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Abstract
Background: Despite recommendations for nutritional risk screening of all inpa-
tients, outpatients and care home residents, as well as work to assess clinician's ex-
periences and the validity of tools, little attention has been paid to the experiences 
of patients undergoing nutritional screening. This review aims to synthesise system-
atically the current evidence regarding nutritional risk screening with respect to the 
experiences and views of patients, their families and carers.
Methods: A systematic search was performed in MEDLINE, Embase, PsychINFO, 
CINAHL, Web of Science and British Nursing Database (inception – July 2019); with 
screening terms related to malnutrition, screening tools and experience. Titles, ab-
stracts and full-text papers were independently reviewed by two reviewers and then 
quality-appraised. Qualitative papers and quantitative surveys were included. A nar-
rative review of surveys and a thematic framework synthesis of interviews were used 
to identify themes.
Results: Nine studies, including five qualitative interview papers, were included. 
Qualitative and quantitative study results were combined using a matrix chart to 
allow comparison. Surveyed participants reported processes of nutritional screen-
ing as acceptable. Three key themes emerged from qualitative data: (i) experience 
of nutritional screening; (ii) misunderstanding of malnutrition: of causes, role of 
screening and poor self-perception of risk; and (iii) barriers to and opportunities for 
change.
Conclusions: Although the screening process is acceptable, patients’ misunder-
standing and poor knowledge regarding causes and consequences of malnutrition 
result in reduced risk perception and disbelief or disregard of nutritional screening 
results. Findings should inform policy and clinical practice, as well as highlight the 
known paucity of data regarding the effectiveness of screening on clinical outcomes.
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I N TRODUC TION

Screening for the risk of malnutrition is recommended by 
the National Institute of Health and Care Excellence (NICE) 
in multiple clinical care settings, including the screening of 
all hospital inpatients on admission, in addition to hospital 
outpatients and those in primary care surgeries, both at their 
first clinic appointment and upon clinical concern, as well as 
care home residents upon clinical concern.1

Given such extensive screening recommendations, vali-
dation of screening tools2 and their utility and ease of use by 
clinical staff, including the time taken to complete screen-
ing and opinions on the methods, has been conducted.3 
However, less attention has been paid to the experiences and 
views of patients, their families and carers when review-
ing the acceptability of the screening process. UK National 
Screening Committee guidance recommends that screen-
ing is simple, safe and acceptable to the target population.4 
Although NICE recommends nutritional screening, the lack 
of evidence regarding the benefit of screening, or most ap-
propriate way to conduct screening is also highlighted.1

Arguments in favour of nutritional screening include early 
detection and treatment of nutritional problems associated with 
negative patient outcomes.5 However, the impact and the effec-
tiveness of nutritional interventions to manage malnutrition, 
as a result of heterogeneous and low-quality studies, remain 
unclear.6,7 Therefore, burdens of screening must be considered 
alongside any potential benefits because screening may in-
crease anxiety and distress following a positive diagnosis.8

This review aims to identify and summarise the available 
published evidence regarding nutritional screening with re-
spect to the experiences of patients, their families and carers.

M ATER I A L S A N D M ETHODS

A systematic review of the literature, including data from both 
quantitative and qualitative texts, was conducted in accord-
ance with the Cochrane Handbook for Systematic Review 
of Interventions.9 The study protocol was registered with 
the international prospective register of systematic reviews, 
PROSPERO (Registration No: CDR42019140859) 10 and is re-
ported in accordance with the Preferred Reporting Items for 
Systematic Review and Meta-Analyses (PRISMA) guidelines.11

Literature search

Searches were performed by AB and SG on 3 July 2019 in the 
databases Ovid MEDLINE(R) ALL 1946 to 2 July 2019; Embase 
via OVID 1974 to Week 26 2019; PsychINFO via OVID 1987 to 
Week 4 June 2019; CINAHL Complete via EBSCO 1937 to 2 July 
2019; ISI Web of Science: Science Citation Index Expanded 1970 
to 3 July 2019; and British Nursing Database via ProQuest. The 
search was updated on 5 June 2020. No limits on publication 
date or language were applied. The search combined database-
specific indexed terms and textwords related to the two main 

concepts: Nutritional Assessment of malnutrition, or individ-
ual malnutrition screening tools, AND experience or potential 
harms of screening. The MEDLINE search strategy is outlined 
in the Supporting information (Material S1), which was trans-
lated to alternate databases as required. Forward and backward 
citation searching of all included studies was completed.

Inclusion and exclusion criteria

Eligible studies included participants aged 18 years or older, 
from any clinical setting with any diagnosis. Studies inves-
tigating nutritional screening with respect to the views or 
experiences of patients, their families or informal carers 
were included. Qualitative and quantitative studies that in-
cluded surveyed responses or questions regarding views of 
nutritional screening were included. Studies that reviewed 
self-screening of nutritional status, focusing on ‘ease of use’, 
rather than experiences or opinions of screening, were ex-
cluded. Case reports, editorials, opinion pieces and papers 
reviewing nutritional screening for eating disorders (e.g. 
anorexia nervosa), were excluded.

Study selection

All citations retrieved by electronic searching were down-
loaded to an endnote x8 (https://endno​te.com) library, 
with duplicates removed according to published protocol.12 
Remaining records were uploaded to covidence systematic 
review software.13 Study titles and abstracts were indepen-
dently screened (by AB and SG) against eligibility criteria. 
All potentially relevant studies were retrieved, with full texts 
reviewed by AB and SG. Disagreements were resolved by 
consensus or adjudication by a third reviewer (MJ). A cus-
tom data extraction form10 was used, piloted, reviewed and 
modified before the final data extraction of included studies 
was completed (by AB); a random 25% was independently 
extracted by GM.

Quality assessment

Each study was appraised using the mixed methods ap-
praisal tool.14 All included papers were evaluated by 
AB with a random 25% being independently reviewed by 
GM. Disagreements were resolved by consensus. For qual-
ity assessment of studies, see the Supporting information 
(Material S2).

Analysis

A narrative summary with descriptions and comparisons 
was completed for quantitative studies, providing an initial 
descriptive summary and explanation of characteristics of 
the included studies.15,16 A narrative approach was used to 
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analyse the relationship within and between studies, and 
assess the overall strength of the evidence.15 Qualitative 
results were reported in accordance with the Enhancing 
Transparency in Reporting the Synthesis of Qualitative 
research (ENTREQ) guidance.17 Thematic synthesis was 
used for the qualitative findings using Thomas and Harden 
methodology.18 Combining qualitative findings allowed new 
and generalisable knowledge to be generated. Synthesis was 
performed in three stages: (i) initial data coded regarding 
experiences of nutritional screening (conducted by AB); (ii) 
descriptive themes generated, with codes grouped into cat-
egories (AB and MP); and (iii) analytical themes generated 
both inductively and deductively, with the investigators (AB 
and MP) generating themes independently, then through 
discussion with a third investigator (MJ). Participants quotes 
and the interpretations of responses by the authors of the 
studies were used within the qualitative synthesis. Results 
from qualitative and quantitative syntheses were combined 
and charted into a matrix to allow final comparison between 
studies (see Supporting information, Material S3). In view of 
the focussed nature of the synthesis, a theoretical framework 
was not used to underpin the analysis.

R E SU LTS

Searches returned 1164 unique articles after deduplication, 
with 99 studies included for full-text screening. From this, 

nine studies published between 2004 and 2019 were eligible 
for inclusion, representing 609 participants, including 83 
participants from five qualitative studies (see PRISMA flow 
chart, Figure 1).

Design, sample size and setting

Table 1 provides a summary description of the included 
studies. Three studies used questionnaires,19,20,21 one of 
which21 included free-text comments. A fourth comprised 
researchers’ opinions of patients’ views.22

Five studies were of qualitative interviews.23,24,25,26,27 
Sample sizes ranged from 6122 to 20519 for quantitative stud-
ies and from 1023 to 2327 for qualitative studies. Four studies 
were conducted in outpatient settings,19,20,21,24 three in inpa-
tient settings22,23,27 and two in the community.25,26 Studies 
were conducted in the USA,19,20,23 Canada,25 Australia,21,26 
Germany,24 Norway27 and England.22

Participants

Participants with a range of medical conditions were rep-
resented, including those receiving medical or surgical 
treatments,19,20,22,24,27 including anticancer treatments, 
such as chemotherapy and radiotherapy,21,24,27 and free-
living individuals without significant morbidity.25,26 

F I G U R E  1   PRISMA flow diagram.
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Various recruitment methods were used, including con-
secutive20,21 and sequential19 inclusion of clinic patients, 
and convenience22 sampling of inpatients in quantitative 
studies. Qualitative studies used convenience,23 random25 
opportunistic26 or purposive27 sampling. One study did 
not state recruitment methods.24 No papers were identified 
that captured experiences of patient's families or informal 
carers.

Various malnutrition screening tools were used: 
Malnutrition Universal Screening Tool (MUST)19,20,22; 
Malnutrition Screening Tool (MST)21; Imperial Nutritional 
Screening System I and II Tools (INSYST I & II)22; Mini 
Nutritional Assessment (MNA)22; DETERMINE Your 
Nutritional Health (DETERMINE) checklist23; Patient 
Generated Subjective Global Assessment (PG-SGA)24,27; 
Seniors in the community – Risk Evaluation for Eating and 
Nutrition II tool (SCREEN II)25; and the Mini Nutritional 
Assessment – Short Form (MNA-SF)26 (Table 1).

Questionnaire findings

Three studies19,20,21 collected data regarding participant's 
experiences of screening using questionnaires. The fourth22 
evaluated the acceptability of the tool by asking participants 
their subjective opinions regarding the tool. From these, 
most participants reported that they were agreeable towards 
nutritional screening, with 99%19 and 100%20 of participants 
in two studies reporting they were happy to answer ques-
tions regarding their nutrition. Written comments21 in-
cluded three positive responses of screening as a ‘good idea’ 
and four negative comments, suggesting nutritional screen-
ing was ‘unnecessary’. Requests for explanation of screening 
results were made.19 Finally, the fourth study22 where com-
ments from participants had been noted suggested that most 
were comfortable with the screening process and recognised 
the importance of screening.

Interview findings

Three key themes emerged: (i) experience of nutritional 
screening; (ii) misunderstanding of malnutrition; and (iii) 
barriers to and opportunities for change.

Experience of nutritional screening

Comments regarding screening tool content or process were 
common, with data generating a theme regarding the ac-
ceptability of being screened. Participants found screening 
to be simple,23,26 and possible as part of a routine assess-
ment25 Questions asked were acceptable, and participants 
did not feel they were too sensitive or intrusive.24,26 

‘Well it’s quite simple. When you get to my age, 
you want things simple don’t you?’26

However, some participants were unclear on what had 
been examined, or of the purpose of nutritional screening.24 
Completion of questionnaires also caused some participants 
distress, particularly when discussing unintentional weight 
loss, or negative changes to their physical condition.27 

‘I want to avoid this! [refers to question about 
weight loss]. The hardest thing is when you lose 
weight when you actually don’t want to’27

Misunderstanding of ‘malnutrition’

A key theme was seen regarding participants misunder-
standing of the term malnutrition, with many believing 
that ‘malnutrition’ was not following a ‘healthy diet’, high in 
fruits, vegetables and wholegrains, or that being overweight 
precluded malnutrition.23,24,25 

‘I’m 280 pounds. How can I be malnourished?’23

This requirement to follow a ‘healthy diet’ was reinforced 
by the media (e.g. magazines), and family members, if partic-
ipants had received a new medical diagnosis (e.g. cancer).24,26 
Participants had a poor understanding of malnutrition and 
its contributory factors; with participants reporting that their 
overall nutritional health was ‘fair’ or ‘good’, even if screening 
showed a nutritional issue to address.23 

‘Well I couldn’t understand that. When I eat 
properly – I feel I eat properly – I couldn’t 
understand why  …  then it showed I was 
malnourished’26

As a result of this misunderstanding, some participants 
reacted negatively when informed of their nutritional risk, 
and were disappointed or upset with screening results.25,26 
Some felt accused of having an inadequate diet,25 or having 
a poor knowledge of nutrition when they believed they were 
well-informed.23 

‘I was initially kind of shocked that I 
scored … you know’25

So in what way do you feel I … I’m not doing 
the right things?’25

This caused participants to justify their current dietary in-
take, and describe how they had cut down on ‘bad’ foods and 
were making an effort to consume the ‘right’ foods, including 
changing snacks to fruit, consuming wholegrain foods, or re-
ducing red meat intakes.23,24,25,26 

‘Yeh well I eat loads of vegetables and so I found 
it ah … I am doing things right’25

‘Now I eat fruit instead of chocolate’24

 1365277x, 2021, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jhn.12849 by N

at Prov Indonesia, W
iley O

nline L
ibrary on [30/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



600  |      BULLOCK et al.

Risk perception
Further misunderstandings of malnutrition's causes and 
consequences were seen in participants who had lost weight. 
Participants saw weight loss as a positive, as a result of previ-
ously being overweight,24 and rationalised weight loss as the 
result of healthy dietary changes, rather than their diagno-
sis. Weight loss was also seen as a normal part of ageing,26 
and was not associated with disease.24 

‘Yes, I noted it [weight loss], I’m better off, I was 
a bit too snug’24

However, some participants credited weight loss as a 
cause of physical weakness, and saw weight loss as a negative 
event.24,27 

‘I have lost a lot of weight, seven kilos, it was the 
end of my strength. It [weight loss] was bad and 
depressing’24

As a result of beliefs that being overweight or following a 
‘healthy’ diet precluded malnutrition, participants did not see 
themselves as ‘at risk’. With this, nutritional screening results 
were not prioritised, and advice to manage malnutrition was 
declined or ignored.25,26 Participants also compared their 
own risk to others, feeling their risk was comparatively low; 
this was supported by a perceived lack of symptoms related to 
malnutrition.25 

‘I don’t feel I’m as much at risk as … as the com-
munity at large. And that’s what bothers me are 
the people out there. They’re far more at risk I 
feel’25

Symptoms, such as weight loss, were seen as a normal part 
of ageing, or the disease process (e.g. cancer), and therefore 
were not seen as modifiable24,26 

‘Well they can't do much. It's me getting old, 
tired and worried and well, you know’26

Results of screening
Reactions to results of screening varied. On reviewing re-
sults, rather than focusing on nutritional risk, participants 
noted positive aspects of their current diet.25,26 A focus on 
‘room for improvement’ was seen; with screening results 
seen as affirmation of aspects of their diet they were get-
ting ‘right’ rather than highlighting areas which required 
intervention.23,25 Similarly, participants often dismissed 
results or advice, as weight loss was attributed to other 
perceived unrelated factors, such as cancer therapies, 
or a belief that their current knowledge or actions were 
sufficient.24,26

‘I don't need it. No, we look after ourselves as 
far as cooking and eating is concerned. I think 
common sense has got a lot to do with it’26

Interpretation of nutritional risk was also contextualised in 
light of other health concerns or social situations,23,24,25 par-
ticularly if participants felt they were eating well,23,26 therefore 
dietary changes were not a priority.

‘Well because of the issues I have with my son 
and his children, I didn't really take an awful lot 
of notice of it I'm afraid. I’m sorry, I should have 
but I didn't’26

Barriers to and opportunities for change

Barriers to change, misinformation and rejection
Several barriers to changing dietary intake emerged. Results 
of screening were dismissed as irrelevant, incorrect or un-
required24,25,26 if participants felt they were eating well, or 
were consuming a ‘healthy’ diet, and resulted in participants 
declining information aimed at improving their nutritional 
status.26 

‘Well I couldn’t understand that. When I eat 
properly – I feel I eat properly – I couldn’t 
understand why  …  then it showed I was 
malnourished’26

Poor appetite, caused by ageing or diseases status, was as 
barrier to change.23,24,25 Similarly, social circumstances and 
lifetime habits, such as cooking and food choices, also pre-
sented as barriers, meaning that nutritional information was 
not prioritised above other concerns or habits.25,26

Nutritional recommendations were also rejected because 
of participants feeling information provided was not per-
sonalised, and the methods and results of mass nutritional 
screening were not applicable to themselves as individuals. 

‘The recommendations were good for the aver-
age person, but like I said, I believe that I eat 
and watch my diet quite well’25

Opportunity for change
Conversely, some participants were pleased the topic of nu-
trition was addressed, and felt they may benefit from nutri-
tional recommendations.24,25,26 However, this was often seen 
as ‘room for improvement’,23,25 rather than a requirement to 
change. 

‘I count on the medical profession to let me 
know if they see that there is something wrong. 
If my weight drops or whatever, then I hope 
they will ring bells and say “Hey!”’25

DISCUSSION

We provide the first systematic review and synthesis of nutri-
tional screening with respect to the experiences of patients, 
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their families and carers. The results of this review suggest 
that participants found nutritional screening to be accept-
able. Despite this, issues regarding the relevance, under-
standing and value of nutritional screening must be noted. 
Reaction to the results of screening was mixed, and included 
disbelief, disappointment and offence, as well as being seen 
by some as an opportunity for learning. Poor understanding 
of malnutrition, misattribution of risk and perceived barri-
ers contributed to low prioritisation and indifference to the 
results and nutritional advice given.

Although the survey responses suggest nutritional screen-
ing is perceived as an acceptable process, and completion of 
screening tools themselves was not burdensome, analysis of 
qualitative papers regarding the usefulness and applicability 
of nutritional screening raise questions regarding the effec-
tiveness of nutritional screenings.

The qualitative and survey responses align regarding 
the acceptability of the screening process; however, some 
participants did not understand the purpose of screening, 
or what was being screened for. Similarly, results show-
ing the risk of malnutrition were met with disbelief or in-
difference because malnutrition and the role of screening 
were not well understood, and therefore not prioritised. 
This lack of understanding of malnutrition and its role in 
ageing, disease and overall health, meant that participants 
expressed little concern regarding a diagnosis of malnu-
trition risk; with perceptions of good nutrition focused 
on following a ‘healthy’ diet, rather than one appropriate 
for their current medical condition. Importantly, generic 
nutrition support advice was often rejected because par-
ticipants perceived themselves to either require individu-
alised advice (e.g. as a result of comorbidities, or not seeing 
themselves as one of the majority).

Common barriers to change included incorrect assump-
tions that weight loss and poor appetite were a normal part 
of ageing, or an expected part of disease. A recent systematic 
review28 identifying barriers and facilitators to nutritional 
screening in the community, which included both patient 
and HCP responses, identified similar barriers, including 
reluctance to be screened, lack of recognition of malnu-
trition and its importance, and avoidance of ‘unhealthy’ 
calorie-dense foods. Moreover, our review suggested that 
perceptions regarding the positives of weight loss and avoid-
ance of ‘unhealthy’ foods were reinforced by family and 
media encouragement to follow a ‘healthy’ diet.

Mass nutritional screening is recommended as per NICE1; 
however, its benefit has yet to be demonstrated. A Cochrane 
review examining the effectiveness of nutritional screening 
on patient outcomes and quality of care found that there was 
insufficient evidence in the support of screening, although 
no evidence of ineffectiveness was found.29 Similarly, NICE 
guidance recommending nutritional screening is solely 
based upon expert clinical opinion, and the effectiveness of 
nutrition support to manage malnutrition risk is unclear be-
cause previous studies demonstrated little overall effect on 
mortality, and carried a high risk of bias.1,6,30 Considerations 
of the cost-effectiveness and validity of methods of screening 

are also required when appraising the appropriateness and 
viability of screening methods, and include the condition 
being screen for showing benefit of treatment, and the bene-
fits weighted against possible harms cause by screening (e.g. 
anxiety, overdiagnosis).4,31

Concerns regarding the harm of screening are more often 
considered when discussing screening for diseases such 
as cancer, where the harm of testing procedures, diagnos-
tic false-positives and anxiety caused by screening itself is 
more tangible.8,30 However, the potential harm of nutritional 
screening, as identified by this review, includes the distress 
of being informed of results, particularly if participants felt 
they were following a ‘healthy’ diet, or the screening tool 
highlighting negative physical attributes (e.g. significant 
weight loss). This may cause resistance to change, or reluc-
tance to accept advice to manage nutritional risk. With the 
lack of evidence regarding the role and benefit of screening, 
as well as the results of this review suggesting that screen-
ing results are poorly understood, questions regarding the 
effectiveness of nutritional screening, when the public un-
derstanding of the condition is poor, must be considered.

Implications for clinical practice, 
research and policy

This review identified several areas which require further 
considerations when implementing nutritional screening 
programmes. Foremost, knowledge regarding malnutrition, 
both its causes and consequences, must be addressed to allow 
informed interpretation of screening results. Primarily, mis-
conceptions that weight loss is always a positive health out-
come, and that consumption of calorie-dense foods is always 
‘unhealthy’, must be addressed.

Education for vulnerable groups regarding the role of 
nutritional screening, malnutrition, and its causes and con-
sequences, combined with a tailored approach to providing 
nutritional advice, may help support behaviour change, par-
ticularly in societies where key public health messages are 
aimed at combatting obesity.

With this, further research regarding the most appropri-
ate and effective interventions to identify and manage mal-
nutrition should be conducted to prevent psychological or 
physical distress when there is no prospect of benefit (e.g. 
anxiety or disbelief of results resulting in disengagement) or 
provision of inappropriate treatments (e.g. for patients with 
refractory cachexia).32

How to alter public health messages, aiming to encompass 
requirements for different nutritional needs across the life-
time, as well as between the two public health considerations 
of obesity and malnutrition, also requires consideration.

Strengths and limitations

The use of a mixed methods design is a main strength of this 
review, with both qualitative and quantitative studies being 
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included in the analysis. This allowed the triangulation of 
results and enabled a richer insight into patients’ experiences 
of nutritional screening.

Although this review only included nine studies, the 
depth of information gained from the five included qual-
itative studies (which included 83 participants) regarding 
the specific topic of nutritional screening provides a robust 
assessment of patients’ views of nutritional screening.33 
However, as a result of the limitations identified in the 
original articles, including some limited sample sizes, as 
well as a lack of diversity in research populations, caution 
is required when interpreting results, and further research 
regarding patients’ experiences of nutritional screening is 
required.

Additionally, we did not use a theoretical framework un-
derpinning the qualitative analysis. However because of the 
narrow topic and the small number of studies included, the 
absence of a framework is unlikely to have weakened the 
results.

The studies included in this review were from high in-
come countries, where issues of obesity, its associated comor-
bidities and the requirement for weight loss to manage these 
conditions together comprise a key public health message. 
Therefore, the generalisability of some findings (e.g. weight 
loss seen as positive) may be limited to societies where obe-
sity is considered to be a greater concern than malnutrition.

CONCLUSIONS

Misunderstanding, caused by a lack of knowledge regard-
ing the causes and consequences of malnutrition, resulted 
in reduced risk perception and disbelief or the rejection of 
screening results. Nutritional screening can be a trigger for 
dietary changes, although barriers, including older age, life-
time habits, disease status and social factors, particularly 
family and media encouragement of ‘healthy’ diets, meant 
that nutritional problems were not prioritised, particularly 
when weight loss and poorer dietary intake were seen as a 
normal part of ageing and the disease process. This resulted 
in low prioritisation of screening results and associated rec-
ommendations. The effectiveness and appropriateness of nu-
tritional screening, when results are misunderstood and risk 
is misattributed to disease or ageing, must be considered, 
particularly when the efficacy of nutritional interventions 
to manage malnutrition is unknown. Although the process 
of screening is acceptable, without addressing patient barri-
ers, particularly a fundamental lack of knowledge regarding 
malnutrition, in the context of a paucity of cost-effectiveness 
data, the role of nutritional screening must be questioned.
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Abstract
Background: The Dietary Approaches to Stop Hypertension (DASH) diet is
beneficial in reducing blood pressure; however, this may be a consequence of
concurrent weight reduction. In the present study, we investigated whether body
mass index (BMI) mediates the association between the DASH diet and hy-
pertension and investigate common metabolic pathways.
Methods: We included 2424 females from the cross‐sectional TwinsUK cohort,
with blood pressure, BMI and dietary intake measured within 1.01 (SD = 0.68)
years and serum metabolomics profiling (591 metabolites). We constructed a
mediation model to test the mediation effects of BMI on the total effect of the
DASH diet on hypertension. To identify a metabolite panel associated with
the DASH diet and BMI, we built random forest models for each trait, and selected
the common metabolic contributors using five‐fold cross‐validation error.
Results:We found that BMI fully mediates the association between the DASH diet
and hypertension, explaining 39.1% of the variance in hypertension. We then
identified a panel of six common metabolites predicting both the DASH diet and
BMI with opposing effects. Interestingly, at the univariate level, the metabolites
were also associated with hypertension in the same direction as BMI. The
strongest feature, 1‐nonadecanoyl‐GPC (19:0), was positively associated with the
DASH diet (β [SE] = 0.65 [0.12]) and negatively with BMI (β [SE] = −1.34 [0.12])
and hypertension (odds ratio = 0.71, 95% confidence interval = 0.6–0.84).
Conclusions: We highlight the role of BMI in the mechanisms by which the
DASH diet influences hypertension and also highlight common metabolic path-
ways. Further studies should investigate the underlying molecular mechanisms to
increase our understanding of the beneficial ways of treating hypertension.

K E YWORD S

BMI, DASH, hypertension, mediation, metabolomics

Key points

• Adherence to the DASH diet can reduce blood pressure; however, this may be a
consequence of concurrent weight reduction.
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• In a large sample of 2424 females from TwinsUK, we report that BMI fully
mediates the association between the DASH diet and hypertension, explaining
39.1% of the variance in hypertension.

• We also identify a panel of six common metabolites predicting both the DASH
diet and BMI with opposing effects, highlighting common metabolic pathways.

• Further studies should investigate the underlying molecular mechanisms to
increase our understanding of the beneficial ways of treating hypertension.

INTRODUCTION

Hypertension is a highly prevalent and modifiable risk factor
for cardiovascular morbidity and mortality worldwide.1 The
risk factors for hypertension are multifactorial and include
both genetic predisposition and environmental or lifestyle
factors, including diet, alcohol use and sedentary behaviour.1,2

Previous studies not only identified individual nutrients,
such as sodium and potassium, but also alcohol, saturated
fat, riboflavin, tryptophan, biotin and carbohydrate intakes
to be associated with differences in blood pressure (BP).3–8

However, foods are consumed, not individual nutrients and
the combinations of foods, each with their own matrices of
nutrient compositions,9 may also have an effect on human
health, including cardiovascular disease outcomes,8 through
nutrient–nutrient interactions.8,10

The Dietary Approaches to Stop Hypertension
(DASH) diet was designed to combine the effects of
numerous foods and nutrients, previously shown to be
beneficial for BP reduction.11,12 The DASH diet is rich in
fruits, vegetables, whole grains, fish, nuts and low‐fat
dairy products, at the same time as limiting the intake of
red meats and full‐fat dairy products.11,13 Following a
number of successful clinical trials, several countries,
including the USA and many European nations, have
promoted the DASH diet as an effective nutritional ap-
proach for preventing hypertension.11,14–17

In addition to hypertension, population‐based stu-
dies have reported that adhering to the DASH diet re-
duces BP,5,18 cardiovascular events,19 cancer20 and
obesity.21,22

Obesity is a major risk factor for hypertension, cardiorenal
and cardiometabolic disorders.23,24 A linear dose–response
meta‐analysis reported a 16% increased risk of hypertension
per one unit increase in body mass index (BMI) and a 49%
increased risk per five unit increase.23 Moreover, in a recent
systematic review of 17 randomised controlled trials (RCTs),
Saneei et al.5 reported the DASH diet to be negatively associated
with BP; however, the results suggested that the beneficial BP‐
reducing effects of the DASH diet may have occurred as a result
of its weight‐reducing impact.5

In the present study, we aimed to investigate the med-
iatory effect of BMI in the relationship between the DASH
diet and hypertension and to further explore the metabolic
pathways by which diet may act with respect to reducing
BMI in a large population‐based cohort.

METHODS

A flowchart of the study design is presented in Figure 1.
Study subjects were adults enrolled in the TwinsUK registry,

comprising a national register of adult twins recruited as vo-
lunteers without selecting for any particular disease or traits, as
described in greater detail elsewhere.25 Briefly, TwinsUK is the
largest cohort of community‐dwelling adult twins in the UK,
which was initially developed to investigate the heritability and
genetics of disease prevalence in women. The cohort now
comprises over 14,000 predominantly female twins and is re-
presentative of the British general population. Here, we analysed
data from 2424 females, with BP, antihypertensive drug use,
BMI, age, and dietary intake measured within a 3‐year period
(mean [SD] = 1.01 [0.68]) (Figure 1).

FIGURE 1 Flowchart of the study design. BMI, body mass index;
DASH, Dietary Approaches to Stop Hypertension
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Phenotypes

BP was measured by a trained nurse as previously de-
scribed.6 Briefly, triplicate measurements (interval of 1 min)
were performed with the patient in the sitting position and
the mean of the second and third recorded.

Hypertension was defined based on the subject's BP level or
use of BP‐lowering drugs. The individual was classified as a
hypertensive case if systolic BP (SBP) > 130mmHg OR diastolic
BP (DBP) > 90mmHg,26 OR using BP‐lowering drugs at the
time of BP measurement; otherwise, the subject was classified as
a normotensive control.

Dietary intake was estimated by a 131‐item paper‐based
food frequency questionnaire (FFQ), modified from the
European Prospective Investigation into Diet and Cancer
(EPIC) FFQ, as described previously.27,28 The FFQ has been
validated against urinary biomarkers and plasma ascorbic
acid levels in the EPIC Norfolk cohort.29 FFQs were pro-
cessed using FETA software, an open‐source, cross‐platform
tool designed to process dietary data from the EPIC FFQ, in
accordance with their guidelines (https://www.epic-norfolk.
org.uk/for-researchers/feta-download). The default nutri-
tional database of FETA is based on McCance and Wid-
dowson's The Composition of Foods.30 Individuals were
excluded if they answered fewer than 10 food items or for
those where the ratio between the FFQ derived total energy
intake and the individual's estimated basal metabolic rate
(Harris–Benedict equation) was outside of the mean ratio
(2 SD).31 From the processed FFQs, intakes of specific food
components comprising the DASH score (discussed below)
were localised into quintiles. Alcohol intake (g day–1) was
categorised (0: <5 g day–1; 1: 5–15 g day–1; 2: >15 g day–1).

The DASH index, a score developed by Fung et al.,32

which assesses eight foods and components pertinent to the
DASH diet, positively scoring higher intakes of (i) vege-
tables, (ii) fruit and fruit juice, (iii) nuts, legumes and tofu,
(iv) whole grain cereals, (v) low‐fat dairy and negatively
scoring higher intakes of (i) red and processed meats, (ii)
sugar‐sweetened beverages (iii) sodium, was calculated
(further details on scoring are provided elsewhere28; see also
the Supporting information, Table S1). DASH scores can
range from 8 to 40 and, in the present study, scores ranged
from 11 to 37, with a higher score suggesting a dietary
pattern more aligned with the DASH diet.

Circulating serum levels of 591 metabolites were quantified
using liquid and gas chromatography coupled with untargeted
mass spectrometry by Metabolon, Inc., as previously de-
scribed.33 Metabolite concentrations were then inverse nor-
malised to counteract abnormal distribution and missing values
were imputed using the minimum run‐day measures.33

Ethical approval

Twins provided their informed written consent and the
study was approved by St Thomas’ Hospital Research Ethics
Committee (REC Ref: EC04/015).

Statistical analysis

Statistical analysis was performed using R, version 4.0.2.34

Continuous variables were standardised using the
z‐scoring scale to improve model convergence. We used
binomial generalised mixed models (R package “lme4”35) to
investigate associations between the DASH diet and hy-
pertension after adjusting for age, age2, BMI, energy and
alcohol intakes, and family relatedness, whereas linear
mixed effect models (R package “lme4”35) were employed to
explore the effect of the DASH diet on BMI (Figure 1). We
then constructed a mediation analysis as implemented in
the R package “mediation”36 to test the mediation effects of
BMI (indirect effect) on the total effect of the DASH diet on
hypertension adjusting for age, age2, energy and alcohol
intakes, and family structure. We constructed a mediation
model to quantify both the direct effect of the DASH diet on
hypertension and the indirect (mediated) effects noted
above. The variance accounted for (VAF) score, which re-
presents the ratio of indirect‐to‐total effect and determines
the proportion of the variance explained by the mediation
process, was further used to determine the significance of
mediation effect36 (Figure 1).

Because the effect of the DASH diet on reducing BP is
complemented by sodium intake, in a dose‐dependent
manner,4 we conducted a sensitivity analysis by additionally
adjusting for sodium intake (mg day–1) in the models out-
lined above.

We further explored potential metabolic pathways un-
derlying the DASH diet and obesity by running random
forest (RF) models. For each metabolite, we calculated re-
siduals by running linear regressions adjusting for age and
family. We then split the dataset (80:20), with 80% going
into a training set and the other 20% becoming a test set.
Hyperparameters were tuned using the adaptive resampling
search and the optimum number of features calculated
using five‐fold cross‐validation and selected by node purity.
We then identified a metabolite panel common to both
traits by selecting common features (between BMI and the
DASH diet). To further understand and interpret the effects
of the metabolites in our model, SHAP (SHapley Additive
exPlanation)37 values were used to visualise the inner
workings. Mixed effect models were further employed to
investigate the univariate associations between the identified
metabolites and BMI, the DASH diet and hypertension
when adjusting for age, energy and alcohol intakes, family
(random effect) and multiple testing (false discovery
rate [FDR]).

RESULTS

The demographic characteristics of the study populations
are presented in Table 1. Here, we investigated the re-
lationship between adherence to a DASH diet and hy-
pertension in 2424 females from the TwinsUK cohort, of
whom 1154 were hypertensive cases and 1270 were
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normotensive controls. Overall, our sample was composed
of middle‐aged females with an mean (SD age of 58.2 (10)
years and a mean (SD) BMI of 26.5 (4.8) kg m–2 (Table 1).

We find that closer adherence to the DASH diet is asso-
ciated to a lower prevalence of hypertension (odds ra-
tio [OR] = 0.85, 95% confidence interval [CI] = 0.76–0.97;
p = 1.12 × 10−2) after adjusting for all the confounders
(Figure 2). However, when further adjusting for BMI the as-
sociation between the DASH diet and hypertension was no
longer significant (OR = 0.91, 95% CI = 0.81–1.03; p = 0.15).
We therefore conducted a formal mediation analysis to de-
termine the indirect effect of BMI on the effect between the
DASH diet and hypertension. The analysis found that BMI
fully mediates the negative association between DASH and
hypertension (VAF = 39.13%, p < 2 × 10−16). Because studies
have reported that one of the main effects of DASH on hy-
pertension is attributed to the low amount of sodium content,4

we ran a sensitivity analysis additionally adjusting for sodium
intake (mg day–1). The results remained the same.

Next, we utilised a machine learning approach to
identify common metabolic pathways underlying both the

DASH diet and BMI. For both the DASH diet and BMI, we
ran RF models on the 591 age‐adjusted metabolite residuals.
The RF BMI model identified 37 metabolic features for
BMI, whereas the RF DASH diet model also identified
37 features for DASH. Six of the identified set of features
were overlapping (Figure 3a; see also Supporting informa-
tion, Table S2). The “common” metabolites panel jointly
explained 18.45% of the variance in BMI and 5.38% of the
variance in the DASH diet after adjusting for family. Among
the metabolites identified, the lipid 1‐nonadecanoyl‐GPC
(19:0) and the amino acids hydrocinnamate and proline
were the most important contributors to the phenotypes’
variance (Figure 3a; see also Supporting information,
Figures S1 and S2). The other three common features were
1‐palmitoleoyl‐2‐oleoyl‐glycerol (16:1/18:1), dihydroorotate
and N6‐carbamoylthreonyladenosine (see Supporting in-
formation, Figures S1 and S2 and Table S2). We further
tested the univariate effect of each metabolite on both the
DASH diet and BMI by running linear mixed model for
each metabolite adjusting for age, energy and alcohol in-
takes and family, and the results were in line with the RF
findings.

Indeed, all six metabolites were associated (FDR < 0.1)
with DASH and BMI with opposing effects (Figure 3b). The
association between 1‐palmitoleoyl‐2‐oleoyl‐glycerol and
DASH was borderline significant. Circulating hydrocinnamate
and 1‐nonadecanoyl‐GPC (19:0) levels were positively asso-
ciated with the DASH diet and negatively associated with BMI
(Figure 3b). Proline, dihydroorotate, 1‐palmitoleoyl‐2‐oleoyl‐
glycerol (16:1/18:1) and N6‐carbamoylthreonyladenosine were
negatively associated with the DASH diet and positively as-
sociated with BMI (Figure 3b).

Age, energy and alcohol intakes and family adjusted
residuals of the metabolites were also associated
(FDR < 0.05) with an increased risk of hypertension, with
OR values ranging from 1.55 (95% CI = 1.30–1.86) for

TABLE 1 Descriptive characteristics of the study population (n = 2424)

Hypertension status All Normotensive controls Hypertensive cases

N 2424 1270 1154

Females, N (%) 2424 (100%) 1270 (100%) 1154 (100%)

Age (years), mean (SD) 58.23 (10.04) 54.43 (9.56) 62.41 (8.83)

BMI (kg m–2), mean (SD) 26.52 (4.81) 25.34 (4.25) 27.82 (5.06)

SBP (mmHg), mean (SD) 127.68 (17.07) 115.66 (8.89) 140.9 (13.84)

DBP (mmHg), mean (SD) 77.27 (9.7) 72.68 (7.25) 82.33 (9.54)

DASH score, mean (SD) 24.18 (4.22) 24.21 (4.34) 24.13 (4.08)

Energy intake (kcal),
mean (SD)

1856.66 (513.05) 1848.03 (515.6) 1866.16 (510.27)

Alcohol intake (g day–1),
N (%)

<5 5–15 >15 <5 5–15 >15 <5 5–15 >15

1180 (48.68%) 816 (33.66) 428 (17.66) 586 (46.14) 453 (35.67) 231 (18.19) 594 (51.47) 363 (31.46) 197 (17.07)

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure.

F IGURE 2 Mediation analysis of the association between the Dietary
Approaches to Stop Hypertension (DASH) diet and hypertension (HTN).
Path coefficients are denoted beside each path and indirect effect and
variance accounted for (VAF) score is denoted below the mediator (body
mass index [BMI])
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N6‐carbamoylthreonyladenosine to 1.21 (95% CI = 1.02–1.43)
for proline (Figure 3b). 1‐Nonadecanoyl‐GPC (19:0) and
hydrocinnamate were associated with a lower risk of hy-
pertension, with OR values of 0.71 (95% CI = 0.60–0.84)
and 0.78 (95% CI = 0.66–0.91), respectively. When further
adjusting for BMI and the DASH diet, the results remain
consistent, although the effects were attenuated (see
Supporting information, Table S3).

DISCUSSION

In this large community‐based study, we observed for the first
time, that the effect of the DASH diet on hypertension may be
fully mediated by BMI after adjusting for age, age2, energy and
alcohol intakes, and family. Using RF models, we then identified

a panel of six common molecular markers underlying both the
DASH diet and BMI, resulting in opposing effects upon both
traits (Figure 3b). Furthermore, the four metabolites negatively
associated with the DASH diet and positively associated with
BMI were also positively associated with hypertension, whereas
the two metabolites positively associated with the DASH diet
and negatively associated with BMI were also negatively asso-
ciated with hypertension (Figure 3b). When further adjusting
for BMI and the DASH diet, the results remained consistent,
although the effects were attenuated supporting the mediatory
role of BMI in the DASH diet–hypertension association.

RCTs have reported that the combination of eight food/
nutrient components targeted by the DASH diet is more
effective in reducing BP than a diet high in fruits and ve-
getables or the standard Western diet.4,11,38 Additionally,
restricting sodium intake (150–50 mmol), one of DASH

F IGURE 3 (a) Increase in node purity for the six overlapping metabolites from the DASH diet and BMI random forest models, (b) Univariate correlations
between each metabolite in the common metabolite panel, the DASH diet, BMI and hypertension. Metabolites are grouped by super pathway. Points represent
coefficients for BMI and DASH diet analyses, and odds ratios (OR) for hypertension, whereas error bars represent 95% confidence intervals (CI) after adjusting for age,
energy and alcohol intakes and family relatedness. BMI, body mass index; DASH, Dietary Approaches to Stop Hypertension; HTN, hypertension
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diet's components, resulted in greater BP reductions
(SBP: −3 [95% CI = −1.7 to −4.3], p = 0.001).4 The DASH
diet has also been shown to reduce more body weight
compared to a population's habitual diet (e.g., the Western
diet).21 Although the positive effect of the DASH diet upon
bodyweight has been suggested as a potential mechanism as
a result of its beneficial effects on hypertension,21,39 for the
first time, we show that this not only contributes to the
effect, but also fully mediates it.

When looking for a panel of common metabolites
underlying both the DASH diet and BMI, we found that
the strongest common metabolic features to be 1‐
nonadecanoyl‐GPC (19:0), 3‐phenylpropionate (hydro-
cinnamate) and proline. Interestingly, all of these metabo-
lites have been previously associated with BMI/obesity
related traits.40,41

1‐Nonadecanoyl‐GPC (19:0)
Out of the six common metabolites identified, the lipid

1‐nonadecanoyl‐GPC (19:0) was the most important con-
tributor with respect to both BMI and the DASH diet pre-
diction (Figure 3; see also Supporting information,
Figures S1 and S2). 1‐nonadecanoyl‐GPC (19:0) is a lyso-
lipid derived from nonadecanoic acid and has been pre-
viously reported to have a significant negative effect on
longitudinal BMI.40 Consistent with this, we report a ne-
gative association with BMI and hypertension and a positive
association with the DASH diet.

3‐Phenylpropionate (hydrocinnamate)
The microbial metabolite 3‐phenylpropionate (hydro-

cinnamate) was one of the most influential DASH positive
features (see Supporting information, Figure S2) with a
significant negative association with both BMI and hy-
pertension (Figure 3b). Hydrocinnamate is a phenolic
compound with a recognised antioxidant capacity.42 Deri-
vatives of this compound are known to have agonistic ef-
fects on peroxisome proliferator‐activated receptors with
antidiabetic and lipid‐lowering activity.42 We have pre-
viously reported hydrocinnamate to be negatively associated
with weight change, as well as positively associated with
healthy eating behaviours (e.g., higher consumption of ap-
ples and pears and lower consumption of fried fish and
savoury pies)42 and higher gut microbiome diversity.43 This
is the first report of a negative association between hydro-
cinnamate and hypertension. Interestingly, the beta‐
adrenergic blocker, Esmolol, used for short‐term control of
ventricular and heart rate, contains hydrocinnamate.44

Proline
Previous studies have found circulating proline levels to be

positively associated with obesity.45 Consistent with previous
results, we observed a positive association between proline and
BMI and hypertension and a negative association with the
DASH diet (Figure 3b). Proline is a proteinogenic amino acid
and its unique features contribute to the role it plays in protein

structures and functions.46 In a longitudinal study of over 4000
subjects (median follow‐up of 3.1 years), Teymoori et al.47 re-
ported a 45% increased risk of hypertension relating to dietary
proline intake (highest versus lowest tertile).47

The nucleotides N6‐carbamoylthreonyladenosine and Dihy-
droorate and the lipid 1‐Palmitoleoyl‐2‐oleoyl‐glycerol have also
been previously associated with BMI,40 obesity and metabolic
risk.41 However, their association with diet is novel.

Although the present study benefits from a relatively
large dataset with measures collected within a biologically
meaningful timeframe, it should be interpreted in the
context of the certain limitations. First, our sample was
composed solely of middle‐aged (58 years), mostly over-
weight (26.52 kg m–2) females. Second, our data are cross‐
sectional, preventing any inferences of causative effects
without further clinical feeding studies. Third, dietary intake
was measured using FFQs. Although those FFQs have been
validated, as for any self‐reported retrospective ques-
tionnaire, they also have numerous limitations.9

In conclusion, the present study provides novel insights
into the relationship between the DASH diet, hypertension
and BMI. Moreover, we have highlighted the presence of a
common metabolic pathways between DASH diet score,
BMI and hypertension. Although our observations require
replication and testing, these findings extend our knowledge
of the molecular mechanisms at play and may have im-
plications for global public health providing future dietary
recommendations for the prevention of hypertension.
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Abstract
Background: The present study aimed (i) to assess changes in dietary intake (DI), 
physical activity (PA) and body weight (BW) in breast cancer patients during chem-
otherapy; (ii) to describe how women explained, experienced and dealt with these 
potential changes; and (iii) to eventually develop lifestyle intervention strategies tai-
lored to the women's personal needs during chemotherapy.
Methods: A longitudinal parallel mixed-method design was used with quantita-
tive assessment of changes in dietary intake (24-h recall, Appetite, Hunger, Sensory 
Perception questionnaire), physical activity (Short Questionnaire to Assess Health-
enhancing physical activity, Multidimensional Fatigue Inventory) and BW (dual-
energy X-ray absorptiometry), in addition to qualitative interviews with 25 women 
about these potential changes during chemotherapy.
Results: Most women who perceived eating less healthily with low energy intake (EI) 
and being less active before diagnosis continued to do so during chemotherapy, ac-
cording to quantitative measurements. They struggled to maintain sufficient energy 
intake. Despite a lower than average reported EI, they unexpectedly gained weight 
and explained that fatigue made them even more inactive during chemotherapy. 
Active women usually managed to stay active because exercise was very important to 
them and made them feel good, although they also suffered from the side-effects of 
chemotherapy. They found more ways to deal with taste, smell and appetite problems 
than women with a lower energy intake.
Conclusions: The combination of the quantitative and qualitative data provided more 
insight into the changes in dietary intake, physical activity and BW during chemother-
apy. The women's explanations showed why some women remain active and others need 
support to deal with changes in lifestyle factors such as healthy nutrition and fatigue.
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body weight, breast cancer, dietary intake, mixed methods, perceptions, physical activity
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      |  551CHANGES DURING CHEMOTHERAPY IN WOMEN WITH BREAST CANCER

I N TRODUC TION

For breast cancer patients, the side-effects of chemother-
apy include unfavourable changes in body composition (i.e. 
increase in fat mass and loss of muscle mass) and weight 
changes.1 A meta-analysis shows that body weight (BW) 
during chemotherapy increases with a mean of 2.7 kg (95% 
confidence interval = 2.0–3.3).1 These changes may have a 
profound negative influence on quality of life and self-es-
teem in breast cancer survivors, and may increase the risk of 
several co-morbidities, such as cardiovascular disease, dia-
betes mellitus and breast cancer recurrence.2,3

Changes in lifestyle factors such as dietary intake (DI) 
and physical activity (PA) may inf luence changes in BW 
and body composition during chemotherapy.4–7 DI during 
chemotherapy may be inf luenced by increased appetite 
and intake of energy-dense comfort foods, which were 
found to be more common among women who gained 
weight during treatment.8 A decline in subjective taste 
perception and appetite is associated with weight loss.5,9,10 
Lower intake of foods and drinks may be the result of ex-
periencing a dry mouth, nausea, difficulty chewing, lack 
of energy as a result of fatigue and lower taste and smell 
perception.11 An earlier study reported that DI in patients 
with breast cancer just before start of chemotherapy was 
similar to a comparison group of women without breast 
cancer (2070 kcal day–1). However, during chemotherapy, 
the average EI of patients was 214 kcal day–1 lower than in 
the comparison group.12

When breast cancer patients become more physically ac-
tive during therapy (e.g. because of a training intervention), 
they experience increased wellbeing, restored energy lev-
els and a sense of purpose and control over their disease.13 
However, the side effects of the treatment often compel 
women to reduce their daily activities.14 Their decision to 
reduce PA is often a result of fatigue, the need to conserve 
energy,15 difficulty staying focused because of ‘chemo brain’ 
(cancer-therapy-associated cognitive change),16 fear, possi-
ble injury, lack of time as a result of taking care of children 
and lack of motivation.15

Patients reported unanticipated weight gain during 
chemotherapy as a major concern. They experienced gaps 
in information on weight management and needed better 
information on dietary and lifestyle changes during and 
after chemotherapy, so that life can continue as normally 
as possible during this period.5,17,18 More knowledge about 
how individual women experience and respond to quanti-
tative changes in DI, PA and BW can enrich and clarify ev-
idence from quantitative measurements.19 This knowledge 
can be used to develop lifestyle intervention strategies 
and advice, tailored to the women's personal needs during 
chemotherapy.

The aim of this mixed-methods study was the quantita-
tive assessment of changes in dietary intake, physical activ-
ity and BW in breast cancer patients during chemotherapy, 
in addition to a qualitative description how women explain, 
experience and deal with these potential changes.

M ATER I A L S A N D M ETHODS

Design

This study is part of the COBRA study (Change Of Body 
composition in BReast cancer: All-in assessment).19,20 We 
conducted a mixed-methods study among breast cancer pa-
tients, using semi-structured interviews, questionnaires and 
measurements on DI, PA and BW (Figure 1).

We expected the perspectives of patients in the qualitative 
part to complement the quantitative part, which is based on 
validated questionnaires and other quantitative measure-
ments.21 In addition, the approach was enriched by the use 
of triangulation to enhance the reliability and credibility of 
the findings.22,23 We did not aim to make generalising state-
ments about an entire population, but rather contextual (i.e. 
within this group of 25 women) statements that reflect the 
spectrum of individual experiences related to the objective 
individual measurements.24

Participants were contacted for measurements and in-
depth interviews at three time points (Table 1): at enrollment 
into the study after diagnosis, before the start of chemother-
apy (T1); between the third and fourth cycle of chemother-
apy (T2); and 6 weeks after the last cycle of chemotherapy 
(T3).

The Medical Ethics Committee of Wageningen University 
approved the COBRA study (ABR NL40666.081.12). All pro-
cedures performed in studies involving human participants 
were conducted in accordance with the ethical standards of 
the institutional and/or national research committee and 
with the 1964 Declaration of Helsinki and its later amend-
ments or comparable ethical standards. Informed consent 
was obtained from all individual participants included in 
the study.

Study sample

We selected 25 participants from the total COBRA-study 
cohort (n = 181). All women underwent surgery and chemo-
therapy for breast cancer, in variable order. Via purposive 
sampling,25,26 we selected a heterogeneous group of respond-
ents representing the following characteristics: age (young 
versus older), type of chemotherapy (adjuvant and neo-adju-
vant), body mass index (BMI) (>25 and <25 kg m–2), meno-
pausal status (pre and post), and patients treated in different 
hospitals.

Data collection

Quantitative data collection

From the Appetite, Hunger, Sensory Perception (AHSP) ques-
tionnaire,27 a 29-question self-assessment tool answered on 
a five-point Likert scale (Table 1), we used three categories: 
taste (eight items, score range 8–40), smell (six items, range 
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6–30) and appetite (six items, range 6–30). Higher scores in-
dicate a more positive self-judgement on taste, smell and ap-
petite. Trained dietitians conducted two 24-h dietary recalls 
by telephone on randomly chosen days at T2, using a stand-
ardised protocol. The intake of total energy (kcal) was cal-
culated in the computation module of Compl-eat™ using the 
Dutch Food Composition Table 2013.28 BW was assessed with 

a dual-energy X-ray absorptiometry (DXA) scan at T1 and T3. 
The Short Questionnaire to Assess Health-enhancing physical 
activity (SQUASH) was used to assess PA.29 Reported activi-
ties were subdivided into three intensity categories (min day–1): 
light [1.6–2.9 metabolic equivalent of tasks (MET)], moder-
ate (3–5.9 METs), vigorous (≥6 METs). One MET is the en-
ergy expenditure at rest. We then calculated adherence to the 

F I G U R E  1   Conceptual behavioural model of women with breast cancer treated with chemotherapy and possible changes in dietary intake, physical 
activity and body weight. AHSP, Appetite Hunger Feelings and Sensory Perception questionnaire; SQUASH, Short Questionnaire to Assess Health-
enhancing physical activity; MFI, Multidimensional Fatigue Inventory; DXA, dual-energy X-ray absorptiometry

side-effects chemotherapy

taste & smell                                                       fa�gue
appe�te                                                             energy loss

food liking                (MFI)
(AHSP)

interviews

changes in behaviour regarding

dietary intake                      physical ac�vity

(24 h recall)                        (SQUASH)

body weight change:
before diagnosis -

a�er treatment (DXA)                                     

dietary intake 
before diagnosis

physical ac�vity before 
diagnosis

n = 25
T1 after diagnosis, 
pre chemotherapy

T2 mid-way 
chemotherapy

T3 6 weeks post 
chemotherapy

Quantitative measurements

Taste, smell and appetitea  x Xf  x

Energy intakeb  xg 

Physical activityc  x x

Fatigue d  x x

Body weighte  x x

Qualitative measurements

Self-reported body weight x

Perceptions of women on 
potential changes in 
dietary intake, physical 
activity and body 
weighth 

x x x

aAHSP: Appetite Hunger Feelings and Sensory Perception questionnaire. 
b24-h dietary recall. 
cSQUASH: Dutch Short Questionnaire to Assess Health-enhancing physical activity. 
dMFI: Multidimensional Fatigue Inventory. 
eDXA: dual-energy X-ray absorptiometry. 
fAssessed on same days as 24-h dietary recalls. 
gBased on two 24-h dietary recalls on randomly chosen days during chemotherapy. 
hInterviews. 

T A B L E  1   Overview of timing and type 
of quantitative and qualitative measurements 
among 25 women with breast cancer
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2017 Dutch Physical Activity guideline,30 which recommends 
a minimum of 150 min of moderate to vigorous activity per 
week. The Multidimensional Fatigue Inventory (MFI-20) is a 
self-reporting tool consisting of twenty propositions on five 
dimensions of fatigue (general fatigue, physical fatigue, reduc-
tion in activity, reduction in motivation and cognitive fatigue) 
and its consequences.31-33

Qualitative data collection

The semi-structured interviews were based on an interview 
guide that included topics such as side-effects of chemother-
apy (focus on smell and taste), experiences and explanations 
of changes in DI, PA and BW, as well as perceptions on deal-
ing with these changes.26 The interviews were conducted at 
the participant's home. Oral permission for audiotaping was 
obtained before each interview.

Data analysis

Quantitative data

We first dichotomised the women based on EI at T2, PA 
and BW at baseline (T1) and T3. All intake parameters were 
complete for 117 participants of the total COBRA population 
(n = 181).

We compared EI during chemotherapy (T2) with the 
mean (SD) EI of 1779 (55.7) kcal day–1 of the total COBRA 
population of n  =  117 persons during chemotherapy (12) 
and created two groups: above (high) or below (low) that av-
eraged energy intake. For PA at T1 and T3, we applied the 
Dutch Physical Activity Guideline30; performance below the 
guideline at T3 compared to T1 was classified as inactive and 
above the guideline at T3 compared to T1 was classified as 
active. For changes in BW, we calculated the changes in kg 
between T1 and T3 measured by DXA.

In addition, we compared taste, smell and appetite with 
the mean scores of the total COBRA population12: for taste 
[mean (SD) 22.0  (0.57)], smell [mean (SD) 20.6  (0.42)] and 
appetite [mean (SD) 18.7 (0.50)]; above (high) or below (low) 
mean scores. For fatigue at T1 and T3, we calculated the MFI, 
and compared the values with the mean scores of a reference 
group of cancer survivors; above (high) or below (low) the 
mean scores. BMI was classified such that <25 kg m–2 was 
considered low and BMI ≥ 25 kg m–2 was considered high.

Qualitative data

All audiotaped interviews were transcribed verbatim and a 
synopsis was written for each respondent. To identify, ana-
lyse and describe patterns in respondents’ individual experi-
ences, athematic analysis34,35 was carried out during which, 
after close reading and coding of the transcribed interviews, 
we formulated subthemes and eventually overarching themes. 

Interview data were managed with maxqda (VERBI Software, 
Marburg, Germany.36 All subthemes and themes were de-
scribed in a mind map: one for each individual. In this way, 
we identified the essence of each theme, searched for relations 
through constant comparison across cases, looked for deviant 
cases, and analysed variation within and between cases.

Combining quantitative and qualitative data

All mind maps included individual results of the quantita-
tive measurements (AHSP, BW, 24 h dietary recall, SQUASH 
and MFI) to find characteristics that further differentiate 
the themes. Subsequently, we gathered the relevant (sub)
themes and quantitative measurements necessary to answer 
the research question. Finally, all the data were fit into the 
overarching story emerging from the data, aiming to gain 
insight into differences and similarities between the women 
regarding the findings from the quantitative and qualitative 
analyses.

R E SU LTS

Twenty-five women from the COBRA study were included 
in the present study (Table 2).

Quantitative results

Dietary intake

The average reported EI of the 25 women during chemo-
therapy of 1761 kcal (range 1182–3102 kcal) was similar to 
the average reported EI of all women in the total COBRA 
study of 1779 (55.7) kcal.12 Women (n = 11) with an EI above 
average (mean 2165  kcal; range 1783–3102  kcal) were al-
most equally distributed between a lower BMI (n = 6) and 
a higher BMI (n = 5), just like women (n = 14) with an EI 
below average (mean 1442 kcal; range 1182–1738 kcal) were 
equally distributed between a higher BMI (n = 7) and a lower 
BMI (n = 7). Women with an EI above average were approxi-
mately as active (60% versus 54% met PA recommendation) 
and as fatigued (70% versus 77%) as women with an EI below 
average during chemotherapy. Those with a higher EI less 
often gained BW (64% versus 79%). Scores on appetite, taste 
and smell were low for most women, regardless of their EI. 
Women with lower EI during chemotherapy more often had 
a lower taste score (91%) than women with a higher EI (70%) 
(Table 3).

Physical activity

All women were moderately intensely physically active 
for ≥150 min per week at T1. At T3, approximately half of 
the women (13/23) were physically active for more than 
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150  min per week. Active women during chemotherapy 
(women who were active at T1 and stayed active at T3) 
(n  =  13) more often had a lower BMI (69%) before treat-
ment than inactive women (women who were active at T1 
and below guideline PA at T3) (n = 10) (30%). They were 
more likely to have an EI above average (60% vs. 40%). 
The majority gained BW (62%), although inactive women 
were more likely to gain BW (90%). Active women during 
chemotherapy were less fatigued (54% versus 100%) and 
less often showed appetite problems (100% versus 58%) 
and smell problems (100% versus 50%) compared to inac-
tive women (Table 3).

Body weight

Women had a mean baseline (T1) BMI of 24.9  kg  m–2 
(19.3–32.4). Their average BW at T1 was 71.4 kg (range 54.0–
93.1 kg), the average difference in BW between T1 and T3 
was 0.8 kg (range −6.5 to +4.5 kg). The majority of women 
(72%, n  =  18) showed an increase in BW between T1 and 
T3: mean +1.9 kg (range 0.1–4.5); 28% (n = 7) showed a de-
crease in BW: mean −2.1 kg (range –0.2 to −6.5 kg). Women 
who gained weight were less likely to have an EI above aver-
age (39%) than women who lost weight (57%). Women with 
weight gain were less likely to meet the PA recommendation 
during chemotherapy (47% vs. 83%) and more often had 
a low BMI at baseline (61% vs. 29%). Women who gained 
weight and women who lost weight both showed high lev-
els of fatigue (76% vs. 67%), appetite problems (76% vs. 80%) 
and taste problems (82% vs. 80%). Women with weight gain 

reported less smell problems (88% vs. 100%) than women 
with weight loss (Table 3).

Qualitative results

Dietary intake

Most women with an EI above average reported they per-
ceived their diet was healthy before diagnosis and were able 
to maintain their diet despite chemotherapy-related com-
plaints (Table 4). Most women with low EI indicated they did 
not always eat healthily and were less aware of what healthy 
eating was before the diagnosis. These women continued to 
struggle during chemotherapy. Sometimes eating was such 
a problem that they were happy when they could eat at all, 
healthily or not:

… happy when it went down, no matter what 
it was. Preferred sausage rolls to bread, baked 
potatoes and fries were tasty, no more fight 
against candy. 
[woman with low EI, BMI high, PA low, fatigue 

high, BW increased, Taste (T), Smell (S) and 
Appetite (A) low]

Some women struggled because of extremely bad taste, 
especially during the last three courses with Docetaxel, and 
could not eat at all.

Some women with higher intake were matter-of-fact 
about their eating problems:

Characteristics n = 25

Age in years, mean (range) 50.4 (25–67)

Body mass index (kg m–2) at T1 pre-chemotherapy, mean (range) Mean 24.9
(19.3−32.4)

Menopausal status at T1, n (%)a 

Premenopausal 10 (40%)

Perimenopausal 3 (12%)

Postmenopausal 12 (48%)

Treatment chemotherapy, n (%)

Adjuvant 17 (68%)

Neoadjuvant 8 (32%)

Type of chemotherapy, n (%)b 

FEC/docetaxel 9 (36%)

TAC 14 (56%)

ACPTc  2 (8%)

Received radiotherapy, n (%) 18 (72%)

Received hormonal therapy, n (%) 22 (88%)

aPatients with uterine extirpation (n = 3). 
bFEC: F – f luorouracil (5 FU), E – epirubicin, C – cyclophosphamide. Docetaxel: also called Taxotere (Sanofi 
Mature IP, Paris, France). TAC: T – docetaxel (also called Taxotere), A – doxorubicin (also called Adriamycin), 
C – cyclophosphamide. ACPT: A – adriamycin (doxorubicin), C – cyclophosphamide P = paclitaxel, T = docetaxel. 
cThese patients also received immunotherapy (trastuzumab) in combination with chemotherapy. 

T A B L E  2   Baseline characteristics of the 
participants
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The chemo is temporary, I wasn't looking for a 
solution; just keep eating as normally as possi-
ble, even if it's not tasty … 
[woman with high EI, BMI high, PA not avail-
able (NA), fatigue NA, BW decreased, T, S, A: 

NA]

Women with lower intake indicated that they first needed 
to experience what it was like to be treated with chemotherapy. 
They found it difficult when health care professionals (HCPs) 
recommended ‘a normal diet’ during chemotherapy, because 
they assumed that a normal diet was not good enough and they 
longed to do more:

I was searching for supplements, vitamins yes 
or no, no grapefruit, but orange? What is or 
isn't healthy to eat now? 
(woman with low EI, BMI high, PA low, fatigue 

high, BW increased, T, S and A low)

Women with higher EI looked for creative solutions to be 
able to continue their intake, such as adding herbs, ketchup, 
salt for better taste; sucking ice cubes to avoid a metallic 
taste; eating yoghurt instead of bread; eating fruits such 
as grated apple because it went down easier. They mainly 
cooked easy-to-prepare meals, such as oatmeal in the morn-
ing and ready-to-eat meals in the evening. They more often 
ate smaller portions throughout the day. Some women re-
ported that they perceived eating more healthily than before 
diagnosis and added various healthy alternatives and supple-
ments to their diet.

Women with lower EI also tried to change their eating 
habits to accommodate a damaged and dry mouth, no appe-
tite and loss of taste, although their aversion to almost every 
food was hard to overcome. They continued to struggle be-
cause they realised that it was necessary and called it func-
tional eating:

I eat because I know I have to, but it's not going 
well and I certainly don't enjoy it 
(woman with low EI, BMI high, PA low, fatigue 

high, BW increased, T, S and A low)

Physical activity

Some women meeting the PA recommendation during 
chemotherapy who engaged in intensive sports before di-
agnosis tried to maintain this as much as possible during 
chemotherapy, although it was not always easy:

Yesterday  I  walked  20  kilometres,  I  re-
ally like that […] But it took me half an hour lon-
ger  because  I  had diarrhoea every two hours. 
There I was, sitting with my roll of toilet paper 
and body cream, with my head in the bushes … 

(woman with PA high, BMI low, EI normal, 

fatigue high, BW increased, T and S low, and A 
normal)

They explained that keeping fit was very important to them:

I need to keep in shape; I could have worked a 
bit more but then I couldn't go cycling; cycling 
just takes precedence … 

(woman with PA high, BMI low, EI normal, 
fatigue low, BW decreased, T, S and A low)

Other women remained physically active mainly because 
the hospital offered exercise training for cancer patients. This 
was mainly experienced as meaningful contact with fellow pa-
tients aimed at recognition and sharing, not as PA.

Although active women were also tired, they did not want 
to give into it. They tried to keep cycling and walking as much 
as possible, they continued to work, but for fewer hours and 
they adjusted their pace (e.g. in household activities).

Most women who were inactive during chemotherapy in-
dicated that before diagnosis PA was not their first priority 
and they usually did not like it. During chemotherapy, they 
experienced side-effects such as neuropathy and bone pain 
and their fatigue prevented activity:

Well, when I was very tired, I got up in the 
morning … Hoping the day would be over as 
soon as possible … so I could go back to bed … 
I just didn't know how to get through the day … 
(woman with PA low, BMI high, EI low, fatigue 

high, BW increased, T, S and A low)

Some of them experienced even minimal PA as an almost 
insurmountable threshold and felt unable to change this:

At a certain point all your energy simply goes 
into learning to deal with the complaints you 
have 

(woman with PA low, BMI high, PA low, 
fatigue high, EI low, BW increased, T, S and A 

low)

Some hesitated joining activities in a group because of their 
hair loss and the deterioration of their breasts after surgery. 
They related their appearance to their female identity.

Body weight

Most women noticed unexpected weight gain during 
chemotherapy:

I was not allowed to exercise during the last cy-
cles of chemotherapy because of my lungs [radi-
ation effect], so gradually another kilo is added 

(woman with weight gain, BMI high; EI low; 
PA normal, fatigue low, T and S low, A normal)
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To their surprise, some women who were expecting weight 
gain based on information from HCPs, actually lost weight.

Some women attributed their weight gain mainly to eat-
ing tasty (high-energy) foods, or not being able to stop eat-
ing. Others related it to decreased PA, not to changes in their 
diet.

Especially women with a lower BMI at diagnosis intention-
ally gained weight to be able to get through chemotherapy.

Other women, most of them with a higher BMI at diagno-
sis, were happy to lose some weight:

They said with this chemo you don't lose weight 
but you gain weight; I’ve lost three kilos, I'm 
happy … I felt I was 10 kilos too heavy 

(Woman with weight loss, BMI high, low EI, 
PA normal, fatigue high, A, T and S NA)

Most women focused on their diet, and how to deal with it, 
rather than on physical activity:

I did more with yoghurt and stuff and with fruit 
and vegetables, lettuce, I'd be able to control it a 
little more … I started fitness, stopped again … 
that's not my thing 

(woman with weight loss, BMI low, EI low, PA 
low, fatigue high, T and S low and A normal)

DISCUSSION

In this mixed-methods study, we aimed to assess changes 
in dietary intake, physical activity and BW in breast cancer 
patients during chemotherapy. We divided women into two 
groups for each lifestyle factor based on quantitative data: EI 
above and below the average, above and below the PA recom-
mendation, and BW increase and decrease during chemo-
therapy. Through interviews, we determined how women 
experienced, explained and tried to deal with these changes. 
These results are complementary and explanatory to the 
quantitative measurements.

Our study is concordant with the recently published 
study by Da Costa Marinho et al.37 who observed a nega-
tive impact of chemotherapy on meal enjoyment and taste 
changes in breast cancer patients receiving chemotherapy. 
In addition, BW and BMI increased slightly, as described by 
Bernhardson et al.38 Almost all women in the present study 
experienced this negative impact independent of DI, PA or 
changes in BW. It appears that changes in DI, PA and BW 
also partly depend on how women deal with them.

We found that most women suffered taste (17/25), smell 
(20/25) and appetite (17/25) problems, regardless of their in-
take. The majority of interviewed women indicated having 
many problems with the taste and structure of food, and 
struggled to find solutions. All women aimed for sufficient 
DI through functional eating, which is synonymous with 
‘eating for the sake of eating’ and in line with the studies of 
Bernhardson et al.38 and Kwok et al.5 It is not exactly clear 

why women with a higher EI were more successful at find-
ing creative solutions to maintain their EI at sufficient lev-
els than women with a lower intake. Women with a lower 
EI reported needing information about a healthy diet and 
whether or not to take supplements. Moreover, they needed 
information on alternatives for food intake to meet their di-
etary requirements.39

Although the majority of women were physically active 
during chemotherapy (15/25), only a few felt more fit during 
chemotherapy. The review by Abdin et al.40 suggests that PA 
interventions for women with breast cancer have positive re-
sults, such as feeling better. However, women in our study 
who participated in such a programme experienced it mainly 
as an opportunity for peer-to-peer contact and only secondly 
as an opportunity to be physically active. Especially, the in-
active women indicated, in line with Henry et al.,41 that the 
impact of fatigue and neuropathy affected their ability to 
exercise. Women who were generally more active before che-
motherapy greatly valued being active and tried to stay as 
active as possible, for example by adjusting their pace. Their 
baseline BMI was relatively lower and despite more taste 
problems they had a higher EI than inactive women, possibly 
because they were more creative in finding ways to continue 
eating. The level of PA during chemotherapy showed less fa-
tigue (54%) for active women and more fatigue (100%) for 
inactive women. This is in line with the findings of Carayol 
et al.42 who assessed the effect of an exercise-diet interven-
tion during chemotherapy on cancer-related fatigue. Fatigue 
was significantly improved by exercising, and BMI was sig-
nificantly lower, although they found no significant effect on 
nutritional intake and physical activity.43

Some of the women were reluctant to continue their 
training routine because of visible side-effects of chemother-
apy, such as needing a wig because of hair loss. For them, 
this aspect was linked to their female identity. Courneya 
et al.43 and Browall et al.44 reported this aspect as one of the 
treatment-related barriers to PA. The information need for 
PA was less clear, probably because PA was not deemed as 
important as their diet.

Women with weight gain had a lower EI during chemo-
therapy and were more inactive and tired than women who 
lost weight. By contrast to expectations, 61% of women with 
weight gain have an EI below average. Women themselves 
attributed their weight gain to being less active than usual. 
On average, women gained 0.8 kg BW between T1 and T3 
during chemotherapy, similar to the weight change reported 
in the COBRA study.20 Before chemotherapy, a large part of 
the women focused on losing a few kilos, and half of them 
had a BMI ≥25 kg m–2 at the start of the study. In line with 
the studies by Klok et al.5 and de Kruif et al.,45 they experi-
enced little support from HCPs to lose weight during che-
motherapy. They experienced unintentional changes in BW 
as concerning, possibly because it undermined their feelings 
of control, as found in earlier studies.5 Compared to women 
with a baseline BMI ≥25  kg  m–2 (7/12; 58%), women with 
BMI <25 kg m–2 (11/13; 85%) had an above average EI ap-
proximately as often and were more likely to be active, 
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although they more often gained BW. On average, women 
with low BMI had a slightly higher intake (mean 1789 kcal, 
range 1182–3102  kcal) than women with high BMI (mean 
1712 kcal, range 1289–2588 kcal).

Strengths and limitations

The major strength of the present study is the mixed-meth-
ods design. The combined results provide more insight into 
how women themselves explained and dealt with the changes 
in EI, PA and BW. Because this is the first study to undertake 
these types of analyses, the results can be considered a first 
step towards understanding similarities and differences be-
tween women associated with specific changes in BW and 
weight-related lifestyle factors.

We selected the 25 women from the COBRA popula-
tion by purposive sampling,46 based on characteristics 
that are important according to literature rather than on 
the COBRA population itself. As a result, these 25 women 
are expected to adequately ref lect the general population 
of women with breast cancer treated with chemotherapy. 
That may explain why we found a lower score on appetite, 
taste and smell and a slightly lower score on EI than in the 
COBRA study.12

It is a well-known problem that energy intake is difficult 
to assess. The limitation in our research is that we had no 
information about the basic energy needs of women. The en-
ergy needs of people are determined by their basal metabolic 
rate and physical exercise. We could report only on the latter. 
We therefore repeated the analyses on the basis of kcal kg–1 
BW. Three women were classified differently, although this 
did not materially change the results. Also, misclassification 
of EI could affect the findings because people with a higher 
BMI are more prone to under-reporting and people with a 
lower BMI are more prone to over-reporting.47

We divided women into two groups for EI, PA and BW at 
baseline (T1) and T3: above or below the Dutch PA guide-
line and averages for EI, taste, smell and appetite of the 
COBRA population. To our knowledge, no general cut-off 
points have been or can be determined for measurements of 
EI (EI depends on a woman's need), nor for taste, smell, ap-
petite and fatigue for women with breast cancer aiming to 
dichotomise them into lower versus higher. The use of the 
guideline for PA and the mean scores of the entire COBRA 
cohort for EI, taste, smell and appetite and fatigue were nec-
essarily arbitrary and may have influenced our results and 
conclusions.

Another limitation of the present study is our focus on 
physical lifestyle factors. In addition to these physical factors, 
psychological and social-environmental factors, including 
socio-economic status, education and knowledge of nutri-
tion and lifestyle, are also expected to influence lifestyle and 
how women experience and deal with changes in BW and 
weight-related lifestyle. We need further research into these 
factors to develop tailored dietary advice and PA strategies, 

which can be implemented to provide high-quality health 
care to breast cancer patients during chemotherapy.

CONCLUSIONS

The unique combination of quantitative and qualitative data 
has provided good insight into how women themselves ex-
plain and deal with the changes in dietary intake, physical 
activity and BW during chemotherapy. Women with a lower 
reported healthy intake and physical activity before diagno-
sis struggled more with sufficient and healthy dietary intake 
during chemotherapy than other women. They were over-
whelmed by fatigue, barely saw possibilities of being active 
and experienced more unexpected weight gain. They need 
support to find ways to do more with respect to EI, PA and 
BW changes. To support them with respect to being active 
during chemotherapy, women with a low intake needed 
help especially with their eating habits, and inactive women 
needed help to deal with fatigue.
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