a set of seven taglines, including ‘Chances are you're about to
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lose’, designed to avoid generating stigma.15 As Marko et al. note3,
this safer gambling campaign continues to frame gambling harms
in terms of individual decisions and behaviours. Highlighting his-
torical lessons from counter-industry campaigns in the tobacco
field,16Marko et al. suggest that a focus on harmful products may be
more effective at prompting behaviour change and have positive
implications for social stigma:3 such product- or industry-oriented
educational campaigns have, however, been slow to emerge in the
gambling harms field.

Here, we review the evidence for shifting away from individual
responsibility framings and present a potentially disruptive inno-
vation, called ‘Odds Are: They Win’. Disruptive innovations are
those that upend conventional ways of thinking, often starting
small before displacing established products and services.17 ‘Odds
Are: They Win’ disruptively breaks from individual responsibility
by focussing on harmful industry products and practices, pointing
to new avenues for safer gambling campaigns that, we argue, de-
mand further research.

Why shift away from individual responsibility?

Health messaging campaigns framed in terms of individual re-
sponsibility require an urgent rethink. While some evidence sug-
gests that such campaigns can prompt behaviour change in certain
contexts,18 experimental studies in gambling frequently find null
effects,1,2,19,20 and studies warn of considerable unintended con-
sequences. In environments that are already saturated with prod-
uct marketing, promoting responsible consumption may add
further cues to consume with some experimental studies, in both
the gambling and alcohol harms fields, suggesting that they can
increase use of harmful commodity items.20,21 We have already
noted that the binary between responsible/controlled gambling
and irresponsible/uncontrolled gambling, which underpins
responsible and safer gambling campaigns (see earlier), has been
linked to stereotypes and social stigma. People who experience
gambling harms appear to internalise this binary such that they
view themselves, rather than harmful products, as the source of
harm.3,12,13 This is significant because stigma is a major barrier to
help-seeking behaviour.22 Such binary assumptions may also
impact on how individuals who gamble below high-risk thresholds
understand their gambling and the harms they experience. Indeed,
recent advances in the alcohol harms field warn that binary as-
sumptions in lay understandings of addiction can impede individ-
ual problem recognition, even among individuals experiencing
considerable harm from their drinking.23 This is partly due to ‘the
alcoholic’ stereotype, which constitutes an identity threat that
alcohol users distance themselves from.24

It may be tempting to conclude, given these limitations, that
health messaging campaigns should have no role in public health
strategy for gambling harms. Yet, recent developments in the field
of critical health literacy, as well as historical examples of counter-
industry campaigns in the stop smoking field, suggest that an in-
dustry-oriented focus may be more effective at prompting reflec-
tion and behaviour change. Social marketing campaigns focusing
on cigarettes as the source of harm, when implemented as part of a
joined-up public health strategy, have been found to contribute to
reduced smoking prevalence.16,25 More recently, public health-
framed nutrition interventions have successfully harnessed young
people's desire for autonomy and social justice to promote healthy
eating through enhanced awareness of manipulative marketing
strategies.26,27 Besides these positive impacts on consumption
patterns, moreover, an important consideration is the role of
counter-industry education in driving social and political change.
Recent studies suggest that education on the social and commercial
determinants of health may stimulate collective action28,29 and

secure public support for public health policies, in part by inocu-
lating consumers from industry misinformation.30 The question,
then, is not whether we should invest resources in educational,
health messaging campaigns but rather what form such campaigns
should take.

Why focus on the gambling industry?

The Betting and Gambling Council (BGC), which represents the
gambling industry in the UK, frequently cite prevalence surveys to
argue against a national public health strategy for gambling harms
due to the relatively small percentage of the population in the
‘problem gambling’ category: 0.5% of adults in England in one es-
timate.31 Existing prevalence surveys have, however, well-
recognised weaknesses due in part to a reliance on self-reports of
a highly stigmatised addiction and challenges accessing high-risk
groups:32 the Gambling Commission is, for this reason, devel-
oping a new survey instrument.

Advances in public health research reveal a continuum of
diverse individual and social harms ranging from individual health
impacts, which include suicide, to disruption to families, relation-
ships and community cohesion.33 Seven percent of the UK popu-
lation may be being harmed by someone else's gambling31 with a
recent needs assessment by Greater Manchester Combined Au-
thority estimating that 1 in 15 local residents are experiencing
gambling harms.34 A Public Health England report, reviewed by the
Office of Health Improvement and Disparities in 2023, estimated
that the total national social cost of gambling in England is up to
£1.27 billion.31 The bulk of this social cost may be concentrated at
the low end and middle of the harms continuum because of the
large numbers of ‘low-risk’ and ‘moderate’ gamblers.35

Taking these considerations into account, it becomes difficult to
agree with the longstanding position of the BGC that, alongside
universal safer gamblingmessaging, all that is required are targeted
interventions for the minority of people who are severely harmed
by their gambling.7What is more, the stance jars whenwe consider
that industry profits are disproportionally generated by consumers
experiencing harm with one estimate, by Landman Economics,
calculating that 20% of online profits accrues from ‘problem gam-
blers’.36 Extensive effort is expended, by the industry, to shape both
situational factors (i.e. the supply and marketing of gambling
products) and structural factors (i.e. the products themselves) to
entice people in and keep them gambling once they start.37 Product
innovations in online and machine gambling, purposefully
designed to promote the establishment of repetitive gambling be-
haviours, appear to be particularly harmful.38 Natasha Dow Schüll,
whose book ‘Addiction by Design’ is widely cited in the field, de-
scribes how these work through a self-contained environment,
referred to as ‘The Zone’, in which players lose track of time and
losses in continuous play.39 While regulation of the design and
supply of these addictive products is urgently required, it is our
view that industry manipulation of the situational and structural
context of gambling presents opportunities for educational in-
terventions to exploit.

‘Odds Are: They Win’

‘Odds Are: They Win’ is a social marketing campaign launched
by the Greater Manchester Combined Authority (GMCA) in October
2022. One of the first of its kind in the UK, the campaign raises
awareness of addictive products and harmful industry practices
through various formats and media. The campaignwas coproduced
with a lived experience group called GaMHive, consisting of people
with experience of gambling harms, providing advice on contents.
GaMHive were presented with various design options after an
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initial consultation. Echoing academic criticism of safer gambling
campaigns, GaMHive were critical of one set of images for resem-
bling gambling advertisements too closely. On GaMHive's advice, a
second set was developed that, while still retaining gambling im-
agery, featured bold and impactful statements on gambling harms
and the gambling industry's role in facilitating them. Some GaM-
Hive members believed that exposure to this stronger, industry-
oriented focus may have made a difference to their own gambling
behaviours:

The fundamental message that I needed to hear at 16, 17 years old
was that the gambling industry makes 14 billion a year. It doesn’t
do that by making lots of winners. Ninety-nine percent of the
customers lose. The other 1% get their accounts restricted or closed.
This is the industry you’re up against (GaMHive member, personal
communication)

Example ‘Odds Are: They Win’ advertisements feature in Fig. 1.
The DOWN advertisement features information on the diversity of
gambling harms, as this is poorly understood among the public.40

Down denotes both financial loss and unhappiness. The scratch
card image replaced an initial roulette wheel, as GaMHive
advised the latter could be triggering. LOSE similarly denotes
diverse financial and health-related losses. Information is pre-
sented on a particularly harmful product, the Fixed Odds Betting
Terminal. The FIXED advertisement features a truism regarding the
main purpose of the gambling industry with a view to countering
marketing that presents operators as friends of peoplewho gamble.
These, and other advertisements were implemented over a three-
month pilot period on social media and in diverse physical set-
tings, including Greater Manchester's tram system and coffee shop
chains. Service evaluation data revealed considerable reach,
including an estimated þ1.4 million people across the region.41

A disruptive innovation?

We consider ‘Odds Are: They Win’ to be a potentially disruptive
innovation in the gambling harms field, recognising that full
‘disruptive’ status would require individual responsibilityeframed
campaigns to be displaced more fully. The UK government
recently announced an intention to replace industry-funded safer
gambling messaging with independent and robustly evaluated
public health messages.42 We propose that ‘Odds Are: They Win’ is
evaluated, as part of this policy drive, to assess the potential of the
tagline to raise awareness of the risks of gambling and associated
harms. Interestingly, ‘Odds Are: They Win’ shares similarities with
the Australian government's ‘Chances are you're about to lose’
tagline, which exhibited the strongest impact of 7 similar taglines
on testing:15 i.e. they both target the information asymmetry that

sees many people who gamble overstate the odds of winning.43

However, the direct reference to the gambling industry (i.e.
‘They’), along with the accompanying information on harmful
products and practices, ensures ‘Odds Are: They Win’ breaks more
conclusively with individual responsibility framings. The campaign
is testament to how lived experienceeled knowledge can disrupt
established research paradigms.44

Key questions for ‘Odds Are: They Win's’ development pertain
to future contents, media types, target groups, and delivery con-
texts. We would argue in favour of a preventative focus on low-risk
and moderate-risk gamblers, as opposed to people who are expe-
riencing severe harm: among the latter group, messages promoting
sources of support may be more appropriate, although an impor-
tant consideration is whether ‘Odds Are: They Win's’ industry-
oriented focus has stigma-related benefits here. Among low-risk
and moderate-risk users, with research suggesting that stereotyp-
ical notions of ‘the problem gambler’ can complicate individual
problem recognition in a way similar to how ‘the alcoholic’ ste-
reotype functions in the alcohol field,45 a research priority is to
explore the responses of this group to ‘Odds Are: They Win’.
Bypassing simplistic binaries that imply that harms are experi-
enced by a small subset of people (as opposed to existing on a broad
spectrum),23 ‘Odds Are: They Win’ could be more conducive to
individual reflection and behaviour change than typical safer
gambling campaigns.

‘Odds Are: They Win’ may also have broader relevance to how
gambling harms are talked about in society and help counter
strategic industry communications, which include efforts to pit
consumers against public health actors.46 GMCA implemented
‘Odds Are: They Win’ in public settings to stimulate debate in the
public sphere.41 This has potential implications for gambling nar-
ratives, social norms, and policy preferences. Public sphere dis-
cussion, prompted by ‘Odds Are: They Win’, could increase support
for public health legislation for addressing gambling harms among
people who do not gamble, or among people with positive
gambling experiences in the past. ‘Odds Are: TheyWin's’ evaluation
must, therefore, consider diverse criteria, target groups, and de-
livery settings. For, there may be positive externalities from the
universal provision of information on harmful products and in-
dustry practices in markets characterised by major information
asymmetry and social cost.
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Authors’ response

Re: Letter to the Editor of Public Health in response to ‘Years of
potential life lost and productivity costs due to COVID-19 in Turkey:
one yearly evaluation’

We would like to thank you for evaluating our article “Years of
potential life lost and productivity costs due to COVID-19 in Turkey:
one yearly evaluation”. We have carefully reviewed the above
points based on the article and data. We thank the authors and
your editor for giving us the opportunity to review the data again.

The years of life lost (YLL) formula given by the esteemed letter
writers and the formula we used in our article are different. The
calculation formula for YLL can be found below in the section on
the material and method in our article:

YLL¼ KCera

ðr þ bÞ2
h
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where a ¼ age of death (years), r ¼ discount rate (usually 3%), b ¼
age-weighting constant (e.g. b ¼ 0.04), K ¼ age-weighting modu-
lation constant (e.g. K¼ 1), C¼ adjustment constant for ageweights
(e.g. C ¼ 0.1658), and L ¼ standard life expectancy at the age of
death (years).1,2

As can be seen in this formula, the discount rate, age-weighting
constant, and adjustment constant are used for age-weighted
values. The formula we use is the one used in the Global Borden
Disease study, and this formula is preferred in the literature.1e3 In
the formula given by the authors of the letter, YLL are calculated
without using a correction factor (x). At this point, we believe
that the results we obtained are more realistic. If the calculation
were made using the formula given by the authors of the letter,
the total number of YLL formenwould be 269,128. This valuewould
be 23% higher than the value we calculated (205,177).

In our calculations, the average life expectancy for the 0e4 years
age groupwas set at 75.4 years for males. YLL for this age group and
YLL per 100,000 for the same age and sex group are consistent with
the male population aged 0e4 years (3,254,719) reported in the
official data.4

In our study, YPLL was also calculated in the 15- to 64-year-old
age group using the method indicated by the author. This should be
accepted as an important contribution of our study to the literature.
It should be noted that there is no other way to obtain study data
other than using the open database of the Ministry of Health. The

Ministry of Health does not release data for the time period and
age groups individually requested by researchers during the
pandemic COVID -19. In this case, the necessary assumptions are
made about the database shared by the Ministry of Health with
the public. In our study, we do not believe that the burden and
cost of COVID-19 by age groups and sex were calculated using the
methods accepted in the literature and official data sets and that
the data should be reanalyzed as the author claims.
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Letter to the Editor

Re: Role of confounding factors attributing to the changes in physical
activity of students and academic staff of Austrian universities during
the COVID-19 lockdown

I read with interest the conclusions of Motevalli et al.1 recently
published online by the journal. The authors have concluded that
while all measured sociodemographic variables (including sex,
age, body mass index, study level, living area, nationality, and Aus-
trian regions) were significantly associated with the direction of
physical activity (PA) changes among the students, only living
area and Austrian region were found to be significant indicators
of the direction of PA changes in academic staff. The conclusions
were drawn based on self-reported online survey data on sociode-
mographic characteristics and PA sample size provided by 4528
students and 1041 academic staff. However, I am afraid that the re-
sults may be influenced by certain confounding factors and a lacuna
in the methodology.

We understand that the data collection was done from April to
July 2021, when a series of COVID-19 restrictions and measures
were implemented in Austria, such as online classes, the closure of
non-essential businesses, etc., amongst others. We may infer here
that the directives to close fitness centres, public parks, and other
infrastructure required toengage inaphysicallyactive lifestyle could
have played a role in the limitation of PA rather than sociodemo-
graphic characteristics. This, compounded by the ‘stay-at-home’ or-
ders of the government, can make it difficult for the public to
continue standard PA patterns. Another factor thatmight be consid-
ered is the link betweenmedical conspiracy beliefs and reluctance to
engage in health-protective behaviours.2 This may be extended to
the COVID-19 period regarding PA. Despite the benefits of physical
activities onmental andphysical healthduring the lockdownperiod,
high-volume and high-intensity physical activities were not recom-
mended during the pandemic, and moderate-to-high-intensity PA
of more than 90 min duration without adequate rest can reduce
cellular immunity.3 Furthermore, the authors have not clarified
the inclusion and exclusion criteria regarding the COVID-19 symp-
toms, as it is likely that either theparticipants or the familymembers
living in the household testing positive for coronavirus, those on
quarantine and self-isolation, and those awaiting results of corona-
virus testing could limit their PA. The role of social isolation and
loneliness, distress and anger, and loss of part-time income to sup-
port studies due to COVID-19 as confounding factors on the PA out-
comes could not be ruled out either, as the study design is cross-
sectional in nature (my apologies if the questionnaire was misinter-
preted, as I could not find the English version and my German lan-
guage skills are poor). Similarly, I do not see the study collecting
the socio-economic status of the participants, as previous work

has shown that this characteristic can influence the amount of
time spent engaging in PA.4 Finally, it is quite plausible that remote
working and learning can blur the roles of family, work, and home
commitments, which could affect the study outcomes.5 As regres-
sion analysis between the variables has not been undertaken, it
may not be possible to sort out those sociodemographic variables
that indeed had a real impact on PA.
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a b s t r a c t

Objectives: The aim of this study was to systematically evaluate the current economic burden of coronary
heart disease (CHD) in mainland China and provide a reference for the formulation of policies to reduce
the economic burden of CHD.
Study design: A systematic literature review was conducted of empirical studies on the economic burden
of CHD over the past 20 years.
Methods: PubMed, Web of Science, Embase, China Knowledge Resource Integrated Database and the
WANFANG database were comprehensively searched for relevant articles published between 1 January
2000 and 22 December 2021. Content analysis was used to extract the data, and Stata 17.0 software was
used for analysis. The median values were used to describe trends.
Results: A total of 35 studies were included in this review. The annual median per-capita hospitalisation
expense and the average expense per hospitalisation were $3544.40 ($891.64e$18,371.46) and $5407.34
($1139.93e$8277.55), respectively. The median ratio on medical consumables expenses, drug expenses,
medical examination expenses and treatment expenses were 41.59% (12.40%e63.73%), 26.90% (7.30%
e60.00%), 9.45% (1.65%e33.40%) and 10.10% (2.36%e66.00%), respectively. The median per-capita hos-
pitalisation expense in the eastern, central and western regions were $9374.45 ($2056.13e$18,371.46),
$4751.5 ($2951.95e$8768.93) and $3251.25 ($891.64e$13,986.38), respectively. The median average
expense per hospitalisation in the eastern and central regions were $6177.15 ($1679.15e$8277.55) and
$1285.49 ($1239.93e$2197.36), respectively. The median average length of stay in the eastern, central
and western regions were 9.3 days, 15.2 days and 16.1 days, respectively.
Conclusions: The economic burden of CHD is more severe in mainland China than in developed coun-
tries, especially in terms of the direct economic burden. In terms of the types of direct medical expenses,
a proportion of medical examination expenses, treatment expenses and drug expenses were lowest
in the eastern region, but medical consumables expenses were the highest in this region. This study
provides guidance for the formulation of policies to reduce the economic burden of CHD in mainland
China.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Coronary heart disease (CHD) is the most common type of car-
diovascular disease (CVD),1 the leading cause of death and disability
worldwide and the third leading cause of all deaths in people aged
>35 years.2Worldwide, the regionswith the largest increases in the
incidence of cardiac event are Latin America, the Middle East and
the Far East, but some regional differences have also been re-
ported.3 In 2020, an Australian study reported that CHD accounts
for nearly half (47%) of CVD-related deaths and was the leading
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cause of CVD-related hospitalisations and the highest disease
burden in Australia.4 Similarly, CHD is also the major cause of death
in China.5 The burden of CHD is increasing rapidly in most low- and
middle-income countries and has become a significant public
health problem.6

It was estimated that there were would be around 11 million
patients with CHD in mainland China in 2018; by 2020, the number
of patients had increased to 11.39 million.7 The mortality rates of
CHD from 2010 to 2019 showed a continuous upward trend.8 It is
predicted that the incidence and mortality of CHD in China will
continue to increase in the next decade.7 It is estimated that the
premature cardiovascular mortality rate in China will reach 11% by
2050, compared with 3% in Western Europe.9

Patients with CHD need lifelong medication, and some require
the implantation of stents to dilate blood vessels, which is a huge
economic burden. The average annual growth rate of inpatient
expense for CHD is much higher than the national gross domestic
product (GDP) growth rate.10,11 It was reported that CVD was the
major source of healthcare costs in the United States and is ex-
pected to reach more than $177 billion by 2040.12 In the United
States, each personwith CHD loses an average of $698 due to short-
term disability.13 In Europe, productivity losses associated with
CHD amount to V13,953 per person per year.14 In Indonesia, the
percentage of productivity loss due to CHD is estimated to be 8% of
GDP per year.6

A study of the burden of CVDs in China from 1990 to 2016
showed persistent large differences between provinces in the total
burden of CVD and CVD subcategories.15 A systematic review in
2018 of the economic burden of CVD and hypertension in low- and
middle-income countries showed that the expenses per episode for
hypertension and generic CVD were moderately homogeneous,
ranging between $500 and $1500. CHD and stroke expense esti-
mates were typically higher and more heterogeneous, with most
studies reporting monthly treatment expenses between $300 and
$1000, and some studies reporting more than $5000 per episode.16

The current related research mostly focuses on the economic
burden of CVD and the treatment expense of CHD. However, few
studies have compared the economic burden of CHD in different
provinces in mainland China.

This study conducted a systematic literature review of empirical
studies over the past 20 years. The purpose was to investigate the
cost trends of CHD in mainland China and provide an up-to-date
status on the economic burden of CHD in mainland China to pro-
vide information to formulate and perfect policies and research
objectives in this area.

Methods

This systematic review was registered with the International
Prospective Register of Systematic Reviews website (ID
CRD42023439150).

Search strategy

The search process was conducted in accordance with the Sys-
tematic Reviews and Meta-Analyses 2020 guidelines. Two re-
searchers searched five databases (PubMed, Web of Science,
Embase, China Knowledge Resource Integrated Database, and
WANFANG) for articles related to the economic burden of CHD in
China published between 1 January 2000 and 22 December 2021.
The language of the articles was limited to Chinese or English. The
search strategies were designed as a combination of Medical Sub-
ject Headings.

The keywords used for the literature search were as follows:
group 1 included ‘coronary heart disease’, ‘CHD’, ‘coronary artery

disease’, ‘cardiovascular disease’ and ‘CVD’; group 2 included
‘economic burden’, ‘disease burden’, ‘burden of disease’, ‘diseases
expense’, ‘disease cost’, ‘cost of illness’ and ‘inpatient cost’; and
group 3 included ‘China’ and ‘Chinese’.

In addition, the reference lists of the included articles were
manually searched for further relevant published research to
ensure that all eligible studies were included. This study was based
on previously published literature and did not require the approval
of an ethics committee.

Study selection

Two reviewers screened the titles and abstracts of the retrieved
articles independently based on inclusion and exclusion criteria,
and any disagreements were resolved by a third independent
reviewer.

The inclusion criteria were as follows: (1) studies reported the
direct or indirect expense of CHD or chronic disease; (2) studies
clarified the expense time.

The exclusion criteria were as follows: (1) non-original work,
such as a summary; (2) clinical report; (3) studies without clear
indicators; (4) other inconsistent types of literature, such as con-
ference abstracts, editorials and letters to the editor.

Data extraction

Content analysis was used to extract data. Two reviewers
independently extracted data from the full texts. Microsoft Excel
software was used to save the data, and Stata 17.0 software was
used to visualise the results. The data extracted by each reviewer
was quality controlled by the other reviewer. All disagreements or
discrepancies regarding study inclusion were resolved following
discussion by consensus or consultation with a third independent
reviewer. The reviewers first eliminated articles unrelated to the
theme by reading the titles and abstracts. After this initial
screening, the remaining articles were rescreened through the full-
text reading. A literature extraction table was used to extract data
from the included articles.

The extracted content included (1) basic information (first
author, region, publication year, journal name), (2) source of in-
formation (data source, hospital grade, hospital type, data period,
sample size, sampling method, estimation method), (3) outcomes
of the economic burden (direct economic burden, direct medical
expense, direct non-medical expense, indirect burden, per-capita
hospitalisation expense, average expense per hospitalisation,
length of stay [LOS], the proportion of medical examination ex-
penses, treatment expenses, medical consumables and drug
expenses).

Definitions

Economic burden of disease: the monetary embodiment of the
economic loss to society and the patient caused by the disease, as
well as the resources expended for the prevention and treatment of
the disease, including the direct economic burden, indirect eco-
nomic burden and the intangible burden.

Direct economic burden: medical expenses, travel expenses,
meals and so on are paid by the patient for receiving medical care
services, including direct medical expenses and direct non-medical
expenses.

Direct medical expenses: healthcare expenditures used for
treating disease, comprising treatment expenses (outpatient visits,
surgeries, ward bed and blood infusions, etc.), medical examination
expenses (blood tests, computed tomography [CT], biochemical
tests, ultrasonography, magnetic resonance imaging [MRI], digital
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imaging and pathological examinations), medical consumables
expenses and drug expenses and so on.

Direct non-medical expenses: other expenses paid by the pa-
tient and accompanying persons in the course of receiving health
services, such as nutrition, transportation, travel expenses and the
expenses of hiring caregivers.

Indirect economic burden: the economic loss to the patient and
society due to illness, disability or premature death. All included
studies used the human capital approach to estimate indirect
economic burden.

Intangible burden: the economic loss caused by the suffering
and anxiety of patients and their relatives due to illness. The
intangible burden was too subjective and generally difficult to
measure; therefore, this study did not analyse the intangible
burden of CHD.

Quality assessment

The quality of the included studies was independently assessed
using the Consolidated Health Economic Evaluation Reporting
Standards 2022 (CHEERS 2022).17 There were 28 items on CHEERS
2022. Items 4, 7, 11 and 12 were not applicable to the included
studies (Item 4: Health economic analysis plan; Item 7: Compara-
tors, Describe the interventions or strategies being compared and
why chosen; Item 11: Describe what outcomes were used as the
measure(s) of benefit(s) and harm(s); Item 12: Describe how out-
comes used to capture benefit(s) and harm(s) were measured).
Therefore, 24 items were used to evaluate the quality of the
included studies. As there was no validated scoring system for the
checklist, a qualitative assessment of completeness of reporting by
items was performed.18

Data analyses

The expenses were converted to US dollars ($) using the
Campbell and Cochrane Economics Methods Group Evidence for
Policy and Practice Information and Coordination Centre (CCEMGe

EPPI-Centre) cost converter, with the target currency (country) set
to the United States and the target price year set to 2022. Stata 17.0
software was used to analyse the data. Graphs were used to display
the expense data. Direct medical expenses were grouped from
geographic location and connected with the median to show the
trends. The ratio of specific direct medical expenses was used to
describe the hospitalisation expenses structure, including the ratio
of medical examination expenses, medical treatment expenses,
consumables expenses and drug expenses.

Results

Study selection and features

A total of 7418 studies were initially identified from the database
search, of which 3257 were duplicates. Through screening of the
titles and abstracts, and rejecting studies where the full text was
unavailable, 146 full-text studies were assessed for eligibility. Of
these, 111 studies were excluded. Finally, a total of 35 studies were
included in this review (Fig. 1).

Fig. 2 shows the distribution of provinces and municipalities
investigated in the 35 included studies. The studies covered a total
of 14 provinces and cities, including the eastern region, central
region and western region of China, divided by the National
Development and Reform Commission.19 Nine studies were in the
eastern region, including Beijing, Liaoning and Jiangsu. Six studies
were from the central region, including Jilin, Henan and Anhui.
Sixteen studies were in the western region, including Shaanxi,

Chongqing, Guangxi, Yunnan, Xinjiang and Sichuan. Two studies
reported the economic burden of CHD nationwide. There were two
cross-province studies, one on the economic burden of CHD in eight
cities, including Hangzhou, Hefei, Wuhan, Chengdu, Wuxi, Ton-
gling, Baoji and Shihezi, and the other on Shanxi and Qinghai.

Quality evaluation of included studies

Table 1 shows the quality evaluation results of included stud-
ies.20e54 All studies were reported the items 1, 2, 3, 9, 15, 17, 22, 23,
26 and 28. Seven studies did not report the study population, and
only seven studies reported the setting and location. The perspec-
tive, discount rate, rationale and description of model, character-
ising heterogeneity and characterising distributional effects were
reported by 16 studies, 7 studies, 8 studies, 20 studies and 22
studies, respectively. Only one study did not report the valuation of
outcomes. In total, 23 studies were funded.

Population-level studies

Nine articles (25%) were based on population studies
(Table 2).20e28 The data sources of seven studies were different
forms of questionnaires, one from the National Health Service
Survey Report and one from the information platform. Seven
studies reported the direct economic burden. Eight studies re-
ported the indirect economic burden. The estimation method of
direct economic burden was a two-step model and curve fitting
method (lgy¼ aþ bx). The estimationmethod of indirect economic
burden was the human capital approach.

There were three studies on Yunnan's economic burden of CHD.
Li et al.20 reported that the per-capita direct/indirect economic
burden of CHD in 2007 was $3881.37/$499.28. Li et al.23 and Le
et al.24 reported the per-capita direct/indirect economic burden of
CHD in rural Yunnan in 2015, and the results of both studies were
similar. Cui et al.21 reported that the per-capita direct/indirect
economic burden of CHD in cross-regional poor rural areas in 2009
was $1045.16/$320.16. Qin et al.22 showed that the per-capita
direct/indirect economic burden of CHD in cross-regional urban
residents in 2011was $2532.08/$186.20.Wang et al.25 reported that
the total direct/indirect economic burden of CHD in Henan rural
areas in 2006 was $766.79 million/$464.78 million. Deng et al.26

reported that the total direct/indirect economic burden of CHD in
Xinjiang Production Corps in 2008 was $61.05 million/$1.60
million. Hu et al.27 and Zhang et al.28 reported the national direct
medical expenses of CHD in 2003, 2012, 2014, 2016 and 2017, and
the results showed that the national direct medical expenses of
CHD were increasing over time.

Individual-level studies

Basic characteristics
A total of 26 (75%) individual-level studies29e54 were included in

this review (Table 3). The data sources of 14 (53.85%) studies were
medical record systems and 8 (30.77%) studies were hospital in-
formation systems, and the data for the remaining studies were
from health insurance systems. The cluster sampling method was
used inmost studies (88.46%). Themedian sample size of 25 studies
was 2149 (range: 129e61,026). The median time span of data
collection was 1 year (range: 0.5e6).

Evaluation of economic burden
Fig. 3 shows the time trend of direct medical expenses. The

annual median per-capita hospitalisation expense was $3544.40
($891.64e$18,371.46). The overall median average expense per
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Fig. 1. PRISMA flow diagram for study selection.

Fig. 2. Distribution map of reported provinces and municipalities.
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hospitalisation was $5407.34 ($1139.93e$8277.55). The median
average LOS was 13.2 days (8.4e30.9).

Fig. 4 shows the proportion of different types of direct medical
expenses (note: the years 1997e2002 and 2005e2008 were not
reported). Medical consumables and drug expenses were the main
direct medical expenses, accounting for 41.59% (12.40%e63.73%)
and 26.90% (7.30%e60.00%), respectively. The median proportion of
medical examination expenses and treatment expenses was 9.45%
(1.65%e33.40%) and 10.10% (2.36%e66.00%), respectively.

There were differences in the per-capita hospitalisation ex-
penses among the eastern, central and western regions (see Fig. 5),
with the median expenses being $9374.45 ($2056.13e$18,371.46),
$4751.5 ($2951.95e$8768.93) and $3251.25 ($891.64e$13,986.38),
respectively. The average expense per hospitalisation was not re-
ported in the western region; however, the median expense per
hospitalisation in the eastern and central regions were $6177.15
($1679.15e$8277.55) and $1285.49 ($1239.93e$2197.36), respec-
tively. The median LOS was 9.3 days (eastern region), 15.2 days
(central region) and 16.1 days (western region). Among the
different types of direct medical expenses, the median proportion
of medical examination expenses in the eastern, central and
western regions were 9.45% (6.82%e9.49%), 8.77% (1.65%e33.40%)

and 15.28% (5.20%e32.70%), respectively. The median proportion of
treatment expenses in the eastern, central and western regions
were 3.41% (2.36%e19.00%), 7.15% (6.24%e28.60%) and 12.00%
(5.55%e38.31%), respectively. The median proportion of drug ex-
penses in the eastern, central and western regions were 14.46%
(7.30%e26.52%), 38.57% (24.61%e45.00%) and 47.12% (7.35%e
60.00%), respectively. The median proportion of medical composi-
tion expenses in the eastern, central and western regions were
52.82% (40.90%e63.73%), 28.43% (15.65%e41.59%) and 28.47%
(12.40%e45.95%), respectively.

Discussion

This review included 35 studies from which data were system-
atically extracted on study characteristics and expenses of CHD
adjusted to 2022 US dollars. This study summarised the economic
burden of CHD in China over the past 20 years. In total, 24 of the 35
included studies were published in 2011 and beyond, which in-
dicates that this area of research is gradually attracting attention.
This may be directly related to the high incidence, mortality and
medical expenses of CHD, as well as the loss of productivity.1 The
present study observed that direct medical expenses were usually

Table 1
Quality evaluation results of included studies.a

Author Item

1 2 3 5 6 8 9 10 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Li L20 √ √ √ √ √ √ √ √ √ √ √ e √ √ √ e √ √ √ e √ √ √ √
Cui Y21 √ √ √ √ e e √ √ √ √ √ e √ e √ e √ √ √ e e √ √ √
Qin JM22 √ √ √ √ e e √ √ √ √ √ e √ e e e √ √ √ e √ √ √ √
Li Q23 √ √ √ √ √ √ √ √ √ e √ e √ √ √ e √ √ √ e √ √ √ √
Le C24 √ √ √ √ e e √ e √ √ √ √ √ √ √ e √ √ √ e √ √ √ √
Wang GJ25 √ √ √ √ √ e √ e √ √ √ √ √ √ √ e √ √ √ e √ √ e √
Deng DJ26 √ √ √ √ e e √ √ √ e √ e √ e e e √ √ √ e √ √ √ √
Hu JP27 √ √ √ √ e √ √ √ √ √ √ e √ √ √ e √ √ √ e √ √ e √
Zhang YH28 √ √ √ √ e e √ e √ e √ e √ e e e e √ √ e √ √ √ √
Xu Y29 √ √ √ e e √ √ e √ e √ √ √ e e e e √ √ e √ √ √ √
Yu XH30 √ √ √ √ e e √ e √ √ √ e √ √ √ e e √ √ e √ √ √ √
Zhang Y31 √ √ √ √ e √ √ e √ e √ e √ e e e √ √ √ e √ √ e √
Wang Q32 √ √ √ √ e √ √ e √ √ √ √ √ √ √ e e √ √ e √ √ √ √
Meng NN33 √ √ √ √ e e √ e √ e √ e √ e √ e e √ √ e √ √ √ √
Yang YG34 √ √ √ √ e √ √ e √ e √ e √ e e e e √ √ e √ √ √ √
Xie L35 √ √ √ e √ √ √ e √ e √ e √ √ √ e e √ √ e √ √ √ √
Zhao X36 √ √ √ √ e √ √ e √ e √ √ √ √ √ e e √ √ e √ √ √ √
Xie QX37 √ √ √ √ e e √ e √ e √ √ √ √ √ e e √ √ e √ √ √ √
Wang YL38 √ √ √ √ √ √ √ e √ e √ √ √ √ √ e e √ √ e √ √ √ √
Ding JM39 √ √ √ √ √ √ √ e √ e √ e √ √ √ √ √ √ √ √ √ √ e √
Wu M40 √ √ √ √ e e √ e e e √ e √ e e e e √ √ e e √ √ √
Liu SY41 √ √ √ √ e e √ e √ e √ e √ √ √ e e √ √ e √ √ e √
Yu JP42 √ √ √ √ √ e √ e √ e √ e √ e e e e √ √ e e √ √ √
Zhang Q43 √ √ √ √ e e √ √ √ e √ e √ √ √ √ e √ √ e √ √ √ √
Zhang P44 √ √ √ e e e √ e √ e √ e √ e e e e √ √ e e √ e √
Zhou LZ45 √ √ √ e e e √ e √ e √ e √ √ √ e e √ √ e √ √ √ √
Li ZK46 √ √ √ √ e √ √ e √ √ √ e √ √ √ e e √ √ e √ √ √ √
Tao YH47 √ √ √ √ e √ √ e √ e √ e √ √ √ e e √ √ e √ √ √ √
Li YZ48 √ √ √ e e √ √ e √ e √ e √ e e e e √ √ e √ √ e √
Yang SS49 √ √ √ √ e e √ e √ e √ e √ e e e e √ √ e √ √ √ √
Fan ZJ50 √ √ √ √ e e √ e √ e √ e √ √ √ e e √ √ e √ √ e √
Yan JY51 √ √ √ e e √ √ e √ e √ e √ e e e e √ √ e √ √ e √
Chen NY52 √ √ √ e e e √ e √ √ √ √ √ e e e e √ √ e √ √ e √
Wang J53 √ √ √ √ e e √ e √ e √ e √ √ √ e e √ √ e √ √ e √
Yang L54 √ √ √ √ e √ √ e √ e √ e √ √ √ e e √ √ e √ √ e √

√, reported; “e”, not reported.
a Item 1: Title, Identify the study as an economic evaluation and specify the interventions being compared. Item 2: Abstract, Provide a structured summary that highlights

context, key methods, results and alternative analyses. Item 3: Introduction, Give the context for the study, the study question and its practical relevance for decision-making
in policy or practice. Item 5: Study population. Item 6: Setting and location. Item 8: Perspective. Item 9: Time horizon. Item 10: Discount rate. Item 13: Valuation of outcomes.
Item 14: Measurement and valuation of resources and costs. Item 15: Currency, price date and conversion. Item 16: Rationale and description of model. Item 17: Analytics and
assumptions. Item 18: Characterising heterogeneity. Item 19: Characterising distributional effects. Item 20: Characterising uncertainty. Item 21: Approach to engagement with
patients and others affected by the study. Item 22: Study parameters. Item 23: Summary of main results. Item 24: Effect of uncertainty. Item 25: Effect of engagement with
patients and others affected by the study. Item 26: Study findings, limitations, generalisability and current knowledge. Item 27: Source of funding. Item 28: Conflicts of interest.
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the main study indicator, whereas direct non-medical expenses
and indirect economic burdens were less frequently reported. The
present study also showed that there were differences in the direct
medical expenses of CHD in different regions.

The evaluated data on the economic burden of CHD at the
population level were relatively scattered. The present review
included nine studies based on population-level data, but only two
studies were national studies,27,28 and other studies20e26 focussed
on Yunnan, Henan and other provinces. This study observed that
the years of economic burden reported were not consecutive; thus,
it was difficult to form a complete report of the economic burden of
CHD or establish a forecasting model. It is therefore urgent to in-
crease the investment in scientific research in this field of study to
guide more population-level economic burden evaluations and

provide reference for decision-making of population interventions
in the prevention and control of CHD. For example, cohort studies
should be established, which can evaluate the direct economic
burden and also the indirect economic burden, especially the
impact on productivity.

An Australian study1 comprehensively assessed and predicted
the economic burden of CHD and found that if CHD can be pre-
vented, the total expenses can be reduced by US$14.8 billion.
Currently, a study in Australia2 has constructed a dynamic life table
model, which is stratified according to the status of CHD and
monitors its direct and indirect economic burden.

In terms of the types of expenses covered by the economic
burden, it is more common to study a single direct medical
expense.20e28 It is suggested that more attention should be paid to

Table 2
Characteristics of population-based research.

Author Timea Data source Region Direct
burden ($)

Direct medical
expenses ($)

Direct non-medical
expenses ($)

Indirect
burden ($)

Estimation
methodb

Li L20 2007 Questionnaire Yunnan 3881.37c 3585.95c 171.91c 499.28c M/H
Cui Y21 2009 Questionnaire across regions 1045.16c 995.89c 49.27c 320.16c H
Qin JM22 2011 Questionnaire across regions 2532.08c 2475.80c 56.28c 186.20c M/H
Li Q23 2015 Questionnaire Yunnan 2883.34c 2728.10c 155.24c 103.63c H
Le C24 2015 Questionnaire Yunnan 1411.65c 1318.48c 93.17c 37.63c H
Wang GJ25 2006 Questionnaire Henan 766.79 milliond e e 464.78 milliond C/H
Deng DJ26 2008 Questionnaire Xinjiang 61.05 milliond 57.06 milliond 3.99milliond 1.60 milliond M/H
Hu JP27 2003 Health Service Survey

Report
Nationwide e 14800.86 milliond e 16002.28 milliond M/H

Zhang YH28 2012 Information platform Nationwide e 29488.79 milliond e e M
Zhang YH28 2014 Information platform Nationwide e 32931.69 milliond e e M
Zhang YH28 2016 Information platform Nationwide e 44456.87 milliond e e M
Zhang YH28 2017 Information platform Nationwide e 45377.30 milliond e e M

e, not mentioned.
a The time of economic burden.
b Estimation method: H ¼ the estimation method of indirect economic burden was human capital approach; M ¼ the estimation method of direct economic burden was

two-step model; C ¼ the estimation method of direct economic burden was curve fitting method (lgy ¼ a þ bx).
c Average.
d Total.

Table 3
Characteristics of individual-based research.

Author Yeara Data source Region Sampling method Sample size Time span (year) Hospital grade Index

Xu Y29 2021 HIS Beijing Cluster 66,647 4 e Per-capita
Yu XH30 2021 Records Jilin Stratified cluster 30,953 1 Tertiary Per-capita
Zhang Y31 2019 Records Liaoning Cluster 2149 1 e Per-capita
Wang Q32 2019 Records Liaoning Cluster 4635 1 Primary Per-capita
Meng NN33 2018 Insurance Anhui Random cluster 9307 0.5 e Every
Yang YG34 2018 HIS Henan Random 187 e Tertiary Per-capita
Xie L35 2018 Insurance Anhui Random cluster 3365 4 e Every
Zhao X36 2017 HIS Beijing Cluster 610,726 1 Tertiary Every
Xie QX37 2017 Records Beijing Cluster 6917 1 Tertiary Every
Wang YL38 2017 Records Liaoning Cluster 4528 1 e Daily/every
Ding JM39 2017 Records Shanxi Cluster 10,301 1 Tertiary Per-capita
Wu M40 2017 Records Xinjiang Cluster 129 1 Tertiary Per-capita
Liu SY41 2017 Records Sichuan Cluster 635 2 Tertiary Daily/Per-capita
Yu JP42 2017 Insurance Sichuan Stratified cluster 1600 3 e Per-capita
Zhang Q43 2016 HIS Beijing Cluster 420,714 6 Secondary/Tertiary Every
Zhang P44 2015 Records Henan Cluster 1661 1 Tertiary Per-capita
Zhou LZ45 2015 HIS Sichuan Cluster 1272 1 Tertiary Per-capita
Li ZK46 2015 HIS Xinjiang Cluster 994 1 Secondary Per-capita
Tao YH47 2015 Insurance Jiangsu Cluster 6035 1 e Per-capita
Li YZ48 2015 HIS Chongqing Cluster e 5 Tertiary Per-capita
Yang SS49 2009 Records Yunnan Cluster 422 5 e Per-capita
Fan ZJ50 2009 Records Beijing Cluster 3620 6 Tertiary Per-capita
Yan JY51 2006 HIS Xinjiang Stratified cluster 1845 2 e Per-capita
Chen NY52 2005 Records Guangxi Stratified random 1393 5 e Per-capita
Wang J53 2003 Records Yunnan Cluster 179 1 Tertiary Per-capita
Yang L54 2000 Records Sichuan Stratified random 221 1 e Per-capita

“e”, not mentioned; daily, average daily hospitalisation expenses; every, average expenses per hospitalisation; HIS, hospital information system; insurance, health insurance
system; Records, medical records system; Per-capita, per-capita hospitalisation expenses.

a The year of publication.
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direct non-medical expenses and the indirect economic burden of
CHD in the future.55 Due to the difficulty of measuring the intan-
gible burden of CHD and there only being a few studies on this
content, the present review did not summarise the intangible
burden.

The present study found an upward trend in direct medical
expenses nationwide, which might be related to the development
of medical care and the economy.56 However, this result is only
based on two national studies;27,28 thus, further research is
required to confirm this trend.

Most of the studies at the individual level have focussed on the
past 8 years. Data from these studies were obtained from medical
institutions, which might lead to some restrictions on the gen-
eralisability and usefulness of recommendations provided to

decision-makers.57 The population assessed in these studies was
dominated by hospitalised patients with CHD; therefore, in-
dividuals who were unable or unwilling to receive treatment were
not included.58,59

The results found that per-capita hospitalisation expense
showed a gradual upward trend from 1997 to 2019. Data on the
average expense per hospitalisation were less available. The results
showed that the average expense per hospitalisation did not
change significantly from 2007 to 2011 but changed significantly
from 2011 to 2015, peaking in 2014. However, because these studies
were fragmentary, more research is needed to confirm this finding.

The average LOS is an important index to evaluate the utilisation
and effect of medical resources.60,61 This study found that the
average LOS showed a gradual downward trend overall, but it

Fig. 3. Time trend of direct medical expenses in individual-level studies.
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increased slightly from 2013 to 2014 and then stabilised. LOS was
longest in 1999, which may be related to the level of medical care
provided at this time. Since 2010, the trend in LOS was consistent
with the trend of per-capita hospitalisation expenses. This result is
similar to several other studies that have shown a positive corre-
lation between hospitalisation expenses and LOS.62,63

It was reported that the per-capita hospitalisation expense of
CHD in France64 was about $1559.36, that in Germany65 was
approximately $1607.72 and that in Canada66 was approximately
$1763.41. A French cohort study67 reported that the mean LOS of
myocardial infarction (the most severe type of CHD) was approxi-
mately 7 days. However, the present study found that the per-
capita hospitalisation expense of CHD in mainland China was
approximately $3544.40, and the mean LOS was approximately
13.2 days. Moreover, a Canadian study66 in 2010 reported the direct
economic burden of CHD as $2.2 billion, whereas the economic
burden of CHD in mainland China in 2003 was $14.8 billion. It can
be seen that the economic burden of CHD in mainland China is very
heavy, especially the direct economic burden.

It was found that the expense of drugs as a proportion of total
costs has fallen significantly in recent years. The main cause of this
might be the elimination of drug markups and the no-price dif-
ference system of drug sales in public hospitals in mainland China
during the healthcare reform.68 However, these policies cannot
fundamentally address the high cost of health care for patients.69

This study also found that while the proportion of drug expenses

had been somewhat controlled, the proportion of medical con-
sumables expenses had increased. It has been argued that some
hospitals have increased the expense of medical consumables to
compensate for the decrease in revenue after the abolition of the
drug markup.

The expenses for treatment might also fluctuate as healthcare
policy-makers have been adjusting healthcare services in recent
years.70 This theory is corroborated by the present review, which
showed a decreasing and fluctuating trend in the proportion of
treatment costs.

This study also found that the proportion of medical examina-
tion expenses to total medical expenses showed an upward trend
from 2003 to 2011, a fluctuating trend from 2012 to 2017, and a
levelling off after a decline in 2018. The reasons for the fluctuation
and downward trend might be related to the continuous adjusting
of healthcare service policies and the improvement of healthcare
standards. In addition, it is strongly recommended that hospitals
control excessive medical examinations to achieve proper and
efficient medical care.71

There were differences in the direct medical expenses between
regions of different economic levels. We found that direct medical
expenses for individuals with CHD were higher in the eastern re-
gion than in the central andwestern regions. Meanwhile, the LOS in
the western regions was significantly longer than in the central and
eastern regions. The difference in direct economic burden of CHD
between the eastern, central and western regions might be related

Fig. 4. Proportion of different types of direct medical expense in individual-level studies.
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to the higher income levels and the level of medical technology
available in the eastern region. A US study showed that people with
high economic levels were at higher risk of suffering from CHD than
those with low economic levels.72

Among the different types of direct medical expenses, the pro-
portion of medical examination expenses, treatment expenses and
medicine expenses were higher in the western region than in the
eastern and central regions, which might increase the economic
burden for people with CHD in the western regions.73 However, the
proportion of medical consumables expenses was highest in the
eastern region, followed by the western and central regions. These

results may be due to the lack of medical resources and the levels of
treatment available in western regions.

Overall, the Chinese government has worked to reduce the
economic burden of CHD in recent years, but with limited effects.
Primary healthcare providers are not well placed to share the
medical pressure of tertiary care, as patients tend to seek care at
tertiary institutions, which also explains the severe economic
burden of CHD in mainland China.71 The following measures are
recommended to reduce the economic burden of CHD. First, it is
necessary to focus on the importance of preventing CHD based on
the individual level, such as smoking cessation programmes, blood

Fig. 5. Direct medical expenses in different regions in individual-level studies.
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pressure control and cholesterol reduction therapies. Savira et al.1

reported that the values for a preventing 10% reduction of new
CHD cases might be A$2.2 increase by $1.59 billion of GDP gained.
Second, attention must be paid to prevention strategies at the
population level, such as promoting a healthy diet, environmental
changes and community-level initiatives (e.g. increasing green
space and recreational space). The European Guidelines on Pre-
vention emphasise that small changes in the risk of disease across
the whole community lead to a more significant reduction in
disease burden than a large change in high-risk groups alone.74 It is
necessary to strengthen the role of the community and primary
healthcare institutions in the prevention of CHD. Finally, health
systems should insist on health financing reform, which will
mobilise additional funding, and strengthen the role of prepaid
contributions, effective pooling and strategic purchasing.

Limitations

Although this study provides an important reference for the
formulation of policies to reduce the economic burden of CHD in
mainland China, caution is warranted regarding the magnitude of
the findings. Pooling economic estimates from these studies of
different quality and in different regions can only indicate the true
extent of the burden. However, the limitations of this study should
be noted. First, some studies had unmentioned risks, such as
quality evaluation, processing of missing data and missing follow-
up results. Second, this review did not include unpublished studies
and studies that did not use valid and objective evaluation
methods, which resulted in some studies potentially being over-
looked. In addition, the studies did not include the influence of
confounding factors on the study findings, such as the level of
hospital, payer, patient and societal factors. Future studies should
attempt to overcome these limitations and comprehensively
analyse the economic burden of CHD in China using high-quality
methods to provide information for national planning and pol-
icy-making.

Conclusions

In conclusion, the economic burden of CHD is more severe in
mainland China than in developed countries, especially in terms of
the direct economic burden. Although the average LOS for people
with CHD has levelled off since 2013, it remains longer than in
developed countries. Without timely measures or adjustments to
the healthcare services policy, it would put enormous economic
pressure on patients, impact the productivity of society and even
affect the GDP of thewhole country. In addition, the eastern region
of mainland China has the highest direct medical expenses and the
shortest average LOS. In terms of the types of direct medical ex-
penses, the proportion of medical examination expenses, treat-
ment expenses and drug expenses is lowest in the eastern region,
but the proportion of medical consumables expenses is highest in
this region. It is possible to adapt medical services for the local
context.

This study provides guidance for the formulation of policies to
reduce the economic burden of CHD in mainland China and also
provides a methodological reference for improved research on the
economic burden of CHD.
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a b s t r a c t

Objective: This study assessed the impacts of the Dekthai Kamsai programme on overweight/obesity,
underweight and stunting among male and female primary school students.
Study design: A quasi-experiment was conducted in 16 intervention and 19 control schools across
Thailand in 2018 and 2019. In total, 896 treated and 1779 control students from grades 1 to 3 were
recruited. In intervention schools, a set of multifaceted intervention components were added into school
routine practices. Anthropometric outcomes were measured at baseline and at the beginning and end of
every school term.
Methods: Propensity score matching with linear and Poisson difference-in-difference analyses were used
to adjust for the non-randomisation and to analyse the intervention's effects over time.
Results: Compared with controls, the increases in mean BMI-for-age Z-score (BAZ) and the incidence rate
of overweight/obesity were lower in the intervention schools at the 3rd, 4th and 8th measurements and
the 3rd measurement, respectively. The decrease in mean height-for-age Z-score (HAZ) was lower at the
4th measurement. The decrease in the incidence rate of wasting was lower at the 5th, 7th and 8th
measurements. The favourable impacts on BAZ and HAZ were found in both sexes, while the favourable
impact on overweight/obesity and unfavourable impact on wasting were found in girls.
Conclusions: This intervention might be effective in reducing BAZ, overweight/obesity, poor height gain,
but not wasting. These findings highlight the benefits of a multifaceted school nutrition intervention and
a need to incorporate tailor-made interventions for wasting to comprehensively address the double
burden of malnutrition.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.

0/).

Introduction

The double burden of malnutrition in children, which is defined
as the coexistence of over- and under-nutrition, is a leading cause of
global disability-adjusted life years (DALYs).1 This threat un-
dermines the global capacity to achieve the United Nations' Sus-
tainable Development Goals (SDGs) not only because nutrition is a
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part of SDG2 (End hunger, achieve food security and improved
nutrition and promote sustainable agriculture) but also nutrition
contributes to ensuring healthy lives and humanwell-being (SDG3)
and development.2,3

Malnutrition is extremely challenging to address due to its
complex aetiology.3 Current progress in addressing it is slow and
unlikely to achieve the global nutrition targets for 2025.4 Children
aged 5e19 years are often neglected, as they are not prioritised in
global targets. In this age group, there has been a rapid increase in
overnutrition (overweight and obesity) as well as the continued
presence of undernutrition (wasting and stunting) in low- and
middle-income countries.4,5 There is evidence that school nutrition
interventions have the potential to decrease overweight and
obesity in school-aged children and adolescents; however, most
studies were carried out in high-income countries and China.6,7

Moreover, the effects of interventions on undernutrition among
school-aged children are rarely reported, and there is limited in-
formation on whether boys and girls respond differently to school-
based interventions. Therefore, more evidence, especially from
diverse low- and middle-income countries, is needed to guide the
effective implementation of school-based nutrition interventions
to address the double burden of malnutrition.

The double burden of malnutrition among school-aged children
is increasing in Thailand because of a rise in child obesity (5.8%e
18.1% between 1995 and 2014) alongside with a persistence of
undernutrition (14.4% wasting, 2.9% stunting in 2014).8 Although a
free school lunch scheme has been implemented in public primary
schools in Thailand since 1999,9 the double burden of malnutrition
among Thai school-aged children still continues to rise. This in-
dicates that providing free school lunch alone is insufficient.

Therefore, a school nutrition intervention called the ‘Dekthai
Kamsai Programme’ was implemented in primary schools to
address malnutrition in school-aged children. It is a multipurpose,
multicomponent and multiactor school nutrition intervention
based on lessons learned from previous school nutrition pro-
grammes in Thailand.10 A recent study, published in February 2023,
indicated that this programme might reduce overweight and
obesity among school-aged children.11 However, since the study
was cross-sectional with no baseline data and it did not assess the
impact of the programme on undernutrition, further research
should be conducted to examine whether the programme really
had impacts on the double burden of malnutrition among the
children and in both sexes. From 2018 to 2019, a 2-year quasi-
experiment assessing the impacts of Dekthai Kamsai Programme
was conducted. Our study analysed the data obtained from this
quasi-experiment to assess the impacts of the Dekthai Kamsai
programme on overweight/obesity, wasting and stunting among
different sexes of primary school students.

Methods

Study design and participants

This study analysed data from a 2-year quasi-experiment con-
ducted in 2018 and 2019. A convenience sample of 50 public pri-
mary schools were invited to participate in the study. Thirty-five
schools accepted the invitation, consisting of 16 intervention
schools and 19 control schools from 12 provinces. The intervention
schools were schools located in major provinces across different
regions in Thailand and willing to implement the programme.
Control schools were schools located in the same provinces as the
intervention schools and willing to participate as controls in this
study. All students from grades 1 to 3 in these schools were eligible
for inclusion. In total, 2675 students, consisting of 896 students
from intervention schools and 1779 students from control schools,

were recruited into this study. This sample size had 97% power to
detect a difference in the rates of overweight and obesity of 20% in
intervention and 30% in control groups, respectively, using a two-
tailed significance level of 0.05 and adjusted for clustering.12

These overweight and obesity rates were estimated based on the
prevalence of overweight among Thai school-aged children in
20148 and a pooled effect of school-based obesity tackling pro-
grammes implemented globally in 2014.13 Written informed con-
sent was obtained from both students and their parents/caretakers
with assistance from school staff. Ethical approvals were granted by
the Institute for the Development of Human Research Protections
(IHRP 021-2563) and London School of Hygiene and Tropical
Medicine (LSHTM Ref. No.26555). The process of recruitment is
shown in Fig. 1.

Intervention design

The Dekthai Kamsai programme was developed by a multidis-
ciplinary working group using lessons learned and tools available
from previous school initiatives.10 The programme was intended to
build the capacity of primary schools to improve nutrition and child
development among children in their schools, while avoiding un-
acceptable school staff workloads to gain acceptance and ensure
sustainability. The programme's components were designed with
an aim to integrate nutrition promotion into regular practices of
primary schools rather than introducing additional duties. This
programme was implemented on an annual basis according to the
programme's and schools' annual budgets and action plans.

The programme strengthened the schools' capacity to imple-
ment eight synergistic components, as detailed in Table S1. Broadly,
they were related to 1) healthy food provision; 2) school farm and
garden; 3) health and nutritional status monitoring; 4) school co-
operatives and vocational training; 5) personal health and hygiene
promotion; 6) school sanitation; 7) basic health service; and 8)
agriculture, nutrition and health education. The intervention
schools were required to be competent in implementing the
‘healthy food provision’ and ‘health and nutritional status moni-
toring’ components. Other components were complementary
components. The implementation strategies of these components
were adaptable to suit the schools' contexts, for example, schools
are allowed to provide local foodmenuswith equivalent nutritional
values to standard school meals and choose traditional dances or
active plays over common sports to promote students' physical
activity. Each intervention school formed a working group to
integrate these components into the school's routine practices and
communicate with class teachers who engaged the students in the
programme implementation. Training courses, materials and onsite

Fig. 1. Participant recruitment and retention.
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visits were provided to support the teachers, students and parents.
The comparison between the Dekthai Kamsai implementation and
control schools' routine practices is described in Table S1.

The programme also created a platform for schools to obtain
support from authorities at the local level by having five organi-
sations, including the Ministry of Education, Ministry of Public
Health, Ministry of Interior, Ministry of Agriculture and Co-
operatives, and the National Electronics and Computer Technology
Centre, sign a memorandum of understanding to provide support
for the schools to implement these components. The programme
encouraged schools towork together with communities to ensure a
sufficient supply of safe and fresh food ingredients. Dekthai Kamsai
annual conferences were organised for the intervention schools to
share their knowledge and experiences. Intervention schools with
excellent practices were promoted as role models, and their ex-
periences were shared on social media and television programmes
for facilitating mutual learning. Control schools continued to
operate their routine practices.

Outcome measurement and data collection

Anthropometric measurements were conducted by class
teachers who were trained by local health personnel. This training
is routinely done in all Thai primary schools and did not differ
between the intervention and control schools. Students' weights
and heights were measured using the schools' calibrated digital
scales to the nearest 0.1 kg and portable stadiometers to the nearest
0.1 cm. Consistent measuring instruments and methods were used
to measure the children within each school throughout the study
period. Data collection was conducted at the beginning and end of
each school term, with a total of eight data collection points in the
years 2018 and 2019. The first and eighth measurements were
conducted at the beginning and end of the programme. The long
school break (i.e. 6 weeks) occurred between the 4th and 5th
measurements.

Reliability of staff's measurements was assessed by researchers
using a method previously described.14 The weights and heights of
364 students from eight randomly selected schools (i.e. 4 inter-
vention and 4 control schools) were measured independently by
school staff using their regular measuring instruments and the
research team using a digital scale (Tanita, HD382, Tokyo, Japan) to
the nearest 0.1 kg and a portable stadiometer (Institute of Nutrition,
Mahidol University, Thailand) to the nearest 0.1 cm. The results
showed excellent agreement between the school staff's and
research team's measurements (the intraclass correlations coeffi-
cient (ICC) were: weight ICC ¼ 0.99, height ICC ¼ 0.99, body mass
index (BMI) ICC ¼ 0.99 and BMI z score ICC ¼ 0.99).

Statistical analysis

Outcome variables included BMI (kg/m2), BMI-for-age Z-scores
(BAZ), height-for-age Z-scores (HAZ), wasting, stunting, and over-
weight and obesity. The Z-scores were calculated using the World
Health Organization growth reference data.15 Children were cat-
egorised as wasted or stunted if their BAZ or HAZ, respectively,
were less than -2SD. They were categorised as overweight and
obese if their BAZ were more than 1SD and 2SD, respectively.

Although the distributions of continuous outcomes (i.e. BMI,
BAZ and HAZ) were non-normal, the large sample size of this study
allows the application of parametric statistical methods without
having to transform the data.16 The independent t-test was used to
compare the mean BMI, BAZ and HAZ of the intervention and
control groups at baseline. For binary variables (wasted, overweight
or obesity and stunted), the chi-squared test was used to compare
the intervention and control groups at baseline. We used nearest

neighbour propensity score matching with the code ‘psmatch2’ to
adjust for the non-randomised design of this study in STATA
version 17.17,18 Logistic regression was performed to estimate pro-
pensity score for each observation using the following baseline
characteristics: urbanicity, sex, age, parental occupation and person
who usually cooked meals for the student. Treated participants were
matched with seven nearest neighbour controls within 0.2 caliper.
To determine the effects of the programme, the difference-in-
difference approach with linear and Poisson regression models
for panel data was used for continuous outcomes (BMI, BAZ and
HAZ) and binary outcomes (overweight/obesity, wasting and
stunting), respectively. All models were adjusted for the clustering
effects of school because the sampling process and treatment
assignment were done at the school level and also students in the
same school were exposed to the same context.19,20 Significance
tests were set at a ¼ 0.05.

Results

Table 1 describes the sociodemographic and anthropometric
characteristics of the control and intervention groups at baseline.
There were no statistically significant differences between inter-
vention and control groups in terms of gender, average age,
parental occupation, the person who usually cooked meals for the
student, mean BMI, mean BAZ and percentage of stunted children.
However, there were significant intergroup differences in the per-
centage of students living in urban areas, the participants mean
HAZ and the percentages of overweight/obese and wasted partic-
ipants. Of 1779 controls, 1609 controls were good matches for 896
treated participants and were included in the analyses. The
balancing property was satisfied with Rubins' B less than 25% and R
between 0.5 and 2 (Table S2).

Mean BMI and BAZ increased over time in both groups
(Table S3). The effect of the intervention on the students' BAZ was
shown in Table 2. The increase in mean BAZ in the intervention

Table 1
Sociodemographic and anthropometric characteristics of children in intervention
and control schools at baseline.

Variable Intervention group
(N ¼ 896)

Control group
(N ¼ 1779)

P-value

Male (%) 50.7 54.1 0.090
Age (years) (mean (SDd)) 7.7 (1.08) 7.8 (1.05) 0.070
Live in urban area (%) 50.5 73.8 <0.0001e

Parental occupation (%)
Daily wage worker 42.3 41.2 0.432
Farmer 10.7 11.7
Business owner 11.0 11.6
Private sector employee 15.5 15.5
Civil servant 4.5 4.1
Unemployed 3.5 5.1
Other, e.g. monk, died or
lost contact

12.5 10.8

Person who usually cooked meals for the student (%)
Mother 51.5 53.0 0.321
Other family member 14.6 14.4
Oneself 27.5 24.8
Other, e.g. food vendors 6.4 7.8

BMIa kg/m2 (mean (SDd)) 16.64 (3.76) 16.85 (4.28) 0.222
BAZb (mean (SDd)) 0.15 (1.65) 0.09 (2.17) 0.473
HAZc (mean (SDd)) �0.33 (1.16) 0.05 (1.32) <0.0001e

Overweight and obese (%) 26.1 32.6 0.001e

Wasted (%) 5.8 12.5 <0.0001e

Stunted (%) 5.6 4.8 0.407

a BMI e body mass index.
b BAZ e body mass index-for-age Z-score.
c HAZ e height-for-age Z-score.
d SD e Standard deviation.
e Significant difference at P < 0.05.
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group was significantly lower than that of the control group at the
3rd, 4th, 6th, 7th and 8th measurements. This favourable trend was
found in both boys (at the 3rd, 4th, 6th and 8th measurements) and
girls (at the 3rd, 4th, 7th and 8th measurements).

The increase in mean BMI was significantly lower in the inter-
vention compared with the control group at the 3rd (�0.267, 95%
CI �0.476, �0.058, P ¼ 0.014) and 4th measurements (�0.333, 95%
CI �0.602, �0.065, P ¼ 0.017) (Table S4). This favourable trend was
found in both boys and girls.

Mean HAZ in the intervention group did not change much,
whereas mean HAZ in the control group decreased over time
(Table S3). Overall, the decrease in mean HAZ in the intervention
groupwas significantly lower than the control group only at the 4th
measurement (Table 3). This trendwas found in both boys and girls.

The percentage of overweight or obese students increased over
time in intervention and control groups (Fig. S1). The increase in
incidence rate of being overweight or obese in the intervention
group was significantly lower than in the control group at the 3rd
measurement (Table 4). This trend was found in girls, but not in
boys.

The percentage of wasted students decreased in both groups in
2018 and continued to decrease in only the control group in 2019
(Fig. S2). Compared with the control group, the decrease in inci-
dence rate of being wasted in the intervention group was signifi-
cantly lower at the 5th, 7th and 8th measurements (Table 5). The
decrease in incidence rate of being wasted in treated girls was
significantly lower than untreated girls at the 4th, 5th, 7th and 8th
measurements. There was no significant difference between
treated and untreated boys.

There was no significant difference comparing the changes in
incidence rate of being stunted between the intervention and
control groups and between boys and girls.

Discussion

The results from this study indicate that the Dekthai Kamsai
Programme had favourable impacts on BMI, BAZ, HAZ in both sexes
and overweight/obesity in girls after one school term. However,
these favourable changes were interrupted by the long school break
between the two school years. In terms of wasting, the programme
had no positive impact among boys and may had a negative impact
among girls. This programme might be effective in reducing the
risks of becoming overweight or obese and stunted; however, there
was a room for improvement, especially in addressing wasting.

These results for overnutrition are consistent with a recent
cross-sectional analysis of the Dekthai Kamsai Programme,11 which
indicated that the programme reduced the overweight and obesity
rates among children in the intervention compared with control
schools.

The effect size of the Dekthai Kamsai programme on students'
BAZ was greater than the pooled effect of 12 multicomponent
school nutrition programmes implemented in Asia during the past
decade (�0.190, �0.220, �0.246, �0.239 and �0.307 vs. �0.07).7

Among these previous 12 school nutrition programmes, six in-
terventions significantly reduced students' BAZ with effect sizes
ranging from �0.03 to �0.14.21e26 Similar to the Dekthai Kamsai
programme, the previous interventions were multicomponent in-
terventions; however, they differed in terms of the number of

Table 2
Effects of the intervention on body mass index Z-scores (BAZ) comparing children in
intervention and control schools.

Variable Coefficient 95% CI P-value

Effect on both sexes (N ¼ 2505)

Reference: 1st measurement
2018 (Baseline)
2nd measurement �0.110 �0.238, 0.019 0.092
3rd measurement �0.190 �0.326, �0.054 0.007*
4th measurement �0.219 �0.375, �0.065 0.007*

2019
5th measurement �0.171 �0.354, 0.012 0.067
6th measurement �0.246 �0.463, �0.029 0.028*
7th measurement �0.239 �0.450, �0.027 0.028*
8th measurement (Endline) �0.307 �0.524, �0.090 0.007*

Effect on boys (n ¼ 1334)

Reference: 1st measurement
2018 (Baseline)
2nd measurement �0.118 �0.247, 0.011 0.072
3rd measurement �0.209 �0.360, �0.059 0.008*
4th measurement �0.223 �0.392, �0.054 0.011*

2019
5th measurement �0.180 �0.383, 0.023 0.081
6th measurement �0.272 �0.503, �0.040 0.023*
7th measurement �0.228 �0.461, 0.006 0.056
8th measurement (Endline) �0.291 �0.521, �0.060 0.015*

Effect on girls (n ¼ 1171)

Reference: 1st measurement
2018 (Baseline)
2nd measurement �0.101 �0.246, 0.044 0.165
3rd measurement �0.171 �0.315, �0.028 0.020*
4th measurement �0.217 �0.372, �0.061 0.008*

2019
5th measurement �0.162 �0.349, 0.025 0.087
6th measurement �0.219 �0.440, 0.002 0.052
7th measurement �0.250 �0.460, �0.040 0.021*
8th measurement (Endline) �0.325 �0.547, �0.102 0.005*

Used linear regression difference-in-difference, * Significant increase at P < 0.05.

Table 3
Effects of the intervention on height-for-age Z-scores (HAZ) comparing children in
intervention and control schools.

Variable Coefficient 95% CI P-value

Effect on both sexes (N ¼ 2505)

Reference: 1st measurement
2018 (Baseline)
2nd measurement 0.011 �0.066, 0.087 0.778
3rd measurement 0.071 �0.004, 0.147 0.064
4th measurement 0.141 0.010, 0.271 0.036*

2019
5th measurement 0.082 �0.063, 0.226 0.258
6th measurement 0.113 �0.065, 0.292 0.206
7th measurement 0.175 �0.016, 0.366 0.072
8th measurement (Endline) 0.207 �0.033, 0.446 0.089

Effect on boys (n ¼ 1334)

Reference: 1st measurement
2018 (Baseline)
2nd measurement 0.009 �0.650, 0.084 0.802
3rd measurement 0.070 �0.0070.146 0.073
4th measurement 0.135 0.009, 0.261 0.037*

2019
5th measurement 0.063 �0.076, 0.202 0.361
6th measurement 0.094 �0.067, 0.254 0.243
7th measurement 0.155 �0.013, 0.323 0.070
8th measurement (Endline) 0.167 �0.041, 0.375 0.112

Effect on girls (n ¼ 1171)

Reference: 1st measurement
2018 (Baseline)
2nd measurement 0.012 �0.070, 0.094 0.767
3rd measurement 0.073 �0.008, 0.154 0.076
4th measurement 0.146 0.006, 0.286 0.042*

2019
5th measurement 0.100 �0.059, 0.258 0.210
6th measurement 0.133 �0.073, 0.338 0.197
7th measurement 0.194 �0.029, 0.417 0.086
8th measurement (Endline) 0.194 �0.029, 0.417 0.086

Used linear regression difference-in-difference, * Significant increase at P < 0.05.

S. Pongutta, E. Ferguson, C. Davey et al. Public Health 224 (2023) 51e57

54



components and intervention intensity. In general, the previous
interventions focused on either physical activity and nutrition ed-
ucation or healthy food provision and nutrition education, whereas
the more comprehensive Dekthai Kamsai programme aimed at
improving physical activity, the provision of healthy school lunches,
nutrition education, school sanitation and the school's capacity for
monitoring and addressing malnutrition. Likewise, the level of
physical activity implemented in the Dekthai Kamsai programme
(i.e. 30-min per day of moderate to vigorous activity) was more
intense than that implemented in five other programmes.21,23e26

There was only one other programme with a more intense phys-
ical activity component (i.e. 60-min of daily vigorous activity).22

Comprehensiveness and intensity of interventions may partially
explain the different effect sizes of school nutrition interventions in
Asia. Further research is needed to confirm the relationships be-
tween the comprehensiveness and intensity of interventions and
effect sizes of school nutrition interventions in the Asian context.

The Dekthai Kamsai programme consisted of components that
had been identified as key components for school-based obesity
tackling by previous studies. Meta-analyses of school nutrition in-
terventions confirm that physical activity, even as a single
component, reduced children's BMI or BAZ, and that school
gardening increased fruit and vegetable consumption among
school-aged children.6,7,27,28 School gardening and fun physical
activities also increased the time spent in physical activity of
moderate-to-vigorous intensity among school-aged children.29e31

Two meta-analyses found that integrating agriculture, nutrition

and health education into curricula increases the effectiveness of
school-based nutrition interventions.6,31 Real-time outcome
monitoring was a key success factor of a successful adaptive
community-based nutrition intervention32 and a well-functioning
feedback loop plays an important role in improving school-based
nutrition interventions.33 For diet interventions, the results are
inconsistent, which might reflect the wide range of services in
different school-based interventions.7 Not all previous in-
terventions provided school meals that met nutritional standards,7

whereas those following dietary guidelines and school meal stan-
dards were effective.34 The school lunches provided in the Dekthai
Kamsai programme met one-third of the recommended nutrient
reference values of children. Nevertheless, our findings suggested
that one healthy school meal was not sufficient to address wasting
in the intervention schools. Although our study adds to the current
body of evidence that a combination of the Dekthai Kamsai com-
ponents improved children's BMI, BAZ and HAZ and reduced the
incidence rate of overweight and obesity, the contribution of in-
dividual components is unknown.

Interesting patterns were observed in anthropometric changes
between the intervention and control groups. Firstly, the gap be-
tween the groups increased with time of exposure in each school
year and decreased slightly during the 6-week school break be-
tween school years. This trend suggests that direct intervention
exposure is important to maintain the intervention's effects. This
finding is consistent with the finding from a recent cross-sectional
study11 that the impact on overnutrition of the Dekthai Kamsai

Table 4
Effects of the intervention on the incidence rate of overweight comparing children in
intervention and control schools in 2018 and 2019b.

Variable IRRa 95% CI P-value

Effect on both sexes (N ¼ 2505)

Reference: 1st measurement
2018 (Baseline)
2nd measurement 0.953 0.879, 1.034 0.249
3rd measurement 0.903 0.819, 0.995 0.039*
4th measurement 0.903 0.805, 1.013 0.082

2019
5th measurement 0.987 0.807, 1.207 0.900
6th measurement 0.932 0.794, 1.093 0.384
7th measurement 0.963 0.803, 1.154 0.681
8th measurement (Endline) 0.969 0.805, 1.167 0.742

Effect on boys (n ¼ 1334)

Reference: 1st measurement
2018 (Baseline)
2nd measurement 0.955 0.869, 1.049 0.337
3rd measurement 0.932 0.831, 1.046 0.235
4th measurement 0.945 0.833, 1.071 0.377

2019
5th measurement 1.011 0.802, 1.274 0.927
6th measurement 0.937 0.783, 1.122 0.481
7th measurement 0.983 0.775, 1.247 0.890
8th measurement (Endline) 1.005 0.806, 1.254 0.961

Effect on girls (n ¼ 1171)

Reference: 1st measurement
2018 (Baseline)
2nd measurement 0.953 0.839,1.082 0.460
3rd measurement 0.869 0.762,0.991 0.037*
4th measurement 0.858 0.727, 1.012 0.069

2019
5th measurement 0.958 0.764,1.201 0.709
6th measurement 0.925 0.772, 1.109 0.399
7th measurement 0.938 0.762, 1.153 0.542
8th measurement (Endline) 0.922 0.743, 1.145 0.464

a IRR e incidence rate ratio.
b Used random effects Poisson regression difference-in-difference analyse, *

Significant increase at P < 0.05.

Table 5
Effects of the intervention on the incidence rate of wasting comparing children in
intervention and control schools in 2018 and 2019b.

Variable IRRa 95% CI P-value

Effect on both sexes (N ¼ 2505)

Reference: 1st measurement
2018 (Baseline)
2nd measurement 1.087 0.749, 1.577 0.662
3rd measurement 1.178 0.743, 1.867 0.487
4th measurement 1.199 0.783, 1.836 0.403

2019
5th measurement 1.671 1.041, 2.682 0.033*
6th measurement 1.611 0.972, 2.669 0.064
7th measurement 1.771 1.082, 2.899 0.023*
8th measurement (Endline) 2.229 1.116, 4.453 0.023*

Effect on boys (n ¼ 1334)

Reference: 1st measurement
2018 (Baseline)
2nd measurement 1.114 0.709, 1.750 0.640
3rd measurement 1.213 0.681, 2.162 0.513
4th measurement 0.824 0.451, 1.503 0.527

2019
5th measurement 1.230 0.734, 2.061 0.431
6th measurement 1.419 0.834, 2.412 0.197
7th measurement 1.713 0.918, 3.198 0.091
8th measurement (Endline) 1.671 0.769, 3.634 0.195

Effect on girls (n ¼ 1171)

Reference: 1st measurement
2018 (Baseline)
2nd measurement 1.040 0.620, 1.747 0.881
3rd measurement 1.147 0.752, 1.750 0.525
4th measurement 1.748 1.081, 2.826 0.027*

2019
5th measurement 2.334 1.342, 4.058 0.003*
6th measurement 1.857 0.977, 3.530 0.059
7th measurement 1.822 1.033, 3.213 0.038*
8th measurement (Endline) 3.031 1.411, 6.511 0.004*

a IRR e incidence rate ratio.
b Used random effects Poisson regression difference-in-difference analyse, *

Significant increase at P < 0.05.
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programme was not sustainable in dropped-out schools. Secondly,
the differences were statistically significant after the first school
term for BAZ (at the 3rd, 4th, 6th, 7th and 8th measurements) and
HAZ (at the 4th measurement). This finding shows that this com-
plex school nutrition intervention, in a semi-urban and mixed
socio-economic status context, needs more than one school term to
show significant changes. This finding highlights the importance of
providing sufficient time for intervention exposure. At present,
there is no evidence regarding the duration required to improve
anthropometric outcomes in school nutrition programmes,6,7,27

which is crucial for intervention programme planning and evalu-
ation design. Our analyses and the previous analyses of the Dekthai
Kamsai programme11 indicate long-term continuity is important.

Our findings also highlight the importance of monitoring the
anthropometric status of school children multiple times over the
school year. Our study captured the pattern of changes over the
school termsandschoolbreaks,whichencouraged the identification
of the intervention gaps. Such data provides important insights to
inform policy decisions on what works, for whom, and under what
circumstances, which is required to inform policy decisions.35,36

Strengths and limitations

The strength of this study is that it provides evidence related to
the double burden of malnutrition rather than obesity alone. Such
evidence is scarce and yet it is important to obtain because in many
parts of the world, school children suffer from both over- and/or
under-nutrition.4,5 School nutrition interventions and evaluations
in Asia focused primarily on childhood obesity,7 but not onwasting
and stunting, which are also important problems in Asia.3 In
addition, it provides evidence regarding the impacts of school
nutrition interventions implemented in Southeast Asia where
relevant literature is very limited.

This study, however, has some limitations. Firstly, the collabo-
rative nature of the Dekthai Kamsai programme and the ethical and
equity considerations prevented a randomised control trial, which
meant causal probability inferences could not be drawn given
biases inherent to a quasi-experimental design. We partially
adjusted for this limitation by using a propensity score matching
method in conjunction with a difference-in-difference approach.
These complementary statistical methods were initiated to reduce
bias due to the non-randomised design of public policy impact
assessments.20 Secondly, the measurements of body weight and
height were done using the school's measuring instruments by
school staff who were not blinded to outcomes, which raises
questions about the reliability of the data and the introduction of
bias. However, the results of our reliability study and the data
pattern continuity indicate that the quality of the data obtained
from the schools was adequate. Thirdly, the Dekthai Kamsai pro-
gramme was implemented with a realist approach, which meant it
was implemented solely by local multisectoral actors and was
adaptable to local capacities and needs. By this nature, it could lead
to implementation variations among schools in the programme and
reduce intervention fidelity. The evaluation design and nature of
the programme limits our ability to assess the causal relationships
between the individual components in the intervention and out-
comes. However, this approach enhanced stakeholders' buy-in and
context appropriateness.

Conclusion
This study adds to the current body of evidence that a school-

based nutrition intervention with multifaceted components
might be effective in reducing the incidence of overnutrition and
increasing HAZ among Thai primary school-aged children after one
school term. However, it was not effective in reducing wasting,

especially among girls. This study stresses the need to provide a
separate set of services within the programme, for wasted children,
to strengthen its impact on the double burden of malnutrition. It
also shows the feasibility of implementing an effective multiple-
component school-based intervention within the routine prac-
tices of Thai public primary schools with sufficient financial and
technical support to initiate and sustain the intervention.
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a b s t r a c t

Objectives: This study aims to assess the association of household's and children's education on the risk
of type 2 diabetes (T2D) and subsequent death.
Study design: Danish register-based cohort study.
Methods: In total, 1,021,557 adults were included at their 65th birthday between 2000 and 2018. A
multistate survival model was performed to estimate the association of household's and children's ed-
ucation on the transition between the three states: 1) 65th birthday; 2) diagnosis of T2D; and 3) all-cause
death.
Results: The incidence rates per 1000 person-years were 9.1 for T2D, 18.4 for death without T2D, and
45.0 for death with T2D. Compared to long household's education and children's education, long
household's education combined with either short-medium children's education or no children were
associated with a 1.49- (95% confidence interval [CI]: 1.44; 1.54] and 1.69-times (95% CI: 1.61;1.78) higher
hazard of T2D, respectively. Short-medium household's education combined with either long children's
education or no children were associated with 0.64- (95% CI: 0.62; 0.66) and 0.77-times (95% CI: 0.74;
0.79) lower hazard of T2D, respectively. Compared to long household's education and children's edu-
cation, any other combination of household's and children's education was associated with higher
hazards of death both without and with T2D.
Conclusion: Older adults living in households with long education with no children or children with
short-medium education had higher hazards of T2D. Households with short-medium education and no
children or children with long education were associated with lower hazards of T2D. Both household's
and children's education were associated with higher hazard of death without and with T2D.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is

an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Type 2 diabetes (T2D) mellitus is a major and fast-growing
health problem worldwide1 with socioeconomic inequality both
in the risk of developing the disease2,3 and the consequences, such
as diabetes-related complications and shorter survival.4e6 This has
been identified for the socioeconomic position at the individual and

household level.2e6 Lack of social support has also been associated
with both higher risk of T2D and diabetes-related complications.7

In addition, social support has been found to have a beneficial
impact on diabetes self-management.7

Recently, there has been a growing interest in the impact of
adult children's socioeconomic resources on their parents' health
and mortality,8e19 also referred to as social foreground. Based on
Berkman and Glass' theory on how social relations impact health,20

Torssander has presented three possible mechanisms behind social
foreground: 1) social support, 2) social influence, and 3) access to
resources.13 In more detail, the hypothesis is that children with
longer education have the resources and knowledge to support and
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influence their parents' health-related behaviourmore positively or
guide them in the healthcare system resulting in better health and
longer lives than childrenwith shorter education. Thus, older adults
with children with longer education may be supported by their
children to lead a healthier lifestyle reducing their risk of T2D. The
children can also support their parents in relation to adherence to
treatment if they are diagnosed with T2D. Another theory by
Diderichsen on differential vulnerability describes that even when
a risk factor is evenly distributed across social groups, its impact on
health and death differs due to other underlying risk factors.21

Hence, it is possible that older adults with fewer socioeconomic
resources in their household may be especially vulnerable to dis-
ease and death if their adult children also have fewer socioeco-
nomic resources.

To our knowledge, no previous study has assessed either the
impact of children's education on older adults' risk of T2D and
subsequent death or the possible interplay with household's and
children's education. Such knowledge would improve our under-
standing of possible mechanisms behind social inequality in the
incidence and prognostic outcomes of T2D. This study aims to
examine the interplay between household's and adult children's
socioeconomic resources, measured by educational level, on the
risk of T2D, death without and with T2D among older adults. The
findings will elucidate whether health professionals should pri-
oritise more resources towards older adults without children or
children with shorter education when providing early preventive
measures of T2D. Likewise, the findings may also suggest a need for
more focus and guidance in the treatment of older adults with T2D
and those without children or children with shorter education.

Methods

Study population

The source population in this cohort study consisted of all in-
dividuals (N¼ 1,069,477) born between 1935 and 1953who lived in
Denmark on their 65th birthday (Fig. 1) without a prior diagnosis of
T2D or use of antidiabetic medication (n ¼ 123,392). Individuals
with children aged <30 years were excluded to ensure that the
children were old enough to have finished their education and in-
fluence their parents' health. Fig. 1 shows the selection of the final
study population, which consisted of 1,021,557 older adults.

Denmark is a welfare state with universal health care entailing
that healthcare services is free of charge; however, there are out of
pocket payment on psychologists and medication, yet prescription
medication is subsidised partially. Furthermore, there are no tuition
fees for most education programs.

Data source

In Denmark, all individuals are given a personal identification
number (CPR) at birth or at immigration, and parents and their
children can be linked on an individual level through the CPR-
number in the Danish Civil Registration System.22 Using CPR-
linkage, data were retrieved from the Danish National Patient Reg-
istry, the Danish National Prescription Registry, and the Population
Education Register.22 The data are anonymised by StatisticsDenmark.
Thus, ethical approval is not needed for analyses of register-based
data in Denmark.

Highest educational attainment of household and children

We identified the number of children (including biological and
adopted children) one year before the older adults’ 65th birthday
(baseline) through CPR-linkage.22 For children aged �30 years, we
obtained information on their highest attainted education from the
Population Education Register one year prior to their parent's (the
older adult) 65th birthday.22 For the older adults with more than
one child, we used the educational information of the child with
the highest level of attained education based on the ‘dominance’
approach.23 Highest attained household's (the older adult and po-
tential partner) and children's education was categorised as short-
medium education (primary school, secondary school, skilled
training, higher diplomas, and no education registered in Denmark)
and long education (higher education e e.g. bachelor's degree). For
older adults living alone, the household's education expressed the
person's own education. This information was included in a com-
bined variable of household's and children's educational level with
the following categories: 1) long household's education and chil-
dren's education (reference group) (from now: long/long), 2) long
household's education and short-medium children's education
(long/short-medium), 3) long household's education and no chil-
dren (long/no children), 4) short-medium household's education
and long children's education (short-medium/long), 5) short-
medium household's and children's education (short-medium/
short-medium), and 6) short-medium household's education and
no children (short-medium/no children).

Diagnosis of type 2 diabetes

Based on the definitions by Hvidberg et al. (2016), T2D was
measured by inpatient and outpatient diagnosis with the Interna-
tional Classification of Disease (ICD) version 10 code E11-14 and
medication with the Anatomical Therapeutic Chemical Classifica-
tion System (ATC) codes A10A and A10B.24 Information on

Fig. 1. Flowchart.
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diagnosis was obtained from the Danish National Patient Registry,
and information on antidiabetic medication was obtained from the
Danish National Prescription Registry.22

Death

All-cause death was identified based on information about vital
status from the Danish Civil Registration System.22 All-cause death
was used as outcome because it is a well-established and valid
prognostic measure.

Covariates

Sex, cohabitation, place of residence, and birth cohort were
considered potential confounders. Information on the covariates
was retrieved from the Danish Civil Registration System22 one year
before the adult turned 65 years (baseline) unless otherwise was
specified. Cohabitationwas coded as cohabitating with a partner or
living alone. Based on the definition by Statistics Denmark, the place
of residence was categorised as capital municipalities, big city mu-
nicipalities, provincial municipalities, upland municipalities, and
country municipalities.25 This variable was included as there most
likely are geographical differences in diagnosis of T2D, death, and
educational attainment. Birth cohort was included as a continuous
variable in the statistical analyses andwas presented as a categorical
variable (1935e1940,1941e1946 and 1947e1953) in the descriptive
analyses for a better overview. Information on diagnoses with or
medication for other chronic diseases of the older adult was ob-
tained between the age of 60 and 65 years and was included as a
dichotomous variable (no/yes). Other chronic diseases were based
on Hvidberg et al. (2016)24 and included chronic obstructive pul-
monary disease, ischaemic heart disease, heart failure, pulmonary
heart disease, other cardiovascular diseases, dementia, osteopo-
rosis, depression, Parkinson's disease, and cancer (Supplementary
Table S1 shows ICD10 and ATC codes). A variable for family identi-
fication was received from the Danish Civil Registration System to
identify older adults living in the same household.22

Statistical analysis

We defined a multistate survival model with three states for our
data analysis: 65th birthday (state 1 [starting state]) diagnosis of
T2D (state 2 [intermediate event]), and all-cause death (state 3
[absorbing state]). Fig. 2 illustrates the model where the boxes
represent the three states, and the arrows represent the possible
transitions (transitions 1, 2, and 3). All older adults started in state 1
on their 65th birthday (baseline) and could then move to either
state 2 or state 3. In the model, the older adults could not move
backwards, e.g. from state 2 to state 1. For the older adults who
experienced two states simultaneously (1 and 3, or 2 and 3), we
chose to recode the earliest state in the model (1 or 2) as one day
earlier. The transition matrix from the multistate model is pre-
sented with numbers of events and percentages.

Cox proportional hazards model was applied to estimate each
transition hazard (hazard ratio [HR]). The older adults were followed
from their 65th birthday, and censored by emigration, death, or end
of follow-up (2018-12-31), whichever came first. The multistate
model was adjusted for the transition-specific covariates (sex,
cohabitation, place of residence and birth cohort). In all models, we
included a family identifier to account for clustering. The assumption
of proportional hazards was investigated and not violated for tran-
sition 1 or 2. However, it appears that there were no differences in
hazard in the very beginning of follow-up for transition 3, based on
the logelog plot (Figure S1 in supplementary).We also tested for and
found significant interaction between the main exposure (house-
hold's and children's education) and sex and other chronic diseases
at the baseline, respectively. Hence, we performed a supplementary
analysis stratified by sex and other chronic diseases.

Data management and analyses were performed in the statis-
tical software SAS version 9.4 and R statistics version 4.1.1. The
multistate model was performed using the R-package mstate.26

All analyses were tested with a significance level of 5%, and
estimates are presented with 95% confidence intervals (95% CIs).

Results

Descriptive statistics

Table 1 shows the distribution of baseline characteristics for the
study population. Older adults with long/short-medium, long/no
children, or short-medium/no children had a higher proportion of
men than older adults with long/long. Older adults with long/short-
medium and long/no children had a smaller proportion living in
rural municipalities than older adults with long/long. Older adults
with short-medium/short-medium and short-medium/long edu-
cation had a higher proportion of older adults living in rural mu-
nicipalities. Older adults with long/long were the group with the
highest proportion of older adults cohabiting.

During a mean follow-up time of 8.1 years (8,277,332 person-
years in total), 71,580 (7.0%) individuals were diagnosed with
T2D, 144,855 (14.2%) died without T2D, and 17,833 (1.7%) died with
T2D (Supplementary Table S2 for the transition matrix for the
multistate model) with corresponding incidence rates of 9.1 per
1000 person-years for T2D, 18.4 per 1000 person-years for death
without T2D, and 45.0 per 1000 person-years for death with T2D
(Supplementary Table S3 for the specific incidence rates for
household's and children's education).

Associations of household's and children's highest educational
attainment with type 2 diabetes and death

Fig. 3 shows the HRs and 95%CIs for the associations of house-
hold's and children's education for transitions between the study
baseline (65th birthday) and T2D (transition 1), 65th birthday and
death (transition 2), and T2D and death (transition 3).

Long/short-medium (HR: 1.49 [95% CI: 1.44; 1.54]) or long/no
children (HR: 1.69 [95% CI: 1.61;1.78]) were associated with higher

Fig. 2. Graphical presentation of the multistate survival model. Boxes represent the three states, and the arrows represent the possible transitions (transitions 1, 2, and 3).
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Table 1
Baseline characteristics of the study population by household's and children's highest attainted education.

Study population (N ¼ 1,021,557)

Household's and children's highest attainted educationa

Long/long n (%) Long/short
medium n (%)

Long/no children n (%) Short-medium/long n (%) Short-medium/
short-medium n (%)

Short-medium/
no children n (%)

n ¼ 126,745 n ¼ 40,290 n ¼ 17,577 n ¼ 326,081 n ¼ 393,188 n ¼ 117,676

Sex
Men 63,410 (50.0) 21,541 (53.5) 9540 (54.3) 142,328 (43.6) 175,973 (44.8) 67,288 (57.2)
Women 63,335 (50.0) 18,749 (46.5) 8037 (45.7) 183,753 (56.4) 217,215 (55.2) 50,388 (42.8)

Birth cohort
1935e1940 23,927 (18.9) 9642 (23.9) 2968 (16.9) 79,726 (24.4) 124,921 (31.8) 30,617 (26.0)
1941e1946 42,601 (33.6) 14,342 (35.6) 5694 (32.4) 112,977 (34.6) 140,446 (35.7) 37,889 (32.2)
1947e1953 60,217 (47.5) 16,306 (40.5) 8915 (50.7) 133,378 (40.9) 127,821 (32.5) 49,170 (41.8)

Place of residence
Capital municipalities 31,697 (25.0) 10,437 (25.9) 6198 (35.3) 65,183 (20.0) 79,935 (20.3) 34,430 (29.3)
Big-city municipalities 16,081 (12.7) 4409 (10.9) 1981 (11.3) 35,458 (10.9) 40,682 (10.3) 12,715 (10.8)
Provincial municipalities 29,106 (23.0) 9332 (23.2) 3365 (19.1) 78,842 (24.2) 93,447 (23.8) 24,497 (20.8)
Upland municipalities 22,730 (17.9) 7581 (18.8) 2822 (16.1) 58,626 (18.0) 74,045 (18.8) 18,015 (15.3)
Rural municipalities 27,131 (21.4) 8531 (21.2) 3211 (18.3) 87,972 (27.0) 105,079 (26.7) 28,019 (23.8)

Cohabitation status
Cohabiting 125,283 (98.8) 39,466 (98.0) 16,716 (95.1) 235,970 (72.4) 281,105 (71.5) 47,644 (40.5)
Living Alone 1462 (1.2) 824 (2.0) 861 (4.9) 90,111 (27.6) 112,083 (28.5) 70,032 (59.5)

a Long/long (long household's and children's education), long/short-medium (long household's education and short-medium children's education), long/no children (long
household's education and no children), short-medium/long (short-medium household's education and long children's education), short-medium/short-medium (short-
medium household's and children's education), and short-medium/no children (short-medium household's education and no children).

Fig. 3. Transition hazard ratios (HRs) with 95% confidence intervals [CIs] between 65th birthday, diagnosis of type 2 diabetes and death for household's and children's highest-
attained education (Long/long [long household's and children's education], long/short-medium [long household's education and short-medium children's education], long/no
children [long household's education and no children], short-medium/long [short-medium household's education and long children's education], short-medium/short-medium
[short-medium household's and children's education], and short-medium/no children [short-medium household's education and no children]).
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hazards of T2D (transition 1) than were long/long. Short-medium/
long (HR: 0.64 [95% CI: 0.62; 0.66]) or short-medium/no children
(HR: 0.77 [95% CI: 0.74; 0.79]) were associated with lower hazards
of T2D (transition 1) than were long/long.

Compared to long/long, long/short-medium was associated
with a 1.27 times (95% CI: 1.22; 1.32) higher hazard of death
without T2D (transition 2) and a 1.18 times (95% CI: 1.09; 1.28)
higher hazard of death with T2D (transition 3). The corresponding
HRs for long/no childrenwere 1.27 (95% CI: 1.20; 1.34) and 1.21 (95%
CI: 1.08; 1.35). Short-medium/long, short-medium/short-medium,
and short-medium/no children, were also associated with higher
hazards of death without (transition 2) and with T2D (transition 3),
than were long/long.

We identified a significant interaction between education at
household level and children's education with a log-likelihood test
comparing the model with and without the interaction. Compared
to long/long, older adults with short-medium/no children had a
lower hazard of T2D (HR: 0.77) than the expected joint effect,
which is the product of the risk estimates (1.69*0.64 ¼ 1.08). This
expressed an antagonistic interaction on the multiplicative scale.
For death without T2D, the jointed effects of short-medium/short-
medium and short-medium/no children were higher than the ex-
pected joint effect. The jointed effect of short-medium/no children
were also higher than the expected joint effect for death with T2D
(Fig. 3). This expressed synergistic interactions on the multiplica-
tive scale.

Supplementary analyses

We identified an interaction between the combined variable of
household's and children's education and sex and other chronic
diseases. However, the results were overall comparable for women
and men with and without other chronic diseases; thus, these an-
alyses are solely included in supplementary (Supplementary
Table S4).

Discussion

Main findings

This study showed that among adults aged �65 years, those
with long/short-medium or long/no children had higher hazards of
T2D, whereas those with short-medium/long and short-medium/
no children had lower hazards of T2D. Furthermore, we found an
interaction between household's and children's education where
individuals with short-medium/no children had a lower hazard of
T2D than expected. Compared to long/long, all other combination
of household's and children's education were associated with
higher hazards of all-cause death without and with T2D. We found
an interaction between household's and children's education
where older adults with short-medium/short-medium had a higher
hazard of death without T2D than expected, and older adults with
short-medium/no children had a higher hazard of death with and
without T2D than the expected joint effect.

Previous studies on the socioeconomic inequality in type 2 diabetes
and death

We are not aware of previous studies investigating the associ-
ation of children's education or the interplay with household's
education and the risk of T2D. However, in a previous study we
showed that children's socioeconomic resources were associated
with higher risk of stroke in a Danish and Swedish population also
followed from the of age 65 years.27 It is likely that the same
mechanisms may be at play to explain our findings for T2D: adult

children with long education may have the resources and knowl-
edge to influence and guide their parents to healthier habits such as
a healthy diet and exercise,13 which could in turn reduce their
parents' risk of T2D and death. This is supported by an American
study, which found that compared to having children with long
education, having children with short education was associated
with a higher risk of smoking and low level of physical activity.12

We found that older adults with short-medium/long and short-
medium/no children had lower hazards of T2D, yet we had ex-
pected to identify higher hazards of T2D. Our findings could be
influenced by information bias as hospital diagnoses and prescrip-
tion medicine were used to identify T2D. A study from Norway
found that short educationwas associated with a higher prevalence
of undiagnosed diabetes.28 If this is also the case in our study pop-
ulation, we may have underestimated the risk of T2D among older
adults with short-medium household education. Also, the results
could be influenced by selection because we only include older
adults aged 65 years and older, whereas individuals with fewer
socioeconomic resources have been found to develop T2D earlier in
life29 and die at a younger age.30 However, when comparing the
distribution of household education of the excluded older adults
with T2D at the baseline (long education: 21.8%, short-medium
education: 78.2%) with the study population (long education:
18.1%, short-medium education: 81.9%), we found no indication of
selection bias. Yet, we did not include individuals who died prior to
the age of 65 years, which may have contributed to selection bias
because we would expect a larger proportion of individuals with
short-medium education in this group, especially among thosewho
had also developed T2D and died before the age of 65 years. It could
also be that the association between short-medium/long and T2D is
a true relationship, which could indicate that children with long
education who have parents with short-medium education may be
more attentive and supportive of their parents more in relation to
health and thus help in preventing T2D, explaining the identified
lower hazard of T2D.

Our findings regarding death are in line with previous studies
of the positive impact of having children, and household's
and children's socioeconomic resources, both in general pop-
ulations8,9,11e19,31e33 and populations with chronic conditions,
including stroke and breast cancer.17,34e36 Looking at the risk esti-
mates for death, they are slightly lower for the analyses of death
with T2D (transition 3) than for death without T2D (transition 2).
However, the HRs for transition 3 represent greater absolute dif-
ferences as the incidence rates of death with T2D (transition 3) are
higher than for death without T2D (transition 2). Furthermore, we
found a synergistic interaction between short-medium household's
education and no children for death without (transition 2) andwith
T2D (transition 3), and between short-medium household's edu-
cation and short-medium children's education for death without
T2D (transition 2). We identified differential vulnerability of having
children and their education by synergetic interaction with house-
hold's education in the hazard of death.21 These findings showed
that in case of death, the impact of not having children (for death
without and with T2D) or children with short-medium education
(for death without T2D) was greater for older adults with short-
medium education than for older adults with long education.

Strengths and limitations

This study is based on a nationwide cohort and included all
individuals born between 1935 and 1953 who turned 65 years of
age, with a unique linkage between generations using Danish
registers. This limited selection bias and made it possible to
investigate a large cohort with complete information. Information
on T2D was included based on both hospital diagnoses and
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redeemed prescription medicine from the Danish National Patient
Register and the Danish National Prescription register. Diagnosis of
T2D in the Danish National Patient Register has been identified to
have a positive predictive value of 96.0 [86.5e98.9],37 and a
specificity of around 76% has been identified in the Danish Na-
tional Patient Register, the National Diabetes Register, and the
Danish National Prescription register when compared to HbA1c
blood samples.38 We had complete information on death from the
CPR register.22 Information on education was chosen as an indi-
cator of children's socioeconomic resources since education is an
indicator of capacity of knowledge and skills39 and is presumed to
be more stable from the age of 30 years than other socioeconomic
indicators such as income and occupation. Information on the
household's education was retrieved at age 64 years, yet the older
adults may become widows or change partner, which could
change the educational level in their household. We did not ac-
count for this, which, in case of a true association, would most
likely lead to no association. As this study is observational, it is
likely that the associations are influenced by unmeasured con-
founding, such as the importance of genetics and family environ-
mental factors, which could be investigated in sibling or twin
studies, or in personality traits that may be linked to educational
level and health-related behaviour. The findings of the study might
be applicable to countries similar to Denmark with a welfare state
and similar family structures.

Implications for policy, practice, and research

Even though this is an observational study, which may limit
causal conclusions, our findings suggest that not only the educa-
tional level of the household but also having children and their
educational level have an impact on the hazard of death with and
without T2D. Healthcare professionals in primary and secondary
care should therefore pay attention to the level of support that the
older adults receive from their children. The findings suggest that it
may be relevant for healthcare professionals to offer elective in-
terventions to the older adults who lack support from their chil-
dren. Such interventions could focus on educating the patients in
disease management to improve the all-cause mortality.

Furthermore, future studies could aim at detangling the com-
plex findings regarding the hazard of diagnosis of T2D. Specifically,
it would be relevant in future studies to investigate whether there
is a link between having children and their educational level with
underdiagnosis of T2D.

Conclusion

We found that adults with long/short-medium and long/no
children were associated with higher hazard of T2D, whereas older
adults with short-medium/long or short-medium/no children had
lower hazard of T2D. Furthermore, we found that older adults with
short-medium/no children had a lower hazard of T2D than the
expected joint effect. Compared to long/long, any other combi-
nation of household's and children's education were associated
with higher hazards of death both without and with T2D. Older
adults with short-medium/short-medium had a higher hazard of
death without T2D than expected, and older adults with short-
medium/no children had a higher hazard of death both without
and with T2D than the expected joint effect. This could indicate
differential vulnerability, where the negative impact of having
children with short-medium education or no children is more
pronounced among older adults with short-medium household's
education than among older adults with long household's educa-
tion. Our findings could suggest that healthcare professionals

should not only be aware of the level of education in the patients'
household, but also on whether they have children and their
educational level.
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