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Introduction

Abstract

Background: Food intake varies among long-term care (LTC) residents and,
as a result, some residents are at risk for protein-energy malnutrition and
its consequences, such as sarcopenia. The present study aimed to determine
whether eating occasions, as well as other factors that may vary with eating
occasions (e.g. family/volunteer presence), were associated with energy and
protein intake at meals and snacks.

Methods: The present study comprised a secondary analysis of the cross-sec-
tional Making the Most of Mealtimes study, including 630 residents (median
age 88.00 years, range 62-107 years; 197 males) from 32 Canadian LTC
homes. An analysis of variance compared protein and energy intake at meals
and snacks. Mixed repeated measures linear regression testing for meal and
relevant covariates (e.g. family/volunteer presence) was also conducted.
Results: Energy and protein intake was significantly associated with eating
occasions (F = 44.31, P < 0.001; F = 12.72, P <0.001), with the greatest
energy intake at breakfast, and the greatest protein intake at dinner. Regres-
sion analysis confirmed these findings when considering other factors.
Covariates associated with higher intake included: being male (+79 kcal;
+3.4 g protein), living on a dementia care unit (+39 kcal; +2.1 g protein)
and family/volunteer presence at meals (+58 kcal; +2.5 g protein). Intake
was lowest in the oldest age group (—59 kcal; —3.6 g protein) and for those
sometimes requiring eating assistance (—36 kcal; —2.0 g protein).
Conclusions: Energy and protein intake appears to be associated with eating
occasions. Based on these exploratory findings, LTC homes may consider
providing more protein-dense foods at breakfast. Protein and energy
dense snacks could also be used more extensively to support intake.

malnutrition is an important focus for LTC providers.
Foodservice strategies may promote food intake, such as

A high proportion of long-term care (LTC) residents do
not meet energy and protein recommendations, which
can result in malnutrition ®, estimated to occur in
approximately 30-44% of residents ">, Protein-energy
malnutrition is associated with numerous adverse health
outcomes, including sarcopenia, an increased incidence of
wounds, infections and falls, and a decreased quality of
life ““7~'?), Promoting food intake in residents at risk for
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providing flavours and foods appealing to residents, or
more offerings at a meal '". The timing of meals and
provision of snacks between meals is another care
strategy.

Dietitians of Canada have identified that serving meals
at approximately equal intervals throughout the day, with
breakfast being available until at least 08.30 h, and dinner
(i.e. evening meal) not being served until at least 17.00 h,
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as best practices in LTC ¥, The main meal served in
Canadian LTC is typically either lunch (mid-day meal) or
dinner "'*719 with approximately two-thirds having
dinner as the main meal (. Because main meals are typi-
cally later in the day, meals provided earlier in the day
may be less energy- and protein-dense than the evening
meal '), If food is provided more often, this may also
lead to increased intake *'* and energy- and protein-
dense snacks between meals are recommended 7'*7'®),
Providing more food during the day when a resident is
most interested in eating is another person-centred strat-
egy. Yet, there is little understanding of intake with
respect to various meals and snacks, as well as whether
intake is significantly different across the day when con-
sidering other covariates (e.g. family/volunteer presence at
meals).

Studies on eating occasions and food intake have been
based on a small number of residents or homes and did
not always use rigorous methods "*'>'?)_ A study con-
ducted in four Spanish LTC homes found that the largest
meals served were lunch and dinner, and also that most
food waste occurred during these two meals '*. Protein
intake was the greatest at lunch and dinner, whereas
energy intake was highest at breakfast, and the evening
snack . Food intake by eating occasion has also been
examined specifically in residents with dementia, where
Young et al. (2001) found that residents with Alzheimer’s
consumed the most at breakfast, and least at dinner ',

Resident characteristics will influence food intake
(13471L151923) and may confound the relationship between
eating occasions and intake. Dementia is common among
LTC residents '*” and low food and fluid intake, as well as
malnutrition, has been reported especially in this group >*%.
Variability in activity *®, including sundowning syndrome,
where residents with dementia experience increased agitation,
anxiety and aggressive behaviours as the day progresses >,
may negatively influence food intake later in the day. Resi-
dents with dementia may also be more susceptible to experi-
encing environmental press, where factors in the environment
such as noise or lighting can be considered overwhelming
(27.28) resulting in behavioural expressions such as anxiety,
agitation and refusing to eat '>?"*»?”*)_ Furthermore, resi-
dents with more eating challenges, including agitation are
more likely to have lower intake at meals ®”.

The amount and type of assistance provided greatly
influences resident food intake '7'%?%3%3D) In an Aus-
tralian LTC home, residents who required mealtime assis-
tance but did not receive assistance had lower protein
and energy intake compared to residents who received
partial or full assistance *®. Improvements in availability
and quality of assistance provided have been shown to
increase energy intake during meals 7. In some cases,
greater cognitive impairment is associated with increased
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oral intake and better nutritional status because these res-
idents require, and more often receive, assistance com-
pared to residents with mild cognitive impairment or
residents who do not require full assistance ***"). Family
members who visit residents in LTC often want to be
involved in meaningful interactions with the resident ©%,
Providing companionship or mealtime assistance occurs
with approximately 4% of family visitors ©%. Very few
studies have considered whether family presence affects
intake at meals. One study that investigated family assis-
tance and resident food intake did not show a difference
in intake ©%.

Eating occasions may be associated with protein and
energy intake and emphasising the provision of food at a
specific meal is a relatively simple food service strategy to
improve food intake. However, limited prior research has
not accounted for confounders that also may vary with
eating occasions. The present exploratory study aimed to:
(i) describe protein and energy intake at various eating
occasions; (ii) consider how key covariates are associated
with intake at meals; and (iii) determine whether eating
occasions are associated with protein and energy intake
among LTC residents, at the same time as adjusting for
these selected covariates.

Materials and methods

This is a secondary analysis of the Making the Most of
Mealtimes (M3) cross-sectional multisite study that
included 32 LTC homes from Ontario, Manitoba, New
Brunswick and Alberta ?”. Convenience purposive sam-
pling was used. Eligible LTC homes had to be operating
for at least 6 months and have a minimum of 50 resi-
dents. Homes were purposively included to represent
diversity in care options (i.e. profit status, client focus).
Within each home, one to three units were randomly
selected, although, if a dementia care unit existed in the
home, that unit was included. Residents of all cognitive
abilities were eligible to participate if they were over the
age of 65 years (one resident was 62 years), lived in
selected units for at least 1 month, ate most meals in the
dining room and were not considered medically unstable
or palliative. Using a random number table, eligible resi-
dents were randomly approached by trained home staff
to determine interest in the study. Informed consent was
completed by researchers with residents who had the
capacity to provide consent; otherwise, consent was pro-
vided by an alternate decision maker, and assent was con-
tinuously evaluated throughout the data collection
process *”. Residents requiring tube feeding or if
advanced directives indicated they did not wish to partici-
pate in research, were excluded. All homes had 20 resi-
dents participate in the M3 study except for one home,

© 2019 The British Dietetic Association Ltd.



V. Trinca et al.

where there were only 19 residents, because one resident
withdrew consent ?*. Ethics review was completed at the
University of Waterloo, Université de Moncton, Univer-
sity of Manitoba and University of Alberta.

Generally, meals were provided at the same time at
each home, with breakfast being served at approximately
08.00 h, lunch at 12.00 h and dinner at 17.00 h. Food
intake for meals (i.e. breakfast, lunch and dinner) was
assessed using three non-consecutive days, including a
weekend day by highly trained research assistants (two
per home) ?%. All individual foods served on the main
plate at each meal were weighed before and after con-
sumption, and food spilled was also estimated. Intake of
side dishes, snacks and beverages were estimated, with the
amount consumed determined from the production
menu, and from measuring vessel size. Food and beverage
intake at snacks were estimated by research assistants on
diet data collection days. It was determined whether the
food was provided by the home or brought by the family,
and what was consumed by asking the residents them-
selves, staff or family. Snacks were almost exclusively pro-
vided by LTC homes. Staff members were also asked to
report any food or beverage intake between the evening
snack and breakfast on the subsequent day. To determine
the amount of protein and energy consumed, food and
beverage intake was analysed using home recipes and
FOOD PROCESSOR NUTRITION ~ANALYSIS SOFTWARE, version
10.14.1  (https://www.esha.com/products/food-processor).
Research assistants worked in tandem and reviewed each
other’s nutrient analyses, and both data entry and analy-
ses were checked for consistency. A detailed protocol was
followed to ensure consistency in nutrient analysis across
the four provinces *”. For this analysis, 630 participants
were included; those missing three or more meals out of
nine, and residents who began to receive palliative care
were excluded. This analysis adjusts for intra-individual
variation in food intake %,

The M3 study included diverse data collection at the
home, unit and resident level; only those variables most
relevant to adjusting for eating occasion effects within
residents (e.g. eating assistance, dementia care unit) ")
and those likely to change with the meal (e.g. meal dura-
tion, presence of family/volunteers at a meal) were
included. A home-level questionnaire was provided to the
director of care and the food services manager in each
home, recording the main meal served by the home,
which was either lunch (0) or dinner (1). The main meal
was defined as that where multiple components were
served (e.g. an appetiser or side dishes served with an
entrée and dessert) and was typically the largest offering
of the day with two hot entrée options. Timing of meals
and provision of snacks was also recorded on this ques-
tionnaire. The type of unit residents lived on was defined

© 2019 The British Dietetic Association Ltd.
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as either a general care unit (0) or dementia specific care
(1). Family/volunteer presence was recorded at every meal
where intake was assessed (present = 1, not present = 0).
Meal duration for the unit was calculated as the time from
the first item offered to the time the last food was cleared,
or when the last resident left the dining room. Average
time to complete meals for observed food intake days was
determined for each resident. The valid and reliable 10
item Edinburgh Feeding in Dementia Scale *

pleted at one different meal (i.e. breakfast day 1; lunch day
2; dinner day 3) for each day of food intake assessment.

was com-

Items are scored as never (1), sometimes (2) or always (3;
score minimum 10, maximum 30). The only item from
this scale used for analyses was physical eating assistance
required/received by residents. Resident cognition was
measured using the Cognitive Performance Scale (CPS),
which is a six-point scale %, dichotomised for analysis
(02 intact-mild cognitive impairment versus 3—6 moder-
ate—severe impairment). CPS scores were derived from the
interRAI Long-Term Care Facilities (LTCF; also known as
Minimum Data Set) assessment °”). The Aggressive Beha-
vioural Scale (ABS) from the interRAI LTCF assessment
was used to determine expressions of verbal and physical
outbursts, resisting care and socially inappropriate or dis-
ruptive behaviours ®® and has a maximum score of 12.
Each component was scored on a four-point scale (0 = be-
haviour not present; 1 = behaviour present but not exhib-
ited in past 3 days; 2 = behaviour exhibited in the past 1—
2 days; 3 = behaviour exhibited daily in past 3 days).
Provincial research coordinators interviewed care staff cur-
rently providing care to study participants to determine
CPS and ABS scores.

Statistical analysis

sas, version 3.5 (SAS Institute Inc., Cary, NC, USA) was
used to conduct analyses. For all statistical analyses, only
eating occasions (i.e. meals and snacks) where residents
consumed greater than 0 kcal were included. This deci-
sion was made because the dataset only included intake
and not provision of food at snacks and thus refused/un-
consumed snacks were not tracked. One-way analysis of
variance (ANOVA) with the outcomes of energy and pro-
tein at three meals (i.e. breakfast, lunch and dinner) and
three snack times (i.e. morning, afternoon and evening)
determined differences in intake by eating occasion. Mean
and median are reported as a result of the variability of
protein and energy intake. Student’s t-tests and one-way
ANOVAs were used to determine whether covariates were
associated with protein and energy intake at meals. Spear-
man’s rho was used for continuous variables. It is impor-
tant to note that intake at each eating occasion was
treated as independent observations for these bivariate
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analyses, and thus associations should be interpreted with
caution. A fully adjusted mixed repeated measures linear
regression with compound symmetry testing for meal
(fixed effect) and other covariates (i.e. CPS score) deter-
mined if meal was associated with energy and protein
intake. Repeated measures regression accounted for the
lack of independence among eating occasions within an
individual. P > 0.05 was considered statistically signifi-
cant. Missing data were not imputed.

Results

Resident (n = 630) median age was 88.0 years and 31.3%
of residents were male. Median CPS score was 3.0, with
approximately 56% of residents with moderate to severe
cognitive impairment. The 3-day median ABS score was 0.
Dinner was the main meal for approximately 66% of resi-
dents. Mean (SD) energy and protein provided at meals for
the regular menu were 2058 (397) kcal and 86.5 (20.7) g
and 1801 (507) kcal and 82.2 (23.6) g respectively for the
pureed texture diet ®**. The daily mean (SD) energy and
protein intake was 1572 (412) kcal and 58.4 (18.02) g,
respectively (). Physical eating assistance was required by
approximately 22% of residents, equally distributed
between sometimes and frequently, and 5% had family/
volunteers present at the meal (Table 1).

Mean and median protein and energy intake for meals
and snacks are provided in Table 2 and differences
among meals/snacks are shown in Table 3. LTC homes
were less likely to provide a morning snack (47%), as
noted on the home questionnaire, whereas afternoon and
evening snacks were provided in 88% of homes. Only
17% of residents consumed a morning snack, compared
to 34% and 52% of residents who consumed an after-
noon and evening snack, respectively. Approximately 90%
of energy and protein was consumed at meals. Energy
intake was significantly different by meal (F = 44.31,
P < 0.001) with Tukey’s post-hoc analyses demonstrating
that an additional 59 kcal (247 kJ) were consumed at
breakfast than lunch (¢ = 8.62, P < 0.001), and an addi-
tional 52 kcal (218 kJ) were consumed at breakfast than
dinner (f = 7.43, P < 0.001). Energy intake was also sig-
nificantly different by snack (F = 33.56, P < 0.001), with
the greatest energy consumed at the evening snack. Pro-
tein intake was also significantly different by meal
(F=12.72, P<0.001) and highest at dinner. Tukey’s
post-hoc analyses demonstrated that 1.4 g less protein
was consumed at breakfast compared to dinner (t = 4.57,
P < 0.001), and approximately 1.3 g less protein was con-
sumed at lunch than dinner (¢ = 4.00, P < 0.001). Protein
intake was significantly different by snack (F = 28.06,
P <0.001), with the morning snack offering the least
protein, and the evening snack the most protein.

V. Trinca et al.

Table 1 Characteristics of residents living in long-term care (n = 630
residents)

Resident characteristics Median (range)/%

Age (years) 88.00 (62.00-107.00)

Gender, male (n = 197) 31.27%
CPS score* 3 (0-6)
CPS score >3* 55.52%
ABS scoref 0(0-12)
Home-designated main meal*
Lunch 32.46%
Dinner 67.54%
Unit type
Dementia care, residents 28.89%
General care, residents 71.11%
Family/volunteer present at meals® 5.30%
Requiring physical eating assistance”
Sometimes 10.54%
Always 11.31%
Meal duration (min)
Breakfast** 37.00 (5.00-147.00)
Lunch'? 40.00 (7.00-105.00)
Dinner** 39.00 (5.00-102.00)

*CPS (Cognitive Performance Scale) scored as O (no impairment) to 6
(severe impairment); missing values = 5 residents.

TABS (Aggressive Behaviour Scale) sum of three behavioural symptoms
(verbal or physical abuse, socially inappropriate/disruptive behaviours,
and resisting care), each score ranging from O to 3; missing val-
ues = 7 residents.

#Main meal provided by the home (i.e. lunch or dinner); missing val-
ues = 20 residents.

SFamily/volunteer present at meal; missing values = 150/5417 meal
observations.

YEating assistance required; missing values = 25/5417 meal observa-
tions.

**Based on data from 1721 meal observations.

"Based on data from 1760 meal observations.

#Based on data from 1764 meal observations.

Table 4 presents bivariate associations between covari-
ates and energy and protein intake at each meal. Energy
and protein intake were both significantly greater with
family/volunteer presence at lunch (t = 3.72, P < 0.001;
t=3.58, P<0.001) and dinner (t=4.67, P < 0.001;
t =249, P=0.013). Residents with greater cognitive
impairment consumed significantly less protein during
breakfast (+ = 2.34, P = 0.020). ABS scores were not sig-
nificantly correlated with energy or protein intake
(P > 0.050). Persons living in a dementia care unit had
significantly greater energy and protein intake during
lunch (# = 3.53 P < 0.001; t=4.78, P < 0.001) and din-
ner (t=4.32, P <0.001; r=3.62, P <0.001) compared
to residents in general care units. Residents who never
required eating assistance consumed significantly more
energy and protein at breakfast (t=4.40, P < 0.001;
t=4.84 P <0.001) but significantly less protein during

© 2019 The British Dietetic Association Ltd.
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Table 2 Energy and protein intake per meal and snack (n = 630

Effect of eating occasions on food intake in LTC

Table 4 Protein and energy intake contrasted by key covariates by

residents) meal
Energy (kcal), Protein (g), mean Energy Protein
mean (SD); (SD); meedian (kcal) P-value  (g) P-value
median (range) (range)
Family/volunteer present versus not present at meal'
Breakfast 526 (214); 18.4 (8.5); Breakfast" +61 0.086 +1.2 0.399
517 (3-2058)* 17.8 (0-68.4)* Lunch* +64 <0.001*  +3.7 <0.001*
Morning snack 118 (136); 2.8 (5.71); Dinner® +95 <0.001* +2.5 0.013*
Juice, yogurt, cookie' 71 (1-928)* 0.4 (0-41.2) CPS (3+ versus <3)fT4#
Lunch 467 (196); 18.5 (9.6); Breakfast —-18 0.082 -0.9 0.020*
453 (10-1394)* 17.1 (0-72.0)* Lunch -7 0.452 +0.1 0.829
Afternoon snack 148 (110); 3.3 (4.6); Dinner —10 0.289 -0.2 0.653
Assorted fresh fruit, 124 (1-786)1 1.7 (0-44.6)1 Dementia care versus General care unit™
muffin, cookie® Breakfast +17 0.125 +0.8 0.069
Dinner 474 (205); 19.8 (10.1); Lunch +36 <0.001* +2.5 <0.001*
461 (2-1440)** 18.4 (0-71.6)** Dinner +47 <0.001*  +1.9 <0.001*
Evening snack 187 (162); 5.0 (6.0); Requiring physical eating assistance™™
Sandwiches, cookies, 140 (1-1656)" 2.9 (0-47.7)* Breakfast <0.001* <0.001*
cheese and crackers’ Never versus frequently — +65 <0.001* +2.8 <0.001*
Never versus sometimes ~ +56 0.003* +2.9 <0.001*
*Based on 1796 meal observations. Sometimes versus +9 0.901 -0.0 0.999
Some examples of snacks provided during this snack occasion. frequently
*Based on 312 snack observations. Lunch <0.001* <0.001%*
*Based on 1803 meal observations. Never versus frequently — —36 0.067 22 0.015%
"Based on 653 snack observations. Never versus sometimes ~ +50 <0.001* +2.3  <0.001*
**Based on 1818 meal observations. Sometimes versus _86 <0.001* —4.7  <0.001%*
"Based on 986 snack observations. frequently
Dinner 0.010* 0.001*
Table 3 Differences in energy and protein intake at meals and snacks Never versus frequently — —17 0516 1.3 0.241
Never versus sometimes ~ +41 0.034 +2.6 <0.001*
Energy Protein Sometimes versus -57 0.017* -39 <0.001*
(kcal) P-value (9) P-value frequently
8 R . Home-designated main meal (lunch versus dinner)™™
reakfast versus Iulnch . +59 <0.001 -0.1 0.928 Breakfast _40 <0.001* —05 0.261
Breakfast versu.s dln?er 52 <0.001* —-1.4 <0.001* Lureh 16 0.099 +4.0 <0.001%
Lunch versus dinner® -7 0.526 -1.3 <0.001* Dinner 4 0.020% +0.1 0.845
Morning versus afternoon  —29 0.002* —-0.5 0.302
snack” *Statistically significant (P < 0.050).
Morning versus evening —69 <0.001* 22 <0.001* Difference in intake when family present during breakfast; n = 36/
snack'’ 1796 breakfast observations with family/volunteer present.
Aftemogn versus evening  —39 <0.001* 1.7 <0.001* iDifference in intake when family present during lunch; n = 136/1803
snack*

*Statistically significant (P < 0.050).

Based on 1796 breakfast observations and 1803 lunch observations.
*Based on 1796 breakfast observations and 1818 dinner observations.
Based on 1803 lunch observations and 1818 dinner observations.
Based 312 morning snack observations and 653 afternoon snack
observations.

"Based on 312 morning snack observations and 986 evening snack
observations.

HBased on 653 afternoon snack observations and 986 evening snack
observations.

lunch (¢ =2.78 P = 0.005) compared to those who fre-
quently required eating assistance. On the other hand, res-
idents who mnever required eating assistance consumed
more energy and protein at breakfast (¢ = 3.33,
P <0.001; t=4.74, P<0.001) and lunch (t= 3.36,

© 2019 The British Dietetic Association Ltd.

lunch observations with family/volunteer present.

SDifference in intake when family present during dinner; n = 107/
1818 dinner observations with family/volunteer present.

Based on data from 5267 meal observations.

TTCPS (Cognitive Performance Scale) scored as 0-2 (none — mild
impairment), 3-6 (moderate-severe impairment).

#Based on data from 5372 meal observations.

$9Based on data from 5417 meal observations.

Based on data from 5392 meal observations.

T*Based on data from 5240 meal observations.

P <0.001; t=3.48, P <0.001) compared to residents
who sometimes required eating assistance. Lastly, residents
who sometimes required eating assistance consumed less
energy and protein during lunch (¢ = 4.14, P < 0.001;
t=4.93 P<0.001) and dinner (t=2.74, P = 0.017;
t = 3.84, P < 0.001) compared to residents who frequently
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required eating assistance. When lunch was the main
meal served by the home, significantly more protein was
consumed at lunch (¢ = 8.18, P < 0.001) than dinner, but
significantly more kilocalories were consumed during
breakfast (r=3.91, P <0.001) and dinner (¢ = 2.34,
P = 0.020) versus lunch.

Because approximately 90% of food intake occurred at
meals, only meals were modelled to determine potential
significant differences in energy and protein intake when
considering covariates (Table 5). Breakfast had the greatest
energy intake, although protein intake was significantly
higher at dinner. However, when dinner was the main meal
designated by the home, protein intake was lower by 1.1 g
compared to when lunch was the main meal. The oldest
residents (>90 years) had a lower protein intake than the
reference group aged 6069 years. Men had a significantly
higher protein and energy intake compared to women.
Being on a dementia care unit was associated with a higher
protein and energy intake. ABS score was associated with
intake, where residents with more expressions had a lower
protein intake. CPS score was not associated with protein
or energy intake. Family/volunteer presence during meals
significantly increased energy and protein intake, whereas
those who sometimes required eating assistance had lower
energy and protein intake compared to those who never
required eating assistance. Intake for residents who fre-
quently required eating assistance did not significantly dif-
fer from those who required no assistance.

Discussion

The present study aimed to determine whether food intake
is associated with eating occasion. As noted in the prior
analysis of these data, protein intake is typically below
the recent recommendations of 1.2 g kg™~ body weight “%.
The present study identified that eating occasions and the
types of food offered at different eating occasions may be a
relevant mechanism for promoting food intake in some
LTC residents. Energy and protein intake of residents in
LTC was significantly associated with eating occasions in
this analysis. Residents consumed the most energy at break-
fast and the evening snack, as well as the most protein dur-
ing dinner and the evening snack; these findings are
consistent with prior work *'*). Energy intake continued
to be highest at breakfast when adjusting for other covari-
ates and was an important factor in the variability of energy
intake when compared with covariates (i.e. based on effect
size of kcal) (Table 5) and corroborates prior research
where adjusting for other resident and home characteristics
was not undertaken "*'*. Higher energy intake at break-
fast may be attributed not only to hunger as a result of the
long overnight fast, but also residents being well rested.
Protein intake was highest at dinner (i.e. evening meal) and
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Table 5 Regression model based on covariates explaining variance in
average protein and energy intake by meal (n = 630 residents)

Energy’ Protein®
Parameter Parameter
Estimate Estimate
Variable (kcal) P-value  (g) P-value
Lunch? —66 <0.001* -0.4 0.298
Dinner# -59 <0.001* +1.1 0.008*
Sex (male versus female) +79 <0.001* +3.4 <0.001*
Age (70-79)8 +36 0.121 +0.7 0.498
Age (80-89)* +13 0.549 -09 0.405
Age (90-99)° -16 0471 =22 0.036*
Age (100-1 09)% -59 0.062 -3.6 0.013*
Main meal, dinner? +13 0.102 —-11 0.004*
CPS score (3-6)'" —14 0.116 0.3 0.477
Dementia care unit** +39 <0.001* +2.1 <0.001*
ABS score®® -2 0.228 -0.1 0.027*
Family/volunteer +58 <0.001* +2.5 <0.001*
present at meal
Requiring physical -36 0.003* -2.0 <0.001*
eating assistance
(sometimes versus
never)'
Requiring physical —4 0.749 -0.2 0.708

eating assistance
(frequently versus
never)'f

*Statistically significant (P < 0.050).

Based on 5016/7368 meal observations. 2352 meal observations
excluded as a result of missing data.

fCompared to breakfast.

SCompared to age category 60-69.

ICompared to lunch.

TCPS (Cognitive Performance Scale) scored as 0-2 (none — mild
impairment), 3-6 (moderate-severe impairment).

#Comparing to general care units.

$8Change in energy and protein consumption for every 1-point increase
on ABS (Aggressive Behaviour Scale); sum of three behavioural symp-
toms (verbal or physical abuse, socially inappropriate/disruptive beha-
viours, and resisting care), each score ranging from 0 to 3).

Compared to never requiring eating assistance.

continued to be significantly higher in multivariate regres-
sion analysis. However, unlike energy, this regression iden-
tified that age, sex, family/volunteer presence, requiring
eating assistance and living on a dementia care unit may be
more relevant for protein intake than eating occasion
(Table 5). Furthermore, it was noted that, when the eve-
ning meal was the home designated main meal of the day,
protein intake slightly decreased compared to when lunch
was the main meal. Spreading protein out through the day
rather than emphasising a single meal is a potential strategy
to support higher protein intake in LTC.

Regularly providing between meal snacks may also
increase the protein and energy intake of residents 7). As

© 2019 The British Dietetic Association Ltd.
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noted in this analysis, many residents did not consume
snacks, with most residents consuming food at the evening,
and the least at the morning snack. More than half of the
homes did not offer a morning snack, whereas an after-
noon and evening snack occurred in almost all homes. This
may be a result not only of food and labour costs, but also
recognition that breakfast and lunch are closer together
(approximately 3—4 h), whereas the time between dinner
and breakfast is more than 12 h. The morning and after-
noon snack is often a cookie, portion of fruit, or yogurt,
whereas the evening snack may include a glass of milk,
half-sandwich or crackers and cheese. This analysis suggests
that there is opportunity to increase protein intake by dis-
tributing protein more evenly across all three meals, espe-
cially breakfast, and, where feasible from a labour and food
cost perspective, providing food offerings at snacks with
protein.

Some covariates were associated with increased intake,
although they are also associated with eating occasions.
This is the first time covariates by eating occasion have
been examined to determine potential variance across the
day (Table 4). This analysis provides new insight and
encourages providers to take a person-centred approach
to resolving low intake in residents. Consistent with prior
work %, family/volunteer presence during meals pro-
moted intake, although this was relatively infrequent,
occurring for approximately 5% of residents. Family/vol-
unteer presence at dinner resulted in significantly greater
intake, especially of energy (Table 4), potentially as this
was the main meal. However, protein intake was highest
when family/volunteers supported lunch, suggesting that
they especially encouraged intake of high protein foods at
this meal. Supporting family/volunteers to provide eating
assistance should be the objective of future work. Those
who sometimes required eating assistance had lower pro-
tein and energy intake when other covariates were consid-
ered compared to those who never required -eating
assistance. The level of physical eating assistance was sig-
nificantly associated with each meal for energy and pro-
tein intake in bivariate analyses, although the size of
effect varied. Greatest differences in intake were seen at
lunch (Table 4) for residents who sometimes versus fre-
quently required physical eating assistance, with those
who sometimes required assistance consuming 86 kcal
less. Further exploration on why this occurred is necessary,
especially because sundowning (e.g. more expressions in
the evening) would not explain this effect. Cognitive
impairment is often associated with poor food and fluid
intake ", and more behavioural expressions such as refu-
sal to eat, and wandering *?, especially in the absence of
appropriate assistance °®*". In multivariate analysis,
greater cognitive impairment was not significantly associ-
ated with protein or energy consumption, potentially

© 2019 The British Dietetic Association Ltd.
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because other covariates associated with dementia were
included in the analysis and had a significant effect (e.g.
dementia care unit, requiring eating assistance, etc.). This
may also be a result of the categorisation of CPS scores (<3
and 3+) for this analysis, as well as the crudity of the mea-
sure itself. However, behavioural expressions were signifi-
cantly associated with reduced protein but not energy
intake. Previous studies have found that residents with
dementia have a greater desire for foods that are sweet, or
carbohydratedense *"***) which will increase energy con-
sumption but possibly compromise protein intake. There-
fore, further efforts to promote protein intake among this
population may be needed. As noted in this analysis, living
in a dementia care unit can mitigate some of these chal-
lenges, with both lunch and dinner intakes being signifi-
cantly higher (Table 4). Greater staff training, and more
person-centred care practices may explain differences
between unit type because staff may be more attentive to
the need for eating assistance or encouragement during
mealtimes. One study previously found that residents liv-
ing in a dementia care unit had greater protein and energy
intake V; staff may also potentially provide more eating
opportunities (i.e. snacks) to increase food intake @,

Limitations

Although the present study included a large and diverse
sample and completed a comprehensive analysis, including
analysing previously unexplored covariates, there are some
limitations to this work. Care plans of residents were not
reviewed, and thus it is unknown whether specific strate-
gies were being employed to facilitate food intake (e.g. lar-
ger portions, more food at breakfast) at different eating
occasions. This analysis was exploratory. In the analyses,
only eating occasions where residents consumed greater
than 0 kcal were included, which may inflate the average
intake at meals and snacks. For some covariates, propor-
tions experiencing the factor were low (e.g. total number of
meals where family was present) and other covariates were
not included (e.g. use of modified texture food), aiming to
provide a parsimonious, focused model. Future studies are
required to confirm these associations identified in multi-
variate analyses. This analysis does, however, provide some
opportunity to consider new interventions to promote
intake. For example, making it easy for family to visit dur-
ing meals and training them on foods to emphasise when
assisting, may promote intake.

There are also several limitations associated with mea-
suring the outcome of food intake. Researchers assessed
intake using the best possible methods for this setting.
However, 3 days of intake likely do not fully represent the
usual intake of all residents. Intake may be overestimated
as a result of the effects of being observed, as well as the
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estimation for snacks, beverages and side dishes ©%.
Although efforts were made to differentiate items for post-
consumption weighing, there were challenges with respect
to differentiating food items for modified texture diets
where food products were mixed. Home recipes may not
have represented food content, and, at best, nutrient analy-
sis is an estimation. Accordingly, although differences in
intake by eating occasions and other covariates were statis-
tically significant in this analysis, this does not mean that
these differences in intake are also clinically significant.
Some differences identified were small and variability in
intake and/or inaccuracies in data collection could explain
some statistically significant differences. Finally, we only
had consumption in the dataset, rather than what was both
provided and consumed; thus, it is unknown whether a
resident refused/did not consume foods or beverages, or
whether they were not provided. These results cannot be
generalised to other Canadian and global LTC populations
because this was a convenience sample.

Conclusions

The present study investigated how eating occasions are
associated with protein and energy intake among LTC resi-
dents when important covariates are considered. The data
collection and analysis have demonstrated, for the first
time, the relevance of eating occasions to intake when
accounting for other variables such as eating assistance and
family/volunteer presence. Furthermore, it is noted that
the association between several covariates and intake vary
by eating occasion (e.g. family/volunteer presence, requir-
ing assistance). Energy intake was highest at breakfast and
the evening snack, whereas protein was highest at dinner
and the evening snack. Based on these results, LTC homes
could emphasise protein content at breakfast and offer pro-
tein at snacks to improve energy and protein intake for
those residents who are at risk for malnutrition.
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Introduction

Individuals with stroke often experience malnutrition,
The prevalence of
malnutrition in rehabilitation hospitals/facilities is three- ing
fold higher than that in acute care hospitals *. Undernu-
trition leads to diminished recovery of physical and

with a prevalence of up to 62% V.
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Abstract

Background: Malnutrition may worsen clinical outcomes in stroke patients.
Few malnutrition screening tools have been validated in the rehabilitation
setting. The present study aimed to assess the concurrent and predictive
validity of two malnutrition screening tools.

Methods: We retrospectively collected scores for the Mini Nutritional
Assessment Short-Form (MNA-SF) and the Geriatric Nutritional Risk Index
(GNRI) in consecutive stroke patients aged >65 years in a rehabilitation
hospital. Concurrent validity was confirmed against the European Society
for Clinical Nutrition and Metabolism diagnostic criteria for malnutrition
(ESPEN-DCM). Malnutrition risk within the ESPEN-DCM process was
assessed using the Malnutrition Universal Screening Tool. Cut-off values
with maximum Youden index, and with sensitivity (Se) >90% and speci-
ficity (Sp) >50%, were defined as appropriate for identification and screen-
ing of malnutrition, respectively. The Functional Independence Measure and
discharge destination were used to explore predictive validity.

Results: Overall, 420 patients were analysed. Of these, we included 125
patients in the malnutrition group and 295 in the non-malnutrition group
based on the ESPEN-DCM. Cut-off values for the identification and screen-
ing of malnutrition were 5 (Se: 0.78; Sp: 0.85) and 7 (Se: 0.96; Sp: 0.57) for
the MNA-SF; 92 (Se: 0.74; Sp: 0.84) and 98 (Se: 0.93; Sp: 0.50) for the
GNRI, respectively. The GNRI predicted discharge to acute care hospital,
whereas the MNA-SF did not predict all outcome measures.

Conclusions: The MNA-SF and the GNRI have a fair concurrent validity in
stroke patients, although lower cut-off values than currently used were
required for the MNA-SF. The GNRI exhibits good predictive validity for
discharge destination.

swallowing function, decreased survival rate, prolonged
hospital stay and inflated healthcare costs ™. Nutri-
tional improvement in stroke patients with malnutrition
is associated with the resumption of activities of daily liv-
ing 7®. Thus, early screening and identification of mal-
nutrition in stroke rehabilitation patients could facilitate
appropriate nutritional intervention, which is necessary to

© 2019 The British Dietetic Association Ltd.
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regain functional capacity and activities of daily living, as
well as to improve quality of life.

Despite the growing awareness of malnutrition, malnu-
trition screening tools have rarely been validated specifi-
cally for stroke patients ‘. The Malnutrition Universal
Screening Tool (MUST)  is the only malnutrition
screening tool that has been used to assess predictive
validity ©; thus, its use is recommended in the recent
clinical guidelines of the European Society for Clinical
Nutrition and Metabolism (ESPEN) ‘9. Although there
is no gold standard for determining malnutrition, ESPEN
has proposed operative, diagnostic criteria for malnutri-
tion (ESPEN-DCM) 'V, which are in good agreement
with MUST “?). However, to date, no study has investi-
gated the concurrent validity of available malnutrition
screening tools in stroke survivors.

The Mini Nutritional Assessment Short Form (MNA-
SF) is one of the most widely used tools for the screening
of malnutrition in older adults, whereas the MNA is used
as an assessment tool for those identified as at risk of mal-
nutrition "*'¥. Although the MNA-SF has shown good
concurrent and predictive validity, it potentially overesti-
mates the prevalence of malnutrition in older rehabilitation
patients with a prevalence of 92%-99% being reported
(>13) This may be attributed to non-nutrition related prob-
lems that are difficult to differentiate from characteristics
of malnutrition in rehabilitation patients, including dimin-
ished physical function caused by hemiparesis, communi-
cation disorders as a result of aphasia and unintentional
muscle atrophy following stroke *. As an alternative, the
Geriatric Nutritional Risk Index (GNRI) could be useful to
estimate the survival of or clinical complications in older
patients ', In addition, the efficacy of the GNRI in esti-
mating activities of daily living, discharge home, and recov-
ery of full oral intake in patients with stroke have been
reported ©717.18) 1t must be noted, however, that the
GNRI indicates malnutrition risk not nutritional status
because it has not been validated as a malnutrition assess-
ment tool .

The present study aims to: (i) evaluate the concurrent
validity of the MNA-SF and the GNRI against the
ESPEN-DCM in older individuals with stroke in the con-
valescent stage; (ii) determine the cut-off values that cor-
respond to and are appropriate for screening for
malnutrition as defined by the ESPEN-DCM; and (iii)
evaluate the predictive validity of both tools against the
Functional Independence Measure (FIM) and discharge
destination.

Materials and methods
We conducted this retrospective, observational cohort

study in three convalescent rehabilitation wards of a

© 2019 The British Dietetic Association Ltd.
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single hospital in Japan. A multidisciplinary rehabilitation
team provided a comprehensive rehabilitation service,
which was covered by the public healthcare insurance .
The multidisciplinary team was composed of medical
doctor, nurse, physical therapist, occupational therapist,
speech-language-hearing therapist, social worker, regis-
tered dietitian, care worker and dental hygienist. This
study protocol complied with the principles outlined in
the Declaration of Helsinki and was approved by the
Ethics Committee of the University of Nagasaki (approval
number: 287) and Nagasaki Rehabilitation Hospital.
Because we used only routinely collected clinical data, we
supplied information about this study to all patients and
explained the opt-out option, allowing patients to with-
draw from the study dataset at any time.

Data source and selection criteria

In the present study, we analysed the clinical data of con-
secutive patients aged >65 years who were admitted to
the convalescent rehabilitation wards for post-stroke reha-
bilitation from 16 May 2015 to 16 May 2017. All partici-
pants were Asian and were transferred from acute care
hospitals. The exclusion criteria were: (i) missing data for
serum albumin concentration within 7 days of the day of
admission; (ii) no definitive diagnosis of the stroke type;
and (iii) unclear data for usual body weight. The usual
body weight of older stroke patients was often unavailable
due to unconsciousness, aphasia, dementia or lack of rou-
tine measurement in their home. Certain patients could
be classified into the malnutrition or non-malnutrition
categories by the ESPEN-DCM without body weight loss
and were therefore included in the analysis: (i) those
patients with a body mass index (BMI) or fat-free mass
index (FFMI) above the cut-off value of one of the crite-
ria of the ESPEN-DCM but who had missing data for
usual body weight (classified into non-malnutrition cate-
gory) and (ii) those patients with a BMI <18.5 kg m >
for whom usual body weight could not be obtained (clas-
sified into malnutrition category).

We retrospectively extracted all data from a medical
chart or from the facility’s data set that were entered by a
registered dietitian or a medical secretary. The basic char-
acteristics of patients collected were: age, sex, number of
days from stroke onset to the date of hospital admission,
length of hospital stay, stroke subtype (e.g. cerebral
infarction, intracranial haemorrhage or subarachnoid
haemorrhage), disabilities, comorbidities, history of stroke
onset and need for long-term care before stroke. Stroke
subtype, comorbidities and disabilities were diagnosed by
the medical staff in the acute care hospitals or in the con-
valescent rehabilitation ward. The need for long-term care
was verified by the medical secretary based on the

13
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certification of the long-term care insurance (LTCI)
before a stroke. The LTCI is a public, universal, long-
term care insurance system in Japan ", At the time of
admission, the nursing staff measured the body weight
using a well-calibrated scale (Barrier Free Scale, A&D Co.
Ltd, Tokyo, Japan) that could weigh the patients on the
wheelchair. Usual body weight and body weight change
were assessed by the registered dietitian based on inter-
view with the patients and/or their representative, or
from the information from the acute care hospital from
where they were transferred. The nursing staff measured
the height of the patients using a stadiometer or tape. If
these methods could not be applied because of marked
contracture of the limbs or humpback, the knee height
was measured by a knee height caliper and height was
calculated using a race-specific equation ?*. Both knee
height measurement and height calculation were carried
out by the registered dietitian. All anthropometric mea-
sures and estimations of weight history were performed
on the day of admission as part of usual clinical practice.

Types of validity investigated

In the present study, we assessed concurrent validity and
predictive validity. Concurrent validity demonstrates the
accuracy between a screening tool (index test) and the
gold standard method (reference standard) 23 To test
the concurrent validity, we divided all participants into
the malnutrition group (M) and non-malnutrition group
(non-M) based on the results of the ESPEN-DCM. Then,
we plotted the receiver-operating characteristic curves by
using the MNA-SF and GNRI to define malnutrition and
evaluated the area under the curve. The maximum You-
den index [sensitivity (Se) + specificity (Sp) — 1] 2yas
considered as the appropriate value for identifying mal-
nutrition. This approach is accepted to determine the
cut-off value that coincides with the reference standard
test. Ascertaining high sensitivity may be more important
than balancing sensitivity and specificity because over-
looking malnourished patients should be avoided in a
clinical setting. A proposed criterion for ‘good’ sensitivity
is >0.8, whereas ‘fair’ specificity is >0.5 **). Therefore, we
set the value with >0.9 for sensitivity and >0.5 for speci-
ficity, which might be appropriate screening for malnutri-
tion and to prevent overlooking potential patients with
malnutrition. Furthermore, we used the following criteria
to assess the overall capacity of each screening tool as well
as kappa value (x): good (both Se and Sp: >0.8), fair (ei-
ther Se or Sp: <0.8; both Se and Sp: >0.5) and poor (ei-
ther Se or Sp: <0.5) @5,

Predictive validity indicates the ability of a screening
tool to predict specified outcomes **. Mortality, compli-
cation rate and/or length of hospital stay are usually used
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as outcome measures for predictive validity; several stud-
ies have also employed functional decline or discharge
destination as outcome measures >,

Outcome variables

We used two outcome measures to test predictive validity:
(i) the FIM at discharge, as an indicator of activities of
daily living (ADL) and (ii) discharge destination (home,
long-term care facilities or hospitals/acute care hospitals).
The FIM is one of the leading indicators of ADL %,
which comprises 18 domains (13 motor domains and five
cognitive domains) and each domain is scored between 1
(total assistance) and 7 (complete independence). The
total FIM score ranges from 18 to 126. We classified the
individual data by using the ESPEN-DCM (M and non-
M groups), MNA-SF and GNRI (based on the predeter-
mined cut-off value for detecting and screening for mal-
nutrition) and compared the outcome measures between
the groups.

Index tests

We used the MNA-SF and GNRI, which are incorporated
into usual clinical practice as index tests. The MNA-SF is
the malnutrition screening tool that exhibits good agree-
ment with MNA and sufficient reliability in older individ-
uals "**”), The MNA-SF comprises six domains including
appetite loss, weight loss, mobility, stress/acute disease,
neuropsychological problems and BMI. The total score
for the MNA-SF ranges from 0 to 14 points; a score of
0-7 signifies malnourished, 8-11 at risk of malnutrition
and 12-14 denotes well-nourished "*. Trained registered
dietitians scored the MNA-SF on the day of admission.
The components of MNA-SF that were collected are:
height and body weight (used for calculating BMI);
decreased food intake; change in body weight; physical
and mental stress (confirmed by the patients or their rep-
resentative on the day of admission, as well as relevant
information provided by the acute care hospital); neu-
ropsychological problems (evaluated by interview with
patients and information from other healthcare profes-
sionals including medical doctor, nurse and occupational
therapist).

The GNRI is a nutritional risk indicator for older indi-
viduals, which has been developed from the Nutritional
Risk Index ?®. The equation of the GNRI is:

GNRI = [1.489 x albumin (g/L)] + {41.7
x [body weight (kg)/ideal body weight (kg)]}

Although the Lorenz formula was used for evaluating
ideal body weight in the original equation of GNRI, this
equation has not been validated in the Asian population.
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Instead, in the present study we used BMI (22 kg m?)
for determination of ideal body weight because it showed
good correlation with ideal body weight calculated using
the Lorenz formula in Japanese patients *%. If the actual
body weight exceeded the ideal body weight, the ratio of
the body weight to the ideal body weight was set as 1.
The malnutrition risk is defined by the GNRI as: severe/
moderate risk, <92; low risk, 92-98; no risk, >98 (1030,
Albumin, a component of GNRI, was assessed by attend-
ing physicians within several days from admission as a
part of usual clinical practice. At admission, the registered
dietitian recorded the value of serum albumin concentra-
tion and body weight in the facility’s database; thereafter,
the GNRI was automatically calculated using data on
serum albumin, body weight, and ideal body weight.

Reference standard

In the absence of a gold standard to diagnose malnutrition,
the present study used the ESPEN-DCM as the reference
diagnostic standard. The consensus-based ESPEN-DCM cri-
teria were proposed by ESPEN to diagnose malnutrition
(D) are in good agreement with MUST '? and predict sur-
vival and functional outcomes °**?. The criteria comprised
two alternative ways to define malnutrition in patients at
risk of malnutrition screened by a validated tool: (i)
BMI <18.5 kg m 2 and (ii) unintentional body weight loss
(>5% over 3 months or >10% over an indefinite period)
and low BMI (<20 kg m™? for individuals aged <70 years or
<22 kgm > for those aged >70 years) or low FEMI
(<15 kg m > for females; <17 kg m™? for males). FEMI can
be calculated by fat-free mass (kg) divided by height (m)?.

We used MUST for malnutrition screening in the
ESPEN-DCM process to avoid incorporation bias. An
experienced registered dietitian, who was not involved in
the scoring of the MNA-SF and GNRI, performed the
MUST screening and followed the diagnostic process of
the ESPEN-DCM based on the nutritional information in
the medical chart. The registered dietitian identified mal-
nutrition without knowing the score of the MNA-SF and
GNRI for each patient. Because body composition was
not assessed in our facilities during the study period, we
used the estimated fat-free mass (eFFM) based on the
estimated creatinine excretion rate (eCER) for calculating
FEMI %%

eCER = 879.89 + [12.51 x body weight (kg)] + (6.19
x age) + (34.51 if black) — (379.42 if female)

eFFM (kg) = 13.0 4 0.03 x eCER
estimated FFMI (eFFMI, kg/m?*) = eFFM/height (m)*

As noted above, of all patients with missing data for
usual body weight, those who showed BMI or estimated

© 2019 The British Dietetic Association Ltd.
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FEMI (eFFMI) above the cut-off values of ESPEN-DCM,
or those with BMI <18.5 kg m > were included in the
analysis, and their MUST results were expressed as
‘uncertain’.

Sample size calculation

We evaluated the sample size using:
Sample size (N) = 4 Z2P (1 — P)/W?

where Z, is the standard normal deviate, P is the
expected sensitivity of the MNA-SF and W is the width
of the confidence interval (CI).

In the present study, we set the sensitivity of the MNA-
SF at 85%, based on a previous report . If the stan-
dard normal deviate was 1.96 [with a 95% confidence
interval (CI)], the width of the CI being +0.10, the
required sample size of individuals with malnutrition was
196. Based on our previous study, the expected preva-
lence of malnutrition was 42% ». Hence, we set a dura-
tion of 2 years to retrospectively collect the data of 467
participants.

Statistical analysis

All statistical analyses were performed using spss, version
21 (IBM Corp., Armonk, NY, USA). The parametric data
were expressed as the mean (SD), whereas nonparametric
data were presented as the median and interquartile range
(IQR). We compared the basic characteristics and out-
come measures between the two groups using the
unpaired t-test, the chi-squared test, Fisher’s exact test,
the Mann-Whitney U-test and the Kruskal-Wallis test,
followed by Bonferroni correction or Dunn’s test for mul-
tiple comparisons (>2 groups) . In addition, we per-
formed linear regression analysis and binary logistic
regression analysis to assess the impact of malnutrition
on the outcome variables ¥, Variables that exhibited a
marked difference between the M and non-M groups in
the univariate analysis were included in the multivariable
analysis. P < 0.05 was considered statistically significant.

Results

Figure 1 outlines the flow diagram of the study partici-
pants and the categorisation of malnutrition using the
ESPEN-DCM. During the study period, data from 520
patients were obtained. Of these, we excluded 26 patients
with missing albumin data, two patients who were not
clearly diagnosed with stroke and 72 patients with miss-
ing data for usual body weight. Finally, we enrolled 420
patients for the data analysis. Based on the ESPEN-DCM,
125 patients were assigned to the M group and 295 to the
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Potentially eligible participants
(n=520)

Excluded (» = 100)
Serum albumin missing or
collected >7 days after admission
(n=126)

Undefined diagnosis of stroke
(n=2)

Missing usual body weight
(n=172)

Eligible participants
(n=420)

!

}

At risk of malnutrition
(n=214)
MUST > 1 or uncertain

No risk of malnutrition
(n=1206)
MUST=0
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|
! l

BMI < 18.5 kg/m? (n = 76)

BMI > 18.5 kg/m? (n = 138)

|
l l

Figure 1 Flow diagram of study participants. MUST,

Malnutrition Universal Screening Tool; BMI, body
mass index; FFMI, fat-free mass index. Weight loss:

Weight loss and No weight loss
low BMI or low FFMI and/or no low BMI or
(n=49) no low FFMI (n = 89)
Malnutrition Non-malnutrition

(n=125) (n=295)

>5% per 3 months or >10% indefinite of time. Low
BMI: <20 kg m2 for individuals aged <70 years or
<22 kg m~? for those aged >70 years. Low FFMI:
<15 kg m 2 for females; <17 kg m 2 for males.

non-M group. Compared with the excluded patients, the
patients included in the analysis had greater FIM (median
70 versus 57.5; P = 0.004), as well as higher MNA-SF
(median 7 versus 5.5; P = 0.003) and GNRI scores (me-
dian 95.3 versus 92.8; P = 0.014).

Table 1 presents the demographic data of the enrolled
patients. Compared with the non-M group, the patients
in the M group were older, had a higher proportion of
females, subarachnoid haemorrhage, dysphagia and certi-
fication of LTCIL In addition, the M group exhibited
longer onset-admission duration, lower frequencies of
cerebral infarction and dyslipidaemia, and lower FIM
compared to those in the non-M group. The receiver-op-
erating characteristics curves suggested that the areas
under the curve for both the MNA-SF and GNRI were
0.890 and 0.865, respectively (Fig. 2). Based on the You-
den index, the MNA-SF scores of 5 points (Se: 0.784; Sp:
0.847) and 7 points (Se: 0.960; Sp: 0.570) were optimal
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for detecting malnutrition and identifying the risk of mal-
nutrition, respectively. Conversely, the well-established
cut-off value for ‘at risk of malnutrition’ (<11 points)
revealed a markedly low Sp (0.017) (Table 2). Further-
more, the optimal cut-off values of the GNRI for detect-
ing malnutrition were 92 (Se: 0.744; Sp: 0.841) and 98
(Se: 0.928; Sp: 0.502), which were the same as the well-
established cut-off values for severe/moderate and mild
malnutrition risk, respectively.

At discharge, the M group exhibited a lower FIM (me-
dian: 80 versus 114; P < 0.001), a higher frequency of dis-
charge to acute care hospitals (26% versus 14%;
P <0.001) and fewer individuals returning home (49%
versus 77%; P < 0.001). Likewise, individuals with a
lower MNA-SF score (both 0-5 and 6-7) and GNRI
(both <92 and 92—<98) exhibited a significantly lower
FIM and were less likely to return home than those with
higher scores based on the univariate analysis (Table 3).
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S. Nishioka et al.

Validity of nutritional screening for stroke

Table 1 Demographic characteristics of 420 elderly patients with stroke in the convalescent rehabilitation wards

Overall M Non-M P
Number of subjects 420 125 295
Age (years), mean (SD) 78.1(7.9) 80.1 (8.0) 77.2 (7.6) <0.001%
Female, n (%) 171 (40.7) 61 (48.8) 110 (37.3) 0.028%
Onset-admission duration (days)
median (IQR) 24 (18-34) 28 (20-40.5) 23 (17-32) <0.001"
Stroke subtype, n (%)
Cerebral infarction 296 (70.5) 78 (62.4)* 218 (73.9)* 0.019%
Intracerebral haemorrhage 105 (25.0) 37 (29.6) 68 (23.1)
Subarachnoid haemorrhage 19 (4.5) 10 (8.0)* 9 (3.1)*
Stroke region, n (%)
Supratentorial 321 (76.4) 95 (76.0) 226 (76.6) 0.095%
Infratentorial 9(9.3) 8 (6.4) 31 (10.5)
Both 1(9.8) 12 (9.6) 29 (9.8)
Not classifiable 9 (4.5) 10 (8.0) 9 (3.1)
Paralysis, n (%)
Hemiplegia 316 (75.2) 99 (79.2) 217 (73.6) 0.1738%
Tetraplegia 18 (4.3) 7 (5.6) 1 3.7)
Absence 86 (20.5) 19 (15.2) 67 (22.7)
Disabilities, n (%)
Dysphagia 162 (38.6) 76 (60.8) 86 (29.2) <0.001%
Aphasia 94 (22.4) 34 (27.2) 60 (20.3) 0.123%
Dysarthria 94 (22.4) 46 (36.8) 124 (42.0) 0.318%
Comorbidities, n (%)
Diabetes mellitus 104 (24.8) 6 (20.8) 78 (26.4) 0.221%
Dyslipidaemia 151 (36.0) 5 (20.0) 126 (42.7) <0.001%
Hypertension 347 (82.6) 8 (78.4) 249 (84.4) 0.137%
Artificial fibrillation 130 (31.0) 9(31.2) 91 (30.8) 0.943%
Chronic kidney disease 48 (11.4) 9(7.2) 39 (13.2) 0.076%
Recurrent stroke, n (%) 1 13 (26.9) 1(24.8) (27.8) 0.527%
Pre-stroke ADL, dependent, n (%)" 2 (19.5) 33 (26.4) 49 (16.6) 0.021%
Total FIM, median (IQR) 70 (40.3-93) 45 (25-75) 79 (54-101) <0.001"
BMI (kg m2), mean (SD) 22.1 (3.6) 18.2 (2.1) 24.0 (2.6) <0.001*
eFFMI (kg m%), median (IQR) 16.6 (14.7-18.3) 14.9 (12.3-16.3) 17.6 (15.4-18.8) <0.0017

ADL, activities of daily living; BMI, body mass index; eFFMI, estimated fat-free mass index; FIM, the Functional Independence Measure; IQR,

interquartile range; M, malnutrition group; non-M, non-malnutrition group.

*P < 0.05 for other group by Bonferroni correction.

Defined by the pre-stroke certification for the public long-term care insurance ‘care level 1’ or more.

fUnpaired t-test.
SChi-square test.
IMann-Whitney U-test.

After adjustment for covariates by multivariate analysis, a
GNRI score of <92 remained significant for the prediction
of risk for transfer to an acute care hospital [odds ratio
(OR) = 3.12; 95% CI = 1.09-8.92]. However, no relation-
ship was observed between the GNRI score of 92—<98,
the MNA-SF (both 0-5 and 5-7) or ESPEN-DCM and
the outcome measures (Table 4). In addition, we saw dif-
ferences in the predictive capacity between the two crite-
ria used in the ESPEN-DCM for outcome measures.
Malnutrition defined by BMI <18.5 kg m > predicted a
low FIM at discharge (B: —4.85; 95% CI = —9.61 to
—0.08), a high tendency for transfer to an acute care hos-
pital (OR =2.76; 95% CI =1.29-589) and a low

© 2019 The British Dietetic Association Ltd.

possibility for returning home (OR = 0.30; 95%
CI = 0.15-0.58). Such predictive capacity was not seen
when malnutrition was defined by weight loss and low
BMI (<20 kg m > for individuals aged <70 years or
<22 kg m > for those aged >70 years) or low FEMI
(<15 kg m * for females; <17 kg m > for males).

Discussion

The present study reports several clinical findings. First,
when cut-off values of 5 and 7 points were applied, the
MNA-SF exhibited a fair concurrent validity for malnutri-
tion in patients with stroke in convalescent rehabilitation
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Figure 2 The receiver-operating characteristics curve of two malnutrition screening tools for malnutrition based on the reference standard. AUC,
area under the curve. (a) Mini Nutritional Assessment Short-Form (MNA-SF). (b) Geriatric Nutritional Risk Index (GNRI).

Table 2 The accuracy of the Mini Nutritional Assessment Short-Form
(MNA-SF) and Geriatric Nutritional Risk Index (GNRI) using various cut-
off values against the diagnostic criteria for malnutrition

31)

Se Sp Kappa The Youden index

MNA-SF

<5% 0.784 0.847 0.606 0.631

<7t 0.960 0.573 0.417 0.533

<N 1.000 0.017 0.010 0.017
GNRI

<92%* 0.744 0.841 0.559 0.585

<ogf 0.928 0.502 0.323 0.430

Se, sensitivity; Sp, specificity.

*Qptimal cut-off value for identifying malnutrition determined by the
Youden index.

fOptimal cut-off value for malnutrition screening determined by
Se >90% and Sp >50%.

wards. Second, the GNRI also exhibited a fair concurrent
validity with its established cut-off values. Third, the GNRI
had good predictive validity for transferring to acute care
hospital, whereas the MNA-SF did not show predictive
capacity for any outcomes after multivariable analysis.

In the present study, the MNA-SF exhibited a high
accuracy in determining malnutrition as defined by the
ESPEN-DCM; however, the appropriate cut-off values (5
or 7 points) were far from its well-established values (7
or 11 points). Originally, cut-off values for the MNA-SF
(7 and 11 points) were established based on agreement
with the MNA “'?). However, this approach may involve
the risk of incorporation bias because the MNA-SF was
initially derived from the components of the MNA. The
present study has strength regarding methodology because
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the validity of the MNA-SF was assessed against the
ESPEN-DCM with the MUST to avoid incorporation
bias. A previous study reported that the MNA-SF might
pose a risk of overestimation of malnutrition when using
a cut-off value of 11 points because of markedly low
specificity in older adults in a rehabilitation unit ** or a
geriatric care hospital ©%. Similarly, we previously
reported that 99% of convalescent stroke patients were
assessed as ‘at risk of malnutrition” if a score of 11 points
in the MNA-SF was used for malnutrition screening .
The lower cut-off score of the MNA-SF might be appro-
priate for patients with stroke because some of the sub-
scoring categories of this tool, such as mobility or neu-
ropsychological problems, could also be diminished by
stroke sequela per se (i.e. hemiparesis or aphasia). From
the perspective of clinical practice, we recommend that
older adults after stroke can be identified as at risk of
malnutrition with a score of <7 points on the MNA-SF
during the rehabilitation period whereas those with mal-
nutrition can be identified by a score of <5 points. On
the other hand, the accuracy of a malnutrition screening
tool depends on whether the components of the tool can
appropriately represent and address the characteristic fea-
tures of malnutrition. The MNA-SF (revised version) has
not been investigated in terms of its construct and con-
tent validities; however, it is likely to have content valid-
ity because the original MNA-SF had ensured construct
validity ©”. Whether its components are valid for an
individual with disabilities is a question that remains to
be evaluated.

The present study demonstrated that the GNRI with the
established criteria (92 and 98 points) is useful for detecting
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Table 3 The predictive capacity of the Mini Nutritional Assessment Short-Form (MNA-SF) and Geriatric Nutritional Risk Index (GNRI) based on the

new cut-off value

MNA-SF GNRI
0-5 6-7 8-14 <92 92 to <98 >98
Number of subjects 143 103 174 139 124 157

Discharge FIM, median (IQR)
Discharge destination, n (%)

71 (36-105)* 105 (69-119)*

119.5 (109.8-123)*

71 (35-102)* 109 (79.3-120)* 120 (110.5-123)*

Home 66 (46.1) 71 (68.9)" 152 (87.4) 62 (44.6)" 91 (73.4)° 136 (86.6)"
Long-term care 40 (28.0)" 13 (12.6)° 6 (3.4) 34 (24.5)" 15 (12.1) 10 (6.4)
Acute care hospital 37 (25.9)F 19 (18.4) 16 (9.2) 43 (30.9)" 18 (14.5) 11 (7.0)

FIM, Functional Independence Measure; IQR, interquartile range; MNA-SF.

*P < 0.001 for other groups by Kruskal-Wallis test and Dunn's test.

P < 0.05 for other groups by chi-squared test and Bonferroni correction.

P < 0.05 for the group with a score of 8-14 by the chi-squared test and Bonferroni correction.

and screening for malnutrition in older patients with stroke
in the rehabilitation phase. Initially, the GNRI was devel-
oped as an indicator of nutritional risk '®. The cut-off val-
ues of 92 and 98 were initially established from the
hypothetical combination of albumin and weight-to-ideal-
body-weight ratio and assessed predictive ability against
mortality and the risk of complications (16 However, it
cannot be assumed that it is accurate indicator of nutri-
tional status "®'”) because of its dependence on objective
biomarkers and low accuracy with respect to detecting the
reference standard of malnutrition . The reason the
GNRI exhibited fair concurrent validity in the present study
is unclear, although characteristics of malnutrition in
stroke survivors and timing of the nutritional assessment
may partially explain this inconsistency. Because malnutri-
tion in patients with stroke is primarily caused by dyspha-
gia Y, it is classified as ‘disease-related malnutrition
without inflammation’ ®®. In addition, the present study
only enrolled patients with stroke in the rehabilitation
phase. Thus, the effect of factors affecting albumin (i.e.
components of the GNRI), such as inflammation and dis-
ease stress, in this population might be weaker than in acute
or inflammatory diseases. Albumin does not indicate nutri-
tional status but instead inflammatory status **. There-
fore, it is possible that the patients screened by the GNRI
have either inflammatory disease or malnutrition. From
this standpoint, we recommend the use of MNA-SF for
patients after stroke. However, if MNA-SF cannot be used
for certain patients, the use of GNRI may be acceptable if
accompanied by assessment of hydration and inflammatory
status, as well as the presence of diseases that cause hypoal-
buminaemia. The validity of the GNRI is unclear when the
BMI is applied to ideal body weight. However, GNRI based
on a BMI of 22 kg m * showed a linear correlation with
those based on the Lorentz formula in Japanese patients
(29)Therefore, we consider that our results are valid even
when BMI is used in calculation of the GNRI.

© 2019 The British Dietetic Association Ltd.

The present study also indicated the predictive validity of
the GNRI against transfer to acute care hospital, whereas
the same was not observed with the use of the MNA-SF.
Only one ESPEN-DCM criterion (BMI <18.5 kg m ) was
an independent predictor of discharge FIM and return
home, whereas other criteria (weight loss and low BMI or
FFMI) did not predict these outcomes. Patients with stroke
often experience a reduction in their body weight, approxi-
mately 3 kg in the acute phase, particularly in those whose
body weight is higher than the normal “%. A decreased
body weight could be attributed to muscle atrophy that is
primarily caused in paretic limbs " and the diminished
nutritional intake because of dysphagia “*). Thus, it could
be hypothesised that a combination of the loss of body
weight during the acute phase and the current BMI or
FFMI reflect not only nutritional status, but also the sever-
ity of hemiparesis or a loss of body weight in overweight/
obese patients. Conversely, malnourished status at the time
of onset or stroke can predict clinical outcomes “*. Indi-
viduals with BMI <18.5 kg m > in the present study may
include patients who had developed malnutrition before
the onset of stroke; thus, the ESPEN-DCM based on low
BMI solely exerted more impact on rehabilitation out-
comes. Many previous studies employed length of hospital
stay, mortality and complication rates as outcomes of pre-
dictive validity; fewer studies used functional outcomes and
discharge destination *>. Although we consider that the
latter outcomes may be preferred to the former for predic-
inpatient rehabilitation, further
research is required to determine the appropriate outcomes

tive validity during

for validity of malnutrition screening tools in the rehabili-
tation setting.

The concurrent validity of the MNA-SF and the GNRI
needs to be re-evaluated under the international diagnos-
tic criteria for malnutrition (Global Leadership Initiative
on Malnutrition: GLIM criteria). The four scientific soci-
eties for clinical nutrition endorsed the GLIM criteria in
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Table 4 The multivariable analysis for the various outcome measures using the European Society for Clinical Nutrition and Metabolism diagnostic criteria for malnutrition (ESPEN-DCM), Mini

Nutritional Assessment Short-Form (MNA-SF) and Geriatric Nutritional Risk Index (GNRI)

GNRI®

MNA-SF*

ESPEN-DCM

6-7 <92 92 to <98

0-5

Criterion 27

Criterion 17

Overall

Outcome measures

FIM at discharge (continuous)

—2.20 (-6.22 t0 1.81) —4.85(-9.61to —0.08)*  2.12(-3.19t0 7.43) —0.48 (-5.57 to 4.61) 0.15(-4.42t04.72) —3.56(-8.66to 1.54) 2.11 (—2.26 to 6.47)

B (95% CI)Y
Discharge destination

Home

0.92 (0.46-1.87)

0.30 (0.15-0.58)* 2.12 (0.98-4.60) 0.68 (0.33-1.40) 0.80 (0.40-1.63) 0.59 (0.29-1.22)

0.63 (0.37-1.09)

OR (95% CI)?
Long-term care

1.58 (0.81-3.08) 1.39 (0.67-2.88) 1.41 (0.59-3.39) 2.04 (0.69-6.04) 1.47 (0.49-4.42) 0.80 (0.30-2.12) 0.86 (0.33-2.28)

OR (95% C)'Y

Acute care

1.89 (0.69-5.14)

2.76 (1.29-5.89)* 0.37 (0.11-1.28) 1.16 (0.44-3.05) 1.48 (0.59-3.70) 3.12 (1.09-8.92)*

1.46 (0.73-2.93)

OR (95% CIyY

B, partial regression coefficient; Cl, confidence interval; FIM, Functional Independence Measure; OR, odds ratio.

*P < 0.05.

Alternative ways for identifying malnutrition by the ESPEN-DCM: criterion 1, body mass index (BMI) < 18.5 kg m™; criterion 2, unintentional weight loss (>5% per 3 months or >10% for unde-

fined time) and low BMI (<20 kg m 2 for individuals aged <70 years or <22 kg m for those aged >70 years) or low fat-free mass index (<15 kg m™2 for females or <17 kg m2 for males).

*Reference value: 8-14 points.

SReference value: >98.

IAdjusted for age, sex, onset-admission duration, stroke type (reference: cerebral infarction) dysphagia, dyslipidaemia, prestroke activities of daily living and FIM at admission.

S. Nishioka et al.

2018 ©®. The phenotypic criteria in the GLIM criteria
(loss of body weight, low BMI and low muscle mass) are
similar to the ESPEN-DCM. However, the aetiology of
malnutrition, which is a necessary component of the
GLIM criteria, is not taken into account in the ESPEN-
DCM. Therefore, some patients who were diagnosed as
malnourished by the ESPEN-DCM might not be mal-
nourished when the GLIM criteria are applied. In addi-
tion, the present study investigated only Asian patients.
Because the cut-off value of BMI for malnutrition in the
Asian population is different from that in the Western
population ®®] the cut-off values of the MNA-SF and the
GNRI established in the present study will require further
evaluation to apply to a wider population.

The present study had several limitations. First, we did
not acquire the measured FEMI using bioimpedance analy-
sis or dual-energy X-ray absorptiometry because of the ret-
rospective nature of the study. Instead, we substituted
eFFMI for measured FFMI. Second, we could not adjust all
potential confounders, such as the severity of stroke, in the
multivariate analysis because these were not included in the
original dataset. However, we used the FIM at admission,
which correlates with the stroke severity **. Third, the pre-
sent study excluded the patients who could not be diag-
nosed with malnutrition as a result of a lack of information
regarding their usual body weight. Because the excluded
patients showed a lower MNA-SF and GNRI score, the
prevalence of malnutrition might be underestimated.
Whether this limitation could lead to a bias in the accuracy
of the MNA-SF and the GNRI against the reference stan-
dard remains unclear, although future studies employing
malnutrition screening tool(s) that do not require usual
body weight will be required. Fourth, because the present
study included only the Asian population, the cut-off values
might not be appropriate for a non-Asian population.
Lastly, our findings may need to be re-evaluated under the
GLIM criteria for malnutrition diagnosis.

In conclusion, the MNA-SF (using 5 and 7 points for
detecting malnutrition and malnutrition screening,
respectively) and GNRI (using a score of 92 and 98,
respectively) exhibit fair concurrent validity against the
ESPEN-DCM in older patients with stroke during the
rehabilitation phase. Although the GNRI indicated predic-
tive validity for transferring to an acute care hospital, the
MNA-SF did not predict any outcomes of inpatient reha-
bilitation. The findings of the present study can be gener-
alised to all patients with stroke in the sub-acute or
rehabilitation setting; however, whether these can be
applied to patients with acute stroke or to non-Asian
patients remains unclear. Hence, further studies are war-
ranted to verify the appropriateness of the cut-off value
of the MNA-SF and GNRI derived from our study for a
diverse group of patients.

© 2019 The British Dietetic Association Ltd.
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Introduction

Water is an essential nutrient for all functions of the
human body, representing 50-60% of total body mass
. Along with other functions, water supports cellular
homeostasis, transports nutrients and is a crucial compo-
. There are large differences
in the fluid intake and losses of individuals and so the

(1,2)

nent of thermoregulation

© 2019 The British Dietetic Association Ltd.

Abstract

Background: Dehydration appears to affect muscle strength and weakness,
although its influence on exhaustion remains unclear. The present study
aimed to quantify the association between hydration status and exhaustion
among older adults.

Methods: A cluster sampling approach was used, representing Portuguese
older adults (>65 years) according to age, sex, education level and region
within the Nutrition UP65 cross-sectional study. A 24-h urine sample was
collected to estimate free water reserve (FWR), which was categorised into
tertiles according to sex. Subjects with incomplete 24-h urine and renal dis-
ease were excluded. From a sample size of 1500 subjects, 1143 were eligible.
Exhaustion was self-reported according to the Center for Epidemiologic
Studies Depression Scale. A logistic regression model was conducted to eval-
uate the association between FWR and exhaustion. Odds ratios and the
respective 95% confidence intervals were calculated by sex and age.

Results: Free water reserve median (interquartile range) was 0.52 (0.68) L
in women and 0.36 (0.77) L in men. Hypohydration affected 11.6% of
women and 25.1% of men, whereas exhaustion was reported by 39.3% of
women and 25.1% of men. After adjusting for confounders, women
>80 years classified in the highest tertile of FWR showed a decreased risk of
exhaustion (third tertile: odds ratio = 0.38; 95% confidence interval = 0.15—
0.96) compared to women in the lowest FWR tertile. No such significant
association was observed in women with <80 years and in men.
Conclusions: These results show an association between worse hydration
status and exhaustion in older women, highlighting the need to implement
further studies clarifying this association.

hydration status is not uniform across populations .

Water requirement depends on several factors, such as
renal solute load, climate and physical activity, and a low
intake of total water has been associated with a number
of negative effects on health V. Dehydration, which is
‘the process of losing water and leading eventually to
hypohydration (the condition of body water deficit)’ %,
and even to mild dehydration, which is defined as a 1—
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Hypohydration and exhaustion in older adults

2% loss in body mass caused by fluid loss, affects overall
health and increases various morbidities ).

The adequate total water intake for men is estimated to
be 2.5 L day ' and 2.0 L day ™' for women  although
the daily water supply of the older population is frequently
lower than the recommended . Older persons have a def-
icit in thirst and regulation of fluid intake — the thirst
response is less effective as a result of changes in the activ-
ity of osmoreceptors and, consequently, a decrease in fluid
intake ). Also, the loss of fluid may not be as well con-
trolled, the fluid reserve is smaller and the kidney functions
decline, such that the ability to concentrate urine and
retain fluids falls **). Furthermore, the hydration risk can
be exacerbated by the use of diuretics and a wide range of
medications, commonly used by older people '?’. These
changes lead to an increased risk of hypohydration and
some of the symptoms are connected to impaired func-
tional status, physical performance and the development of
several diseases 'V,

Muscle performance declines with ageing and a hypohy-
drated status appears to lead to a decrease in muscle strength
(12) although how hydration status impacts exhaustion and
wellness remains unclear '), Therefore, the present study
aimed to quantify the association between hydration status
and perceived exhaustion among older adults.

Materials and methods

Study design and sampling

This cross-sectional observational study was conducted in
a sample of 1500 Portuguese subjects >65 years old
between December 2015 and June 2016, according to
“The Nutrition UP 65 Study Protocol’ ',

A nationally representative sample of Portuguese older
adults was achieved in terms of sex, age, education level and
regional area defined in the Nomenclature of Territorial
Units for Statistical Purposes (NUTS II) ">, The study sam-
ple comprised community-dwelling older adults (95%) and
individuals institutionalised in retirement homes (5%) a3,

A random, stratified and clustered sampling method
was applied. The potential participants were contacted by
telephone, home approach or via institutions from inter-
viewers who provided information about the study and
invited them to participate. Individuals were considered
eligible to participate if they had Portuguese nationality
and if they were aged >65 years. Exclusion criteria were
having any condition that precluded the collection of
urine (e.g. dementia or urinary incontinence).

Data collection and variable definition

Sociodemographic and lifestyle characteristics, clinical his-
tory, nutritional status and physical activity were collected
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using a structured questionnaire applied by trained inter-
viewers.

Sociodemographic data included information on sex,
age and marital status. To analyse marital status, partici-
pants were grouped into two categories: single, divorced or
widowed versus married or in a common-law marriage.

Lifestyle data included information on physical activity
assessed by the short form of the International Physical
Activity Questionnaire (IPAQ) a4, Participants were clas-
sified as either presenting low physical activity levels
[<383 kcal week ! (men) and <270 kcal week !

(women)] or normal physical activity levels
[>383 kcal week ! (men) and  >270 kcal week !
(women)] .

Clinical data included medication and supplements
assessed by self-reporting. Subjects with renal disease were
excluded. The health status was also self-reported and
classified by participants as very good, good, moderate
bad or very bad.

Body weight and standing height were assessed and body
mass index was computed using the standard formula
[body weight (kg)/standing height2 (m)]. World Health
Organization cut-offs were used to define underweight
(<18.5 kg m~?), normal weight (18.5-24.9 kg m~?), over-
weight (25.0-29.9 kg m ?) and obesity (>30.0 kg m %)
(15 Only two participants were classified as underweight
and therefore underweight and normal weight participants
were grouped into one category. Undernutrition was
assessed by the Portuguese version of the Mini-Nutritional
Assessment — Short-Form and participants were consid-
ered undernourished if the final score was <7 points and at
risk of undernutrition if the final score was between 8 and
11 points. Participants with a score >12 points were classi-
fied without undernutrition risk/undernutrition '®.

Self-reported exhaustion was assessed using two items
from the Center for Epidemiologic Studies Depression
Scale 7. The following two statements were read: (i) I felt
that everything I did was an effort and (ii) I could not get
going. Participants were asked ‘How often in the last week
did you feel this way?’ and the response was classified as:
0 = rarely or none of the time (<1 day); 1 = some or little
of the time (1-2 days); 2 = a moderate amount of the time
(3-4 days); or 3 = most of the time (>4 days). The
exhaustion criteria were considered present if the partici-
pant answered 2’ or ‘3’ to either of these questions ',
According to Fried, self-reported exhaustion reflects poor
endurance and energy. Self-reported exhaustion is associ-
ated with stage of exercise reached in graded exercise test-
ing, as an indicator of VO, max, and is predictive of
cardiovascular disease '),

A 24-h urine sample was collected for each participant.
The study interviewers gave the participants oral and
written instructions detailing the collection and adequate

© 2019 The British Dietetic Association Ltd.



I. Anjo et al.

storage procedures for the 24-h urine volume. A leaflet
was distributed to all participant/caregiver regarding how
to proceed for a valid collection and adequate storage of
the volume of 24-h urine. Participants/caregivers were
taught to discard the first morning void and to collect all
urine over the following 24 h, including the first void on
the following morning, and to keep note of the time of
the start and end of collection. A 24-h urine container
(3 L) was also provided.

The following urinary markers were quantified by a
certified laboratory: urine volume (mL), urinary crea-
tinine (mg day ') and urine osmolality (mosmol kg ).
Urinary creatinine was measured by the Jaffe method and
osmolality was evaluated using an automatic osmometer.
A urine sample was considered inadequate if the crea-
tinine level was <0.4 g/24 h for women and <0.6 g/24 h
for men or if the volume collected was <500 mL %2,

Hydration status was evaluated based on the concept of
free water reserve (FWR) (mL/24 h) calculated by sub-
tracting 24-h urine volume to obligatory urine volume
[solutes in urine 24 h (mosmol dayfl)/
830 — 3.4 x (age —20)] “*"*?. The participant was
considered as euhydrated if FWR was positive or hypohy-
drated/at hypohydration risk if FWR was negative %,

Statistical analysis

Categorical variables were reported as frequencies. FWR
was described as the median and interquartile range
(IQR). Participants were compared across tertiles of FWR
and exhaustion status for several sociodemographic, life-
style, clinical and nutritional characteristics using the
Kruskal-Wallis test for continuous variables and the Pear-
son chi-squared test for categorical variables.

Binary logistic regression models were conducted to
evaluate the association between perceived exhaustion
and tertiles of FWR, adjusting for possible confounders.
Odds ratio (OR) and respective 95% confidence intervals
(95% CI) were calculated. P < 0.05 was considered statis-
tically significant.

Statistical analyses were conducted using spss, version
24.0 (IBM Corp., Armonk, NY, USA).

Sensitivity analysis

We further tested the association between perceived
exhaustion and tertiles of FWR excluding participants
with self-reported chronic back pain (n = 756).

Ethical approval
The study protocol was approved by the Ethics Commit-

tee of the Department of Social Sciences and Health from

© 2019 The British Dietetic Association Ltd.
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the Faculty of Medicine of the University of Porto (no.
PCEDCSS — EMUP 15/2015) and by the Portuguese
National Commission of Data Protection (no. 9427/2015)
and was conducted in accordance with the guidelines
established by the Declaration of Helsinki. All participants
were asked to read and sign a duplicated informed con-
sent form.

Results

From the 1500 subjects recruited, 178 participants were
excluded because urine samples were incomplete and 137
reported kidney disease, whereas 35 participants were
excluded because they were not aware if they had that
condition. Three participants did not complete the
depression scale. For the other four participants, it was
either not possible to measure or to estimate weight.
Therefore, the final study sample comprised 1143 partici-
pants. A higher proportion of participants with inade-
quate 24-h urine collection among participants were
living in retirement homes compared to those living in
their own home (11.7% versus 3.9%, P < 0.001).

The characteristics of the 1143 subjects across tertiles of
FWR and perceived exhaustion, according to sex are pre-
sented in Tables 1 and 2. Age ranged from 65 to 94 years
with a median (IQR) equal to 73 (10.0) years and with
women representing a higher proportion of the sample
(55.7%).

FWR median (IQR) was 0.52 (0.68) L in women and
0.36 (0.77) L in men. The oldest women (>85 years) pre-
sented a lower median FWR compared to women
<80 years old (0.39 versus 0.54, P = 0.015), whereas no
such difference was observed among men (0.43 versus 0.34,
P = 0.092). Hypohydration affected 11.6% of women and
25.1% of men (P < 0.001). Exhaustion was reported by
39.3% of women and 25.1% of men (P < 0.001).

Higher proportions of women with normal physical
activity, with a very good or good self-perception of
health status and without exhaustion were found in the
highest FWR tertile (Table 1). Most women aged 65—
79 years, with normal physical activity, without undernu-
trition, with a very good/good self-perception of health
status and included in the last FWR tertile did not report
exhaustion (Table 1).

In men, higher proportions of participants married or
in a common-law marriage, with normal physical activity,
with an inadequate salt intake and without using diuretics
were found in the first FWR tertile (Table 2). Most men
with normal physical activity, without undernutrition and
with a very good/good self-perception of health status did
not report exhaustion (Table 2).

Significant differences according to physical activity
and self-perception of health status were found between
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Table 1 Sociodemographic, lifestyle, clinical, anthropometric and nutritional characteristics of 638 Portuguese older women (>65 years old)

according to FWR tertiles (L)

First tertile,  Second tertile, Third tertile, With Without
<0.306 L 0.306-0.768 L >0.768 L exhaustion  exhaustion
Participants’ characteristics (n=212) (n=214) (n=212) P (n = 251) (n = 387) P
Age (years), n (%)
65-79 153 (72.2) 159 (74.3) 171 (80.7) 0.105 169 (67.3) 314 (81.1) <0.001
>80 59 (27.8) 55 (25.7) 41 (19.3) 82 (32.7) 73 (18.9)
Marital status, n (%)
Single/divorced/widowed 127 (59.9) 129 (60.3) 132 (62.3) 0.867 163 (64.9) 225 (58.1) 0.097
Married/common-law marriage 85 (40.1) 85 (39.7) 80 (37.7) 88 (35.1) 162 (41.9)
Physical activity (IPAQ) (kcal week™), n (%)
Normal (men < 383; women < 270) 180 (84.9) 168 (78.5) 188 (88.7) 0.015 183 (72.9) 353(91.2) <0.001
Low (men > 383; women >270) 32 (15.1) 46 (21.5) 24 (11.3) 68 (27.1) 34 (8.8)
Body mass index, n (%)
Underweight/normal 32 (15.1) 33 (15.4) 29 (13.7) 0.192 33 (13.1) 61 (15.8) 0.102
Overweight 80 (37.7) 88 (41.1) 104 (49.1) 98 (39.0) 174 (45.0)
Obesity 100 (47.2) 93 (43.5) 79 (37.3) 120 (47.8) 152 (39.3)
Nutritional status (MNA-SF), n (%)
Without undernutrition 174 (82.1) 174 (81.3) 187 (88.2) 0.106 189 (75.3) 346 (89.4) <0.001
With risk of undernutrition or undernourished 38 (17.9) 40 (18.7) 25 (11.8) 62 (24.7) 41 (10.6)
Season urine sample collection, n (%)
Autumn/winter 124 (58.5) 138 (64.5) 128 (60.4) 0.430 162 (64.5) 228 (58.9) 0.159
Spring/summer 88 (41.5) 76 (35.5) 84 (39.6) 89 (35.5) 159 (41.1)
Salt intake (g), n (%)
Adequate (<5) 49 (23.1) 38 (17.8) 46 (21.7) 0.370 56 (22.3) 77 (19.9) 0.486
Inadequate (=5) 163 (76.9) 176 (82.2) 166 (78.3) 195 (77.7) 310 (80.1)
Diuretics use, n (%)
Yes 33 (15.6) 33 (15.4) 41 (19.3) 0.472 42 (16.7) 65 (16.8) 1.000
No 179 (84.4) 181 (84.6) 171 (80.7) 209 (83.3) 322 (83.2)
Self-perception of health status, n (%)
Very good/good 64 (30.2) 46 (21.5) 67 (31.6) 0.027 38 (15.1) 139(35.9) <0.001
Reasonable 103 (48.6) 113 (52.8) 113 (53.3) 131 (52.2) 198 (51.2)
Bad/very bad 45 (21.2) 55 (25.7) 32 (15.1) 82 (32.7) 50 (12.9)
Exhaustion (questions), n (%)
Yes 87 (41.0) 95 (44.4) 69 (32.5) 0.036 - - -
No 125 (59.0) 119 (55.6) 143 (67.5)
Free water reserve (L), n (%)
First tertile (<0.306) - - - - 87 (34.7) 125 (32.3) 0.036
Second tertile (0.306-0.768) 95 (37.8) 119 (30.7)
Third tertile (>0.768) 69 (27.5) 143 (37.0)

IPAQ, International Physical Activity Questionnaire; MNA-SF, Mini-Nutritional Assessment — Short-Form.

tertiles of FWR and reported exhaustion in both sexes.
These variables were used in the multivariate analysis. Salt
intake and diuretic use were also included as potential
confounders for both sexes.

Women >80 years old classified in the last tertile of
FWR showed a decreased risk of perceived exhaustion
(third tertile: OR = 0.34; 95% CI = 0.15-0.79) compared
to women in the first FWR tertile. This association
remained statistically significant even after being
adjusted for confounders (third tertile: OR = 0.38; 95%
CI = 0.15-0.96). No such significant association was
observed in women aged <80 years, nor
(Table 3).

in men
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The results were consistent with the primary analyses
when participants with chronic back pain were excluded.

Discussion

The present study provides the first reported evidence on
the relation between hydration status and self-reported
exhaustion among older adults and shows that better
hydrated oldest old women have a decreased risk of per-
ceived exhaustion.

Although the role of water and hydration in physical
functions has been of considerable interest to the scien-
tific community, the effect of water and hydration on

© 2019 The British Dietetic Association Ltd.
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Table 2 Sociodemographic, lifestyle, clinical, anthropometric and nutritional characteristics of 505 Portuguese older men (>65 years old)

according to FWR tertiles (L)

First tertile,  Second tertile, Third tertile, With Without
<0.107 L 0.107-0.626 L  >0.626 L exhaustion  exhaustion
Participants’ characteristics (n = 168) (n = 169) (n = 168) P (n=127) (n =378) P
Age (years), n (%)
65-79 144 (85.7) 131 (77.5) 134 (79.8) 0.140 101 (79.5) 308 (81.5) 0.695
>80 24 (14.3) 38 (22.5) 34 (20.2) 26 (20.5) 70 (18.5)
Marital status, n (%)
Single/divorced/widowed 43 (25.6) 65 (38.5) 60 (35.7) 0.031 43 (33.9) 125 (33.1) 0.913
Married/common-law marriage 125 (74.4) 104 (61.5) 108 (64.3) 84 (66.1 253 (66.9)
Physical activity (IPAQ) (kcal week™), n (%)
Normal (men <383; women <270) 156 (92.9) 136 (80.5) 146 (86.9) 0.004 97 (76.4 341 (90.2) <0.001
Low (men >383; women >270) 12 (7.1) 33 (19.5) 22 (13.1) 30 (23.6 37 (9.8)
Body mass index, n (%)
Underweight/normal 26 (15.5) 32 (18.9) 33 (19.6) 0.146 19 (15.0) 71 (19.0) 0.066
Overweight 80 (47.6) 90 (53.3) 94 (56.0) 60 (47.2) 204 (54.0)
Obesity 62 (36.9) 47 (27.8) 41 (24.4) 48 (37.8) 102 (27.0)
Nutritional status (MNA-SF), n (%)
Without undernutrition 149 (88.7) 153 (90.5) 149 (88.7) 0.819 105(82.7) 346 (91.5) 0.008
With risk of undernutrition or undernourished 19 (11.3) 16 (9.5) 19 (11.3) 22 (17.3) 32 (8.5)
Season urine sample collection, n (%)
Autumn/winter 51 (30.4) 58 (34.3) 51 (30.4) 0.665 38 (29.9) 122 (32.3) 0.660
Spring/summer 117 (69.6) 111 (65.7) 117 (69.6) 89 (70.1) 256 (67.7)
Salt intake (g), n (%)
Adequate (<5) 7 (4.2) 21(12.4) 12 (7.1) 0.018 12 (9.4) 28 (7.4) 0.452
Inadequate (>5) 161 (95.8) 148 (87.6) 156 (92.9) 115 (90.6) 350 (92.6)
Diuretics use, n (%)
Yes 9 (5.4) 21(12.4) 26 (15.5) 0.010 15 (11.8) 41 (10.8) 0.746
No 159 (94.6) 148 (87.6) 142 (84.5) 112 (88.2) 337 (89.2)
Self-perception of health status, n (%)
Very good/good 77 (45.8) 67 (39.6) 63 (37.5) 0.617 34 (26.8) 173 (45.8)  <0.001
Reasonable 74 (44.0) 82 (48.5) 84 (50.0) 64 (50.4) 176 (46.6)
Bad/very bad 17 (10.1) 20 (11.8) 21(12.5) 29 (22.8) 29 (7.7)
Exhaustion (questions), n (%)
Yes 38 (22.6) 49 (29.0) 40 (23.8) 0.357 - - -
No 130 (77.4) 120 (71.0) 128 (76.2)
Free water reserve (L), n (%)
First tertile (<0.306) - - - - 38 (29.9) 130 (34.4) 0.357
Second tertile (0.306-0.768) 49 (38.6) 120 (31.7)
Third tertile (>0.768) 40 (31.5) 128 (33.9)

IPAQ, International Physical Activity Questionnaire; MNA-SF, Mini-Nutritional Assessment — Short-Form.

psychomotor skills in older population is still unclear.
One of the characteristics of the ageing process is a
reduction of muscle strength, power and endurance. A
recent study has demonstrated that hypohydration
decreases muscle endurance by 8% and strength and
aerobic power by 6% in younger adults . Although
data in older adults are scarce, the present study reveals
that the participants who reported exhaustion were
shown to be less physically active, which may be associ-
ated with difficulties at the muscle level. An appealing
hypothesis to explain this relationship is that worse
hydration may alter neuromuscular functions and per-

formance as a result of an impaired excitation—

© 2019 The British Dietetic Association Ltd.

contraction coupling ¥, In the ageing muscle, a

reduced homeostatic capacity for intracellular calcium
movement has been demonstrated to reduce contractile
dysfunction ®***. This hypothesis led us to assume that
hypohydration could be detrimental to muscle exercise
capacity and exacerbate the effect of exhaustion in older
adults. Otherwise, muscle mass, which is rich in fluid
stores, decreases with ageing and leads to a reduced
fluid reserve .

Although the construct underlying the definition of
exhaustion used in the present study is based on physical
issues, we cannot rule out the possibility that, in some
situations, it may be interpreted as psychological.
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Table 3 Binary logistic regression model results for the association between perceived exhaustion and FWR tertiles (L) and for 1143 Portuguese

older adults (>65 years old)

65-79 years (n = 892)

>80 years (n = 251)

Exhaustion Exhaustion
Crude OR Adjusted OR Crude OR Adjusted OR
Free water eeserve (95% ClI) Ptrend (95% Cl) Ptrend (95% ClI) Ptrend (95% Cl) P trend
Women (n = 638)
First tertile (n = 212) 1 0.656 1 0.759 1 0.014 1 0.049
Second tertile (n = 214)  1.14 (0.72-1.82) 1.09 (0.67-1.77) 1.29 (0.61-2.74) 1.07 (0.45-2.51)
Third tertile (n = 212) 0.92 (0.58-1.46) 0.94 (0.58-1.52) 0.34 (0.15-0.79) 0.38 (0.15-0.96)
Men (n = 505)
First tertile (n = 168) 1 0.901 1 0.625 1 0.551 1 0.960

Second tertile (n = 169)
Third tertile (n = 168)

1.23(0.71-2.11)
0.97 (0.56-1.70)

1.178 (0.67-2.08)
0.875 (0.49-1.57)

2.60 (0.73-9.22)
1.80 (0.48-6.71)

1.23 (0.27-5.58)
1.11 (0.24-5.25)

OR, odds ratio; Cl, confidence interval.

In older adults, mild dehydration has also been
revealed to be a predictor of progressive deterioration of
cognitive function ®® and the feeling of exhaustion can
be a consequence of cognitive or psychological exhaus-
tion. It has been reported that hypohydration can influ-
ence cognitive status by producing disruptions in mood
and cognitive functioning, such as concentration, alert-
ness and short-term memory, in older adults *”’. The sci-
entific literature indicates that a progressive impairment
in short-term memory and visual function is exhibited
once 2% of body fluid deficit is achieved in healthy adults
subjects *). It was been proposed that physiological acute
stressors such as mild dehydration compete for attention
and awareness with parallel processes occurring in other
cognitive domains compromises overall cognitive perfor-
mance . Nevertheless, research on this hypothesis is
limited.

In the present study, we can observe a gender differ-
ence in hydration status, which is in accordance with the
results from other populations " and reflects a lower
intake of water in men. Other differences between sexes
may contribute to explaining why the association between
hydration and exhaustion was only found in women,
such as the fact that men are physically more active and
have a better muscular performance. On the other hand,
self-perceived health status, which is a predictor of physi-
cal and psychological functioning, declines with age and
varies by gender: psychological exhaustion appears to be
more frequent in women ¥

There is some evidence that total water intake decreases
with ageing . A study from Volkert et al. (2005)
showed that the oldest adults (=85 years) had the lowest
water intakes and, consequently, a worse hydration status
(9 which is in line with the present study. Thus, because
hypohydration can influence the self-perception of health
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status and cognition and the oldest women in general
reveal a greater physical and psychological exhaustion, a
condition of hypohydration can indirectly enhance the
feeling of exhaustion.

Although a single period of 24-h urine collection may
not represent an individual’s normal behaviour, it is
expected that the mean values in large sample sizes, such as
that employed in the present study, represent the group. In
addition, 24-h urine is considered as the gold standard for
assessing urine concentration V. Specifically, FWR is con-
sidered as a useful marker to quantify individual 24-h
hydration status and identify subjects at risk of hypohydra-
tion V. It “‘corresponds to the difference between the mea-
sured urine volume and the ideal urine volume necessary
to excrete the actual 24-h urine solutes in subjects consum-
ing a typical affluent Western type diet’ *?. In addition,
having considered potential confounders such as taking
diuretics, salt intake, physical activity and self-perception
of health status were crucial when studying the association
between hydration status and exhaustion. The present
study was conducted with a sample of 1143 older adults
and the possibility of type II error cannot be discarded.
Also, the possibility that this sample can be biased towards
a more responsive group of older adults cannot be ruled
out because the recruitment methodology used did not
allow us to calculate response rate and the reasons for refu-
sal. Furthermore, the community of participants is a com-
munity that is likely to be healthier once it has become
available to participate in the study and therefore can posi-
tively overestimate the self-perception of the health status
of the Portuguese elderly population.

The importance of water to our health is crucial to
understanding how some morbidities can be associated
with hydration status. Several studies have demonstrated a
positive effect of increasing water intake on physical and

© 2019 The British Dietetic Association Ltd.
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cognitive functioning, which emphasises the role of hydra-
tion with respect to exhaustion status “®*”), Even though
causality cannot be established, the present study highlights
the need for and the importance of deepening research on
the association of hydration status and physical and cogni-
tive function in relation to perceived exhaustion among
older persons, in that hypohydration is a potentially modi-
fiable risk factor. Preventing exhaustion involves providing
a good hydration status, aiming for an adequate fluid
intake, as well as the development of ways of screening that
encourage older people and their caregivers to achieve and
sustain an adequate hydration status.

The results obtained in the present study show an asso-
ciation between a worse hydration status and self-re-
ported exhaustion in the oldest women among a group of
older adults, highlighting the need to implement further
studies clarifying this association.
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Introduction

Abstract

Background: Despite policy guidance and quality standards, the majority of
older adults with or at risk of malnutrition living in the community still
remain under-detected and under-treated by health and social care profes-
sionals. The present study aimed to evaluate the concurrent validity of the
Patients Association Nutrition Checklist against the ‘Malnutrition Universal
Screening Tool’ (‘MUST’).

Methods: This cross-sectional study involved 312 older adults recruited
from 21 lunch and social groups. All participants were screened as per stan-
dard methodology for ‘MUST’. For the Patients Association Nutrition
Checklist, they provided information about signs of unintentional weight
loss in the past 3—6 months, experiencing loss of appetite or interest in eat-
ing. Chance-corrected agreement (k) was assessed.

Results: Mean (SD) age of participants was 79.6 (8.3) years and body mass
index was 27.8 (5.6) kg m . The majority (n = 197; 63%) were living
alone. Using ‘MUST’, the overall prevalence of malnutrition was 9.9%
(n =31) comprising 6.7% at medium risk and 3.2% at high risk. There
were 21.8% of participants (n = 68) rated at risk of overall malnutrition by
the Patients Association Nutrition Checklist. Moderate agreement was
observed between the two tools (k = 0.47, P < 0.001).

Conclusions: The Patients Association Nutrition Checklist has potential for
early identification of malnutrition risk, attributed to unintentional weight
loss and appetite changes with signposting to basic dietary advice and
appropriate support. Further work is required to understand how this tool
could be effectively used by stakeholders including volunteers, community
workers and home care staff.

malnutrition, equating to around one million older people
), Malnutrition is costly ) and has many negative conse-

With an ageing population across Europe V), older adults
over 65 years living in the community are at risk of malnutri-
tion (as undernutrition) which stems from inter-related med-
ical (disease-related), physical and social factors .
Currently, it is estimated that one in 10 people aged over

65 years in the UK are poorly nourished or at risk of

quences that not only affect the individual, but also impose
an enormous strain on healthcare resources as a result of
delayed recovery from illness, increased need for health care
provision at home, more frequent visits by nurses and a
greater number of hospital admissions ), Malnutrition can
be prevented by tackling both its causes and consequences

© 2019 The Authors. Journal of Human Nutrition and Dietetics published by John Wiley & Sons Ltd 31
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Validation of nutrition checklist with 'MUST'

through screening and early intervention, and the benefits of
treating malnutrition far outweigh the costs .

Many national and international guidelines recom-
mend undertaking a simple nutrition screening proce-
dure to identify those who are at risk *~'%). Various
nutrition screening tools have been validated to detect
the risk of developing malnutrition in older adults
() Validated tools for use in community-living older
adults include the ‘Malnutrition Universal Screening
Tool’ (‘MUST’) **), the Mini Nutritional Assessment
Short Form (MNA-SF) ®) and the Seniors in the
Community: Risk Evaluation for Eating and Nutrition
(SCREEN 11) 7. The purpose of screening tools is
to identify risk factors that may lead to the develop-
ment of malnutrition and the need for further assess-
ment %,

Despite these different tools, malnutrition still remains
under-detected and under-treated, with less focus on
using validated tools for community-dwelling adults com-
pared to screening in hospital settings *. Healthcare
staff providing care and treatment within community set-
tings who already review and manage older people are in
a prime position to perform routine nutrition screening
as part of practice '”). Yet there remain constraints for
identifying and treating malnutrition. The barriers faced
by staff that impact on the incorporation of nutrition
screening in their practice include limited time to screen
and treat, low-prioritisation of nutrition, organisational
culture, ease and acceptability of the ‘MUST’ screening
tool, lack of knowledge and skills, improving communica-
tion between care settings (1920 Thys, there is a need to
consider other approaches that could support and enable
the identification of malnutrition. If older people could
reliably be identified by a simple valid tool to highlight
‘clinical concern’, the tool could act as a prompt to
screen using a validated screening tool such as the
‘MUST’ which would conform with National Institute of
Health and Clinical Excellence clinical guidance “?. As
such, the tool could also have the potential to identify
older people at risk earlier, help reduce growing health
and social care costs and improve the quality of life for
older people.

In recent years, the Patients Association has raised con-
cerns about malnutrition in the UK and identified the
need for a less ‘clinical tool’ which can be used in many
settings to help encourage conversations about weight
and nutrition and lead people towards established tools
and guidance. In 2015, the Patients Association under-
took a project working with the Malnutrition Pathway
(Managing Adult Malnutrition in the Community) with
an aim to produce a simple nutrition checklist for health
and social care professionals to use with patients/carers
and one for patients/carers "

J. L. Murphy et al.

Developed by the Patients Association with Dietitians,
the early checklist was launched in December 2016 fol-
lowing extensive testing and modification with patients,
relatives and with clinicians and volunteers working with
older people *?). Staff involved in the pilots said that the
Patients Association Nutrition Checklist was simple and
easy for anyone to use, was effective because it did not
require devices for measuring weight and height or the
ability to calculate percentages and has the benefit to start
an informal conversation with people to identify risk and
signposting as appropriate.

Working in collaboration with the Patients Association,
the Wessex Academic Health Science Network Nutrition
in Older People programme further developed this early
version. They adapted it for use by people with care
responsibilities including volunteers, community workers
and home care staff to raise awareness and identify the
risk of malnutrition with signposting to appropriate
guidance and support for nutrition. It is primarily
intended for people over 65 living in the community and
has been pilot tested with several health, social care and
voluntary sector providers. The final version was pub-
lished in 2018 *2.

The present study aimed to investigate the concurrent
validity of the Patients Association Nutrition Checklist
against ‘MUST’ to assess whether the same people can be
identified as malnourished. Concurrent validity involves
comparison of the tool with another validated criterion
measure and is assessed by kappa (), a chance-corrected
measure or agreement. The ‘MUST” was chosen because
it is the most widely used validated screening tool by
healthcare professionals to screen adults for malnutrition
in the UK ¥,

Materials and methods

Study design and participants

This cross-sectional study was conducted in community
centres across Southern England between January and
May 2018. Participants were excluded if they were
<65 years, non-English speaking or wunable to give
informed consent. The Research and Ethics Committees
of Bournemouth University and University of Southamp-
ton gave approval. Written informed consent was
obtained from all the participants.

Nutrition screening tools

The ‘MUST’ "®) is designed for use across care and com-
munity settings and consists of a body mass index (BMI)
category (BMI < 20 kg m? indicates at risk), a weight
loss category (unintentional weight loss during the past
3-6 months; ie. >5% indicates at risk) and an acute
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disease effect score. A total score of one indicates medium
risk (i.e. BMI 18.5-20 kg m > or unplanned weight loss
5%-10%) and a score of two or more is indicative of
high malnutrition risk (i.e. either BMI < 18.5 kg m 2,
unplanned weight loss of >10% or BMI 18.5-20 kg m >
and unplanned weight loss of 5%-10%). Height was mea-
sured to the nearest 0.1 cm using a portable, free-stand-
ing stadiometer (Seca Seca,
Hamburg, Germany), standard
methodology '*. Body weight was measured to the near-
est 0.1 kg (calibrated SECA class III digital weighing
scales were used and calibrated at the start of the study).
BMI (kg m2) was calculated and scored from weight
(kg) divided by the square of height (m?) to determine
BMI. Where weight and height were unable to be mea-
sured, mid upper-arm circumference was measured (us-
ing a tape measure) to provide a general indication of
BMI score. Where height could not be measured, ulna
length was measured using a tape measure.

The Patients Association Nutrition Checklist has two
parts *?. Section A has four key questions to focus dis-
cussions around weight loss (self-reported) and nutrition
and aims to identify whether someone is ‘at risk’ of

Leicester stadiometer;
in accordance with

undernutrition. Section B consists of additional focussed
questions on nutrition and eating and provides clear
advice and signposting to appropriate support for older
people living in the community. The four key questions
(from Section A) were validated against ‘MUST".

Investigators and training

Two trained researchers (AA and AG) collected the nutri-
tion screening data. One of the trained researchers was a
registered dietitian (AA) and the other researcher (AG) has
experience of working with older people in the community.
The researchers administered the screening using both
tools on the same occasion. The participants were asked to
answer questions from Part A of the Patients Association
Nutrition Checklist and were then screened using ‘MUST".
Any of the participants identified to be at medium or high

Validation of nutrition checklist with 'MUST"

The same exclusion criteria were used as the main study
and all of the participants provided their written
informed consent to participate in the study. The assess-
ment using the Patients Association Nutrition Checklist
was carried out at the beginning of the session and
repeated either at the end of the session or at the next
one they attended no more than 1 week later.

Statistical analysis

All analyses were carried out using spss, version 23.0 (IBM
Corp., Armonk, NY, USA). Normally distributed continu-
ous variables were presented as the mean (SD), whereas
categorical variables are absolute and relative (%) frequen-
cies. P < 0.05 (two-sided) was considered statistically sig-
nificant. Kappa was used to determine the levels of
agreement and chance-corrected agreement (k) between
‘MUST’ and the Patients Association Nutrition Checklist.
The following ranges of agreement (k) were used: fair
0.21-0.4, moderate 0.41-0.6, substantive 0.61-0.8, and
0.81-1.00, almost perfect *®. Power calculations suggested
that, for an assumed malnutrition prevalence of 15%, a
sample size of at least 300 people was needed to detect a
chance-corrected agreement of k¥ = 0.90 with 80% power
[confidence interval (CI) = 0.95, CI width 0.1] ?”.

Results

Study population

The present study involved 312 participants from 21 lunch
and social groups across Dorset (n = 140) and Hampshire
(n =172). Table 1 shows the demographic and anthropo-
metric characteristics. Most (74.7%) of the participants
were women and the mean (SD) age was 79.6 (8.3) years
(range 65—84 years). There was an almost three-fold range
in BMI (15.1-53.4 kg m 2) and a mean (SD) BMI of 27.8
(5.6) kg m . Participants were also asked to rate their

Table 1 Characteristics of the study participants (n = 312)

) o ) K A Variable Mean (SD) Range
risk of malnutrition were provided with the Older People’s
Essential Nutrition leaflet ** and advice to visit their gen- Age 79.6 (8.6) 65-98
eral practitioner or practice nurse to discuss their screening Fenlwals % (n = 233) =3
result further. A measure of health-related quality of life Male % (n = 79) 25.3

d using EQ-5D-3L (25) Weight (kg) 75.5 (55.5) 35.7-133.0
was assessed using : Height (m) 1.6 (0.1) 1.40-1.9
Body mass index 27.8 (5.6) 15.1-53.4

Test—retest reliability of the Patients Association nglbemg (1-10) 7607
Nutriti Checklist Living status

utriion heckhis Alone % (n = 200) 64.1
The test—retest reliability of the Patients Association Other % (e.g. warden assisted) =
Nutrition Checklist was assessed in a group of partici- (,n =4 :

f h R S h With Family % (n = 23) 7.4

pants from the same community centres across Southern With Partner % (n = 85) 272
England as the main study between June and July 2019.
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wellbeing on a scale of 1-10, with 1 being their worst
health score and 10 being their best health score. The
mean (SD) wellbeing score using EQ-5D-3L was 7.6 (1.7)
and the majority (n = 200; 64.1%) of participants were
living alone, with the rest living with partner (27.2%),
family (7.4%) and other (e.g. warden-assisted) (1.3%).

Prevalence of malnutrition using ‘MUST’

The overall prevalence of malnutrition using ‘MUST” was
9.9% (n = 31), comprising 6.7% at medium risk and
3.2% at high risk (Table 2). Of these participants 42%
(n=13) scored at step 1 BMI. The majority (69%,
n =9) scored 1 and 31% (n = 4) scored 2. There were
71% (n = 22) of participants who scored at step 2 for
unintentional weight loss. There were 68% (n = 15) who
scored 1 and 32% (n = 7) who scored 2.

Prevalence of malnutrition using Patients Association
Nutrition Checklist

There were 21.8% of participants (n = 68) rated at risk of
malnutrition by the Patients Association Nutrition Check-
list (Table 3). Of these, 34% (n = 23) scored ‘Yes’ or
‘Don’t know’ on question 1 (concerns about being under-
weight or need nutritional advice) and 44% (n = 30)
scored ‘Yes’ or ‘Don’t know’ on question 2 (loss of weight
unintentionally in the past 3—6 months), 54% (n = 37)
scored ‘Yes' or ‘Don’t know’ on question 3 (clothes or
rings have become loose recently), and 56% (n = 38)
scored ‘Yes’ or ‘Don’t know’ on question 4 (recent loss of
appetite and interest in eating). There were seven partici-
pants who answered ‘don’t know’ to at least one question.
Of these, three answered ‘yes’ to at least one other ques-
tion of the four. There were only two participants (0.6%)

who answered ‘don’t know’ to question 1, seven
Table 2 Assessment of malnutrition using ‘MUST’
n (%)

MUST malnutrition risk

Overall prevalence 31 (9.9)

Medium risk = 1 (observe) 21 (6.7)

High risk = 2 (treat) 10 (3.2)
Step 1 BMI (kg m™2)

Overall prevalence 13 (42)

Score of 1 only (18.5-20) 9 (69)

J. L. Murphy et al.

Table 3 Overall prevalence of malnutrition using Patients Association
Nutrition Checklist: number of participants who answered ‘yes’ or
‘don’t know' to each question

n (%)

Patients Association Nutrition Checklist malnutrition risk

Overall prevalence 68 (21.8)

Scored yes to question 1: Concerns about being 23 (34)

underweight or need nutritional advice

Scored yes or ‘don’t know’ to question 2: Loss of 30 (44)

weight unintentionally in past 3-6 months

Scored yes to question 3: Clothes or rings have 37 (54)

become loss recently

Scored yes to question 4: Recent loss of appetite 38 (56)

and interest in eating

participants (2.2%) who answered ‘don’t know’ to ques-
tion 2, and only one participant (0.3%) who answered
‘don’t know’ to question 4. None of the participants
answered ‘don’t know’ to question 3.

Concurrent validity of the ‘MUST’ with the Patients
Association Nutrition Checklist

The ‘MUST’ and Patients Association Nutrition Checklist
showed a moderate level of agreement beyond chance
within the range 0.41 to 0.60 (x = 0.47 SE = 0.064;
P < 0.001). Overall, there were 37 participants (11.9%)
who were identified at risk using Patients Association
Nutrition Checklist but were not identified for ‘MUST’
(Table 4). There were four discrepancies (12.9%) for the
categorisation between ‘MUST’ and Patients Association
Nutrition Checklist. On further exploration of the data,
the reasons for the discrepancy were attributed to partici-
pants having no change in weight and that they had
always been slim. Their ‘MUST” scores were 1 and attrib-
uted to low BMI ranging from 18.7 to 19.9 kg m™>.

Test-retest reliability of the Patients Association
Nutrition Checklist

The test-retest reliability of the Patients Association
Nutrition Checklist was conducted in 68 participants. The

Table 4 Cross-tabulation of malnutrition risk according to ‘MUST’
and Patients Association Nutrition Checklist

n (%)
Score of 2 only (<18.5) 4 (31)
Step 2 unintentional weight loss ‘MUST’
Overall prevalence 22 (71) No risk 281 (90.1)
Score of 1 only (5-10) 15 (68) At risk 31(9.9)
Score of 2 only (>10) 7(32) Patients Association Nutrition Checklist
No risk 244 (78.2)
There were no step 3 acute disease scores. BMI, body mass index; At risk 68 (21.8)
‘MUST’, Malnutrition Universal Screening Tool.
34 © 2019 The Authors. Journal of Human Nutrition and Dietetics published by John Wiley & Sons Ltd

on behalf of British Dietetic Association.



J. L. Murphy et al.

overall test-retest reliability beyond chance was within the
range 0.81-1.00, which indicates ‘almost perfect’ agree-
ment (k = 0.90 SE = 0.059; P < 0.001). For question 1,
agreement beyond chance was within the range 0.81-1.00,
which indicates ‘almost perfect’ agreement (x = 0.90,
SE = 0.098; P <0.001). For question 2, agreement
beyond chance was within the range 0.61-0.80, which
indicates substantial agreement: (x = 0.68 SE = 0.098;
P < 0.001). For question 3, agreement beyond chance was
within range of 0.81-1.00, which indicates ‘almost per-
fect’ agreement (x = 0.83 SE = 0.095; P < 0.001). For
question 4, agreement beyond chance was within the
range 0.61-0.80, which indicates substantial agreement
(x = 0.78 SE = 0.123; P < 0.001).

Discussion

The present study has shown that the Patients Association
Nutrition Checklist has moderate concurrent validity
compared to ‘MUST’. This level of agreement is consis-
tent with malnutrition risk between ‘MUST’ and other
tools in the same individuals "),

Using ‘MUST”, the prevalence of malnutrition risk was
9.9% in this group of people living in the community,
which compares favourably with measures of the preva-
lence of people at risk or having malnutrition of 10% in
the community using ‘MUST” ). However, there were 37
(11.9%) more people identified at risk using the Patients
Association Nutrition Checklist compared to ‘MUST’. The
reasons for this could be attributed to identifying people
in the earlier stages of weight loss and with appetite
changes. The number of participants who were unable to
recall whether they had experienced weight loss (2%) or
who had reported loss of appetite (0.3%) was only very
small. However, from the test-retest validation study, it
was evident that the question asking whether participants
lost a lot of weight unintentionally in the past 3-6 months
did not show as strong chance agreement compared to the
other questions (which was substantial or almost perfect),
although the agreement was still acceptable.

Although ‘MUST’ has been extensively validated in
hospitals, few studies have tested the validity of ‘MUST’
in community-dwelling older adults "*. Other tools for
screening malnutrition in the community have been vali-
dated such as SCREEN 11 with the purpose of screening
for general nutritional status as well as a screening tool
(70 However, the Patients Association Nutrition Check-
list was developed in response to the need for a new
approach for the early identification of malnutrition risk,
to elicit a conversation and that could be used by people
with wider responsibility for nutrition that might include
volunteers, community workers and home care staff peo-
ple. Given the barriers to using already validated

Validation of nutrition checklist with '"MUST"
screening tools in the community “'***, the Patients
Association Nutrition Checklist offers opportunity to pro-
vide a way to identify ‘clinical concern’ for malnutrition
risk at an early stage and/or lead to an indication of the
need for ‘MUST’ screening in accordance with NICE by
health and social care professionals V).

Strengths and limitations

The Patients Association Nutrition Checklist is reliant on
the participant’s ability to recall weight loss, and who can
report their appetite. Despite this, the number of people
who were unable to provide this information in this
study was very small. Almost all of the individuals who
were approached and met the inclusion criteria agreed to
participate in the study. However, we did not record
details or the reasons for those who declined. We
excluded people who were overtly not interested or
overtly confused. A limitation of the test-retest reliability
of the Patients Association Nutrition Checklist is the
short time between the first and second assessment, which
could have overestimated reliability because the partici-
pants might have remembered their previous score.

Conclusions

The Patients Association Nutrition Checklist not only
demonstrates acceptable agreement compared to ‘MUST’
but also its potential for early identification of malnutri-
tion risk in the community, which includes signposting
to basic dietary advice and appropriate health and social
care support within the tool. Further research is needed
to understand how the Patients Association Nutrition
ChecKklist could be effectively applied, including its ease of
use by those other than health and social care staff, such
as volunteers, community workers and home care staff.
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Introduction

There is a global increase in populations aged over
65 years. The social and cultural aspects associated with
this ageing phenomenon adversely impact on the ability
of frail older adults to maintain adequate access to food
. Additionally, physiological changes that accompany
the normal ageing process place older adults at increased

(1)

nutritional risk .

Malnutrition is defined as a deficiency or imbalance in
nutrient intake and has a relevant prevalence in commu-
nity-living older adults, resulting in a worsening of health

38

Abstract

Background: There is a global increase in populations aged over 65 years.
Physiological changes that occur during ageing may increase the nutritional
risk for older adults. To avoid malnutrition and address some of the barri-
ers to obtain an adequate food supply, home-delivered meals services pro-
vide meals in the home or in congregate settings for older adults who
require nutritional support.

Methods: This systematic literature review explored whether nutritional
intake is improved in community-living older adults when receiving meal
services compared to when meal services are not received. Four electronic
databases were searched up to 31 January 2019. In total, 13 original studies
were included in this analysis with the components: intervention of home-
delivered meal or congregate meal services to older adults; comparison with
groups not receiving meal services or days not receiving the meal service;
and nutritional intake as an outcome measured by food history, dietary
recall and/or food frequency questionnaire.

Results: The results supported a beneficial effect of home-delivered meals
on dietary intake of energy, protein and/or certain micronutrients in older
adults.

Conclusions: The increased total energy intake is a positive influence on
malnutrition risk in frail older adults and the increased protein intake sup-
ports good health, promotes recovery from illness and assists in maintaining
functionality in older adults. Additionally, there was a particular increase in
calcium intake, which is relevant in ageing, especially for bone health.

conditions, frailty and disability *. Given the multiple
causes and consequences of malnutrition in older adults,
it can be challenging to improve dietary intake. Shopping,
cooking and eating independently can be a burdensome
activity to older adults, particularly if living alone . To
address such barriers and to obtain adequate access to
nutrition, various services are available to provide meals
for older adults who require nutritional support .
Meals-on-Wheels (MOW), the most widely recognised of
these home delivery meals (HDM) services, is a commu-
nity-based not-for-profit organisation that operates in

many countries. HDM can improve dietary intake,
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especially when meals reach the most vulnerable individu-
als @, HDM also decreases institutionalisation of older
adults and it is a potential mechanism for decreasing
healthcare expenditure .

There are several types of HDM services that exist, with
variations on how programmes operate, the services
offered, the eligibility requirements of clients who can
access the services, the type of meals delivered and whether
there are provisions made for special dietary needs. Such
services can be either provided individually at home or via
congregate meals, in which meals are provided in group
settings such as senior citizens centres, allowing people the
opportunity to socialise when eating their meals ©).

Other studies have explored the association of such ser-
vices with nutritional status, food safety and insecurity,
dietary patterns, socio-emotional aspects, and several
other outcomes ¥; however, an updated review explor-
ing the impact of HDM on dietary intakes and its impli-
cation on older adults is lacking. Thus, the current
systematic review of the scientific literature aimed to
investigate whether dietary intake is improved in commu-
nity-living older adults when receiving meal services com-
pared to when meal services are not received.

Materials and methods

A systematic literature review was undertaken using the
procedures outlined in the Evidence Analysis Manual:
Steps in the Academy Evidence Analysis © and in the
PRISMA statement '”. The study selection, quality
assessment, data extraction and synthesis were conducted
independently by three researchers and then reviewed by
all authors.

Search strategy

Four electronic databases were searched: Scopus, Medline,
Science Direct and Web of Science. Various combinations
of the following keywords were used: ‘Meals on Wheels’,
‘Elderly Nutrition Program’, ‘home delivered meal’,
‘weekend meal’, ‘meal service’, ‘nutrient intake’, ‘nutri-
tional intake’, ‘dietary intake’ and ‘nutritional risk’. All
database searches were completed up to 31 January 2019.

Study selection criteria

Selection criteria were formed using the population inter-
vention comparison outcome (PICOS) format (19 Thege
criteria were used to screen the titles and abstracts of lit-
erature returned via database searching. Study selection
criteria included:

(i) participants: older adults living at home; (ii) inter-
ventions: home-delivered meal (HDM) or congregate

© 2019 The British Dietetic Association Ltd.
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meal services; (iii) comparators: a comparison group not
receiving meal services or occasions where a meal service
participant did not receive a meal; (iv) outcomes: nutri-
tional intake measured by food history, dietary recall and/
or food frequency questionnaire (FFQ); and (v) study
design: cross-sectional, pre-post quasi-experimental and
cohort studies.

Eligibility of articles for inclusion was extended to
include only peer reviewed journal articles that were pub-
lished in the English language, whereas review articles
were excluded. After the removal of nonrelevant and
duplicate articles, the remaining articles were retrieved for
further evaluation of the full-text. Articles that met all
study selection criteria were eligible for inclusion in the
review. The study selection process was based on PRISMA
guidelines and is outlined in Fig. 1 .

Data extraction and synthesis

A data extraction form was used to collate the character-
istics from each study: author(s), year of publication,
study design, study population, sample size, intervention
(if applicable), comparison measure, outcome measure
and study outcomes.

Study quality assessment

The quality of each study was assessed for scientific
soundness using the Quality Criteria Checklist for Pri-
mary Research . Study quality was determined by iden-
tifying the presence or absence of 10 validity criteria. An
overall quality rating was then assigned to each study,
according to positive, neutral or negative rankings.

Results

Study selection

In total, 867 articles were returned via database searching.
Seventy-four duplicates were removed and 746 articles
were excluded during title and abstract screening (Fig. 1).
The full-text of the remaining 47 articles were accessed
and evaluated against the study selection criteria. Thirty-
four articles were excluded because they did not meet all
criteria (Fig. 1) and the remaining 13 studies were eligible
for the review.

Characteristics of the studies included in the review

The characteristics of the 13 studies reviewed are sum-
marised in Table 1. Eight of the studies were cross-sec-
tional in design "7'® four were pre-post quasi-
experimental studies and one was a cohort study
(23 Eleven studies had relatively smaller sample sizes

(19-22)
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Records identified through database searching

s (n=2867)

§ Scopus (705)

E‘E Medline (72) Additional records identified through other

E Web of Science (81) sources

= Science Direct (9) (n=4)

A 4 A 4

%ﬂ Records after duplicates removed

5 (n=1793)

2

&

v Records excluded
— (n=746)
— Records screened | * Notrelevant to topic
(n="1793) "] ¢ Did not match study population

e Did not measure nutrient intake
£ e Did not include a comparative measure
E e Language other than English
éﬂ 4 e No full-text available

Full-text articles assessed for
L | eligibility
(n=47) > Full-text articles excluded
] (n=34)

e Did not measure nutrient intake (11)
= v e Measured nutrient intake but with no
3 measure of comparison (9)

3 Studies included in qualitative * Meal ser\{ice provided modified or
= synthesis therapeutic meals (10)
(n=13) o \Included other nutritional intervention(s) (4

Figure 1 Study selection process.

ranging from 16 to 445 participants, wherea two of the
studies obtained larger samples, ranging from 1065 to
2691 participants. The age categorisation used to classify
older adults in the studies ranged from over 50 years to
over 70 years. Two studies did not specify the age range
used during recruitment '*'®), whereas one study recruited
adults aged >18 years but specified a sub-category of adults
>60 years '), with this comprising the sub-group of data
reported in the present review.

In the cohort study ** and four pre-post studies
participants commenced the use of HDM services at
recruitment to the study, whereas all other cited studies
investigated the dietary intake of existing participants
enrolled in HDM or congregate meal services as the inde-
pendent variable. Four studies used a single group of par-
ticipants as their own control and made comparisons

(19-22)
>

between the nutrient intakes on occasions when meals were
and were not received #1521 Five studies (>11°717)
compared the nutrient intakes of two separate groups who
were either participating in a meal programme or not. Two
studies combined both methods and made comparisons
between those participating in a meal programme (either
on a meal or non-meal day) and those who had never par-
ticipated in a meal programme ****, Regarding the type of
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meal programme, three studies included participants
receiving congregate meal services '*'>'7) whereas all
others were traditional HDM services.

A food record was the only method used for measuring
nutrient intake in two studies '7?”, whereas another
study used only a FFQ ). All other studies used a 24-h
dietary recall method, although two studies also com-
bined this with a FFQ “'® or a FFQ and a 1-day food
record '), The frequency of data collection within stud-
ies ranged from one occasion to seven occasions. Four
studies measured the impact of participation in a meal
programme over time where the length of intervention
ranged from 8 weeks to 12 months 2°2%),

Study quality

One study received a positive overall quality rating "

and one study received a negative rating '*, whereas all
others received a neutral quality rating. This was mainly
the result of a number of factors related to the study
design (e.g. no inclusion of randomised clinical trials)
and a lack of information reported in the studies, particu-
larly for the questions related to validity, as shown in

Table 2.
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Outcomes of meal service programmes

Protein and energy were the only nutrients measured in
all studies, where improvements associated with meal
delivery services were reported in six studies 113141821
) Three of five studies that showed improvements in
protein intake were those in which the meal delivery
commenced within the trial period (21-23) " \whereas the
two other studies found higher intakes of existing HDM
service clients on days where a meal was received com-
pared to a non-HDM day ", or between participants
and nonparticipants of the service '*. An increase in
energy intake was found in five studies >'*?'7%% with
four of these also reporting a simultaneous increase in
protein intake '*?'**. The findings for energy intake
were similar to those for protein, such that the studies
introducing an HDM service ?'"** performed best, fol-
lowed by the two studies that compared meal and non-
meal days in existing clients 'Y or participants versus
nonparticipants ¥ Additionally, another study reported
an increase in energy intake, although only in women,
comparing a MOW and a non-MOW day "'®,

In relation to micronutrient intake, seven of 12 studies
(131316192022,23)  that  assessed  this

increased intake for at least one vitamin

outcome found
(11,13,1622,23) o 4
or mineral !"1>192923) whereas three studies reported an
increase in more than five micronutrients ""'***_ Three
of the 13 studies included in this review did not find
improvements in dietary intake associated with participa-
tion in a HDM service for either energy, protein, other
macronutrients or micronutrients ‘*'>'”. Two of these
studies '>'7), related to congregate meal services, had
limited result details.

Discussion

The aim of this systematic literature review was to explore
whether dietary intake is improved in community-living
older adults when receiving meal services compared to
when meal services are not received. The review identified
13 eligible studies, which presented cross-sectional, pre-
post quasi-experimental and cohort studies designs. The
results supported a beneficial effect of home-delivered
meals on improvements in dietary intake of energy, pro-
tein and/or certain micronutrients (calcium, vitamin A, B
complex vitamins, vitamin D, zinc, magnesium and
others) in older adults.

Physiological changes that occur during the normal
ageing process modify nutritional requirements in older
adults and are determined by various factors, such as
ingestion, digestion and absorption of nutrients; thus,
energy expenditure and caloric requirements may be
altered ¥, Additionally, factors related to the inability of
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providing one’s own meals, such as a lack of resources
and access to food, disability or limited mobility, are usu-
ally eligibility requirements for populations that have
access to HDM services. Therefore, the risk of malnutri-
tion in these older adults is usually linked to an inability
to access sufficient food to meet nutrient requirements,
including total energy intake. Hence, the increased energy
intake associated with home-delivered meals found in five
studies (!D1P1H1821723) cap be considered as a beneficial
outcome to assist in reducing malnutrition risk in frail
older adults. Higher protein requirements in older age are
recommended to support good health, promote recovery
from illness and maintain functionality in older adults via
prevention of sarcopenia **. Inadequate protein intake is
recognised as a determinant of frailty 2%, as well as
being associated with an increased risk of falls *” in the
older population. Recent evidence suggests that a dietary
intake of 1.0-1.3 g protein kg~ ' is required to optimise
physical function, particularly when undertaking resis-
tance exercise recommendations and/or to compensate
for the inflammatory and catabolic conditions associated
with chronic and acute diseases **. It is well recognised
that older adults often consume less protein than younger
adults *** and also that the anabolic response to pro-
tein is often blunted in ageing *>*%; thus, the findings of
increased protein intake from five of the studies included
in the present review are promising.

Studies that reported improvements in both energy and
protein intake in HDM recipients were more likely to be
those in which new, rather than existing, clients were
investigated *'~**). Older adults commencing the use of a
HDM service are likely to be at greater nutritional risk
than those who have been receiving support for some
time. All three studies that did not present significant
results had interventions with people already utilising
HDM #'>17) Nonetheless, the other study ** reporting
improvements not only for energy and protein intake,
but also for several micronutrients was the one that
recruited a nationally representative sample of partici-
pants. In addition, the same study found that HDM ser-
(both home-delivered and congregate meals)
provided 75% of older people’s daily energy requirements
and between 30% and 50% of their daily nutrient intake,
whereas the mean daily nutrient intake approached or

vices

exceeded the recommended daily allowances for 11 of 16
nutrients examined. The meals served in this successful
programme were produced in accordance with the dietary
guidelines for its population and met the nutritional
requirements established.

In relation to micronutrients, insufficient dietary intake
of several nutrients has been reported in older community
adults (vitamins A, By,, D and zinc), with a higher preva-
lence in long-term care facilities (vitamins A, D and E) Gy,

© 2019 The British Dietetic Association Ltd.
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In Europe, USA and Canada, deficiencies in dietary intake
of one or more nutrients are present in 35% of individuals
aged 50 years or older ®*. A higher life expectancy may
lead to higher risk of deficiency, especially for vitamins B,
A, C, and D, iron, calcium and folate ¥, In addition, a
lower food intake has been associated with lower intakes of
calcium, iron, zinc, B vitamins and vitamin E ©?, Despite
the numerous nutritional issues present in ageing, recom-
mended dietary allowances for older adults are mostly simi-
lar ®*. However, some micronutrients have high dietary
intake requirements such as calcium, vitamins D and Bg,
whereas others, even presenting equal requirements, are
crucial for healthy aging and are associated with lower
intake in older adults such as vitamin B, (riboflavin), folic
acid and vitamin B, **>%_ Seven studies included in this
review found positive results in at least one micronutrient
when comparing older adults with and without HDM ser-
vices (111310:19:20.22.23) 1n particular, the increase in cal-
cium intake found in four studies “'“'***?** has an
important relevancy in ageing, especially for bone health.
This micronutrient usually presents an impaired absorp-
tion as a result of changes gastrointestinal tract in ageing,
which is enhanced if there is a concomitant vitamin D defi-
ciency. Individuals between 70 and 90 years of age absorb
approximately one-third less calcium than younger adults
(232) The decrease in kidney function to retain calcium
decreases may also affect its reabsorption, as well as a
decreased efficiency of the kidneys to convert vitamin D
into its most active form (i.e. 1,25 dihydroxyvitamin D)
may be present >**. Only two studies "*** included in
this review found an improvement in vitamin D intake,
and such a modest result might been influenced by the high
rates of supplementation of this vitamin in this age range.
Several other studies have evaluated the effects of home-
delivered meals in older adults grouping studies of various
designs, including a review that included pooled results
from 13 quasi-experimental studies providing HDM inter-
ventions, including between-meal snacks, more food
choices and provision of nutrition advice. Overall, these
interventions improved nutrition and functional status,
hospital readmission rates and quality of life ®. A further
similar review was conducted by Zhu et al. ), who evalu-
ated the impact of HDM services on diet and nutrition
among recipients but included a wider range of outcomes
such as effectiveness of home-delivered meal services, food
insecurity and dietary patterns. In accordance with the
review reported in the present study, six of eight studies
included in their study found that HDM programmes sig-
nificantly improved diet quality, increased nutrient intakes,
and reduced food insecurity and nutritional risk among
participants. Other beneficial outcomes include increased
socialisation opportunities, an improvement in dietary
adherence and a higher quality of life. Although these
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topics were not evaluated in this review, food safety and
social connections related to HDM are relevant to this dis-
cussion. HDM clients are especially vulnerable to food-
borne illness as a result of a high prevalence of health
conditions that can suppress the immune system ©%. A
food safety course for more than 1500 staff and volunteers
with HDM programmes reported the most important food
safety information concerned meal delivery and client han-
dling of meals, especially with respect to ensuring that
meals were kept at appropriate temperatures, as well as
checking clients’ refrigerator temperatures, adding labels
with reheating instructions, checking use-by dates and
instructing drivers not to leave meals at clients’ doors ©7.
Other positive results were found in a study that used the
USDA Six-Item Food Security Scale to identify food-inse-
cure households and households with very low food secu-
rity. Two months after starting the HDM programme,
there was an overall improve of 41.2% of participants’
food security level, with 15.7% moving from very low to
high food secure ?". Loneliness and well-being also were
significantly improved. Studies employing a qualitative
approach found that HDM clients appear to have benefits
that are beyond the actual meal itself, with the drivers pro-
viding additional support to their clients and the social
bonds between drivers and clients strengthening over time
%) In addition to the social contact, HDM may also help
to restimulate an interest in meals and regularising meal-
times %,

A number of factors may contribute to the discrepan-
cies in the results within studies. First, certain outcomes
are not comparable as a result of differences in study
design and methods. For example, some studies examined
differences in nutrient intake within the same individuals,
whereas other studies made comparisons between those
receiving meals and not receiving meals. A limitation of
all studies was that they did not provide any information
about the nutritional composition of the meals received
by participants. Additionally, there was often little
description of details, such as the type or frequency of
meals received, the amount of the meal consumed on the
day of dietary recall or to what degree the meal con-
tributed to the participant’s total dietary intake for that
day. Further consideration of the impact of these vari-
ables is required to improve the validity of results. Fur-
thermore, the majority of studies did not focus on
whether participants met the recommended dietary
requirements for optimal health, even if they had
increased their nutrient intakes, making this issue an
important need with respect to further research in this
area. The level of results details also varied among the
studies, which made it difficult to present a more homo-
geneous set of results. Still, regarding the methodology
limitations of this review, only articles in English were
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screened, which excludes many potential articles that, in
this area of knowledge, are often published in the native
language of its country. Only one included study was
conducted in a country that does not have the English as
native language .

The search of the current review did not return any
randomised controlled trials because ethically meal ser-
vices cannot be randomly allocated to one population
and withheld from another. The use of blinding within
studies to reduce bias is also not possible in the case of
meal provision. Furthermore, the method of data collec-
tion in the studies relied on recall by participants and the
accuracy of this information may be impacted by error in
memory or conceptualisation of food portions, as well as
it being subject to under- or over-reporting.

Conclusions

Home-delivered meal services are able to promote benefi-
cial results in nutritional intake in community-living
older adults. This review summarised the results of 13
studies and found a relevant increase in the dietary intake
of energy and protein, as well as micronutrients such as
calcium, vitamin A, B complex vitamins, vitamin D, zinc
and magnesium. This indicates that these services can
address the food access pillar of food security in this pop-
ulation, thus decreasing the risk of malnutrition and
related harmful conditions.
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Introduction

Depression and anxiety are the most prevalent mental

The prevalence of these two
(1-3)

disorders worldwide 2.

conditions is increasing continuously

jected that depressive disorders will be the second
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Abstract

Background: No previous study has examined the association of dietary
acid load (DAL) with depression and anxiety in adults. The present study
aimed to investigate the association between DAL and the risk of depression
and anxiety in Iranian adults.

Methods: In total, 4378 non-academic healthy personnel (1909 men and
2469 women) were included in this cross-sectional study. A validated
detailed food frequency questionnaire (FFQ) was used to assess dietary
intakes of participants. DAL was estimated using the protein to potassium
ratio (Pro:K). Depression and anxiety were screened using an Iranian vali-
dated Hospital Anxiety and Depression Scale questionnaire.

Results: Participants with the highest DAL had a higher risk of depression
compared to those in the lowest category [odds ratio (OR) = 1.57; 95%
confidence interval (CI) = 1.27-1.95, Pieng < 0.001), which remained
unchanged after controlling for probable confounders, such that those in
the top category of DAL had a 100% higher risk of having depression than
those in the bottom category (OR = 2.00; 95% CI = 1.52-2.64). In addition,
a significant positive association was seen between DAL and anxiety in a
crude model (OR = 1.35; 95% CI = 1.02-1.78, Pyeng = 0.01) and even after
adjustment for a wide range of confounders, such that participants in the
top category of DAL had a 92% greater risk of anxiety than those in the
bottom category (OR = 1.92; 95% CI = 1.35-2.74, Pyeng < 0.001).
Conclusions: In the present study, we found a significant direct association
between DAL and the risk of depression, as well as anxiety. Further studies,
in particular prospective cohorts are required to confirm these findings.

leading cause of disease burdens in 2020 . In Iran,
the prevalence of anxiety and severe depressive symp-
toms in adults have been estimated at 29.5% and
10.39%, respectively .

Along with several strategies suggested to prevent men-
tal disorders ®, diet appears to play a key role 7.

It is pro-

© 2019 The British Dietetic Association Ltd.
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Adherence to a healthy diet, including high intakes of
fish, vegetables, fruit and whole grains, was associated
with a reduced risk of psychological disorders . The
consumption of alkaloid food items, including fruit and
vegetables, was inversely linked with depression and anxi-
ety ), whereas the consumption of acidic foods, includ-
ing red or processed meats, was positively associated with
these conditions '”. However, some studies did not find
a significant association between the consumption of
these food items and the risk of psychological disorders
() Although no previous study has investigated the
association of dietary acid load (DAL) with the risk of
depression and anxiety in adults, a recent study in this
regard indicated that children with higher DAL had more
emotional problems and hyperactivity than those with
lower DAL. However, no significant associations were
revealed between DAL and the risk of depression and
anxiety in adolescents '?. In addition, despite several
studies linking adherence to healthy dietary patterns
(which are mainly low in DAL) with a reduced risk of
psychological disorders "' other studies did not
report such an association

To the best of our knowledge, no previous study has

(15)

examined the association of DAL with depression and
anxiety in adults. As a result of the controversies noted
above regarding studies on the association of acidic and
alkaloid food items with depression and anxiety, further
studies are required to reach a firm conclusion in this
regard. The results obtained will be more important for
individuals residing in the Middle East countries, where
people consume less fruit and vegetables and higher
amounts of refined grains, including white rice and bread
(19 Given these reasons, the present study aimed to
investigate the association of DAL with depression and
anxiety in a large sample of Iranian adults.

Materials and methods

Study population

The present study was conducted in the frame of the
SEPAHAN (Studying the Epidemiology of Psycho-Ali-
mentary Health and Nutrition) project, which is a cross-
sectional study of non-academic healthy personnel in Isfa-
han province, Iran. Participants were apparently healthy
adults. Detailed information about the SEPAHAN study,
as well as its aims and objectives, are provided elsewhere
U7 The final data in this project were collected using
self-administered questionnaires, fulfilled at two separate
phases between April 2010 and May 2010. In the first
phase, participants were educated how to complete the
questionnaires. Data on demographic variables, as well as
dietary habits, were obtained in this first phase. In the
second phase, required information on psychological

© 2019 The British Dietetic Association Ltd.
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health was obtained. The response rate was 86% and 64%
in the first and second phases, respectively. General
characteristics were not significantly different between
responders and nonresponders. We then merged data
from these two phases, meaning that complete informa-
tion was available for 4763 participants. Subjects who had
missing data on any of the relevant variables including
depression and anxiety (n = 385) were not included in
the analysis. Therefore, final data for 4378 persons (1909
men and 2469 women) remained for the present study.
The study was approved by the Bioethics Committee of
Isfahan University of Medical Sciences, Isfahan, Iran
(#189069, #189082 and #189086).

Assessment of exposure

The usual dietary intakes of participants during the past
year were assessed using a validated Willett-format self-
administrated 168-item semi-quantitative Food Frequency
Questionnaire (FFQ). Detailed information about this
questionnaire, as well as its design, food items and valid-
ity, are provided elsewhere '®'*) In brief, the question-
naire consisted of 168 food items organised by the
standard portion sizes commonly used in Iran. The ques-
tionnaire included five categories: (i) mixed dishes,
including cooked or canned foods (n = 29); (ii) potatoes
and grain-based foods (n = 10); (iii) dairy products,
including milk and other dairy foods (e.g. butter and
cream) (n =9); (iv) fruit and vegetables (n = 22); and
(v) miscellaneous foods and beverages, such as sweets,
fast foods, prepared meals, nuts, desserts and beverages
(n = 36). Participants were asked to report their daily
dietary intakes based on nine multiple-choice frequency
categories, including ‘never or less than once a month’ to
‘12 or more times per day.” The frequency response cate-
gories for each items varied from 6 to 9. Therefore, daily
intakes of each food item were estimated and then con-
verted to grams per day using household measures *°. In
addition, daily intakes of total energy and nutrients were
obtained for each participant using the US Department of
Agriculture food consumption database modified for Ira-
nian foods. DAL was estimated using the protein to
potassium ratio (Pro:K) @y,

Assessment of psychological health

The presence of depression and anxiety symptoms in par-
ticipants was explored using an Iranian validated Hospital
Anxiety and Depression Scale (HADS) questionnaire 2.
The HADS is useful, easy to complete and brief (14 items)
tool that assesses of presence and severity of psychological
disorders, as well as depression and anxiety. Each question
in this questionnaire includes a four-point scale. Higher
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scores indicate the increment in anxiety and depression
severity, with a maximum score of 21. We considered
scores between 0 and 7 in either subscale (depression and
anxiety) as ‘normal’ and scores of >8 or more as indicating
a psychological disorder **. The validity and reliability of
the Persian version of HADS questionnaire was examined
and approved among 167 Iranian adults by measuring the
correlation between each item with its predicted scale.
Pearson correlation coefficients for each item with its
hypothesised scale were between 0.47 and 0.83 (P < 0.001)
for anxiety and between 0.48 and 0.86 (P < 0.001) for

depression, respectively %),

Assessment of other variables

Demographic data and data on medical history of partici-
pants were obtained using questionnaires. The information
obtained from each participants comprised: age, sex, mari-
tal status, smoking, presence of hyperlipidaemia, hyperten-
sion, gallstone, Crohn’s disease, diabetes, cancers, stroke,
myocardial infarction, heart failure, colitis, asthma and
medication use including antidepressant use (fluoxetine,
fluvoxamine, citalopram, sertraline, nortriptyline or
amitriptyline, and imipramine) and supplement use (vita-
mins and minerals). The socio-economic status (SES) of
participants was examined by use of the variables: family
size (<4, >4 persons), education status (academic or non-
academic) and house ownership (yes/no). A score of 1 was
given to subjects in the case of having <4 family members,
academic education and house ownership. If they had >4
family members, non-academic education or were not
house owners, a score of 0 was given. Finally, these scores
were summed up and the SES score of 0 (poor), 1 (middle
class) and 2 (high) was obtained. Physical activity of partic-
ipants was assessed using the General Practice Physical
Activity Questionnaire **). As a result of previous evidence
indicating a significant reduction in the risk of chronic dis-
eases after even 1 h of walking per week ®*, participants
were classified as: physically active (>1 h week ') and inac-
tive (<1 h week '). Anthropometric measures, including
weight, height and waist circumference, were also assessed
using a validated self-administered questionnaire ®®. Body
mass index (BMI) was calculated as weight in kilograms
divided by height in metres squared (kg m ).

Statistical analysis

Participants were categorised into quartiles based on
their DAL. General characteristics and age-, sex- and
energy-adjusted dietary intakes of participants across
quartiles of DAL were examined using one-way analysis
of variance for continuous variables and chi-squared for
categorical variables. The association of DAL with the
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risk of depression and anxiety was assessed using logistic
regression in different models. Age (continuous), sex
(male/female) and energy intake (kcal dayil) were
adjusted for in the first model. Additional controlling
for marital status (yes/no), SES (poor/middle/high),
smoking (yes/no), presence of chronic conditions (yes/
no), physical activity (continues), supplement use (yes/
no) and antidepressant use (yes/no) was carried out in
the second model. Further adjustment was performed
for BMI (continuous) and dietary intake of omega-3
fatty acids (continuous) in the third model. Statistical
analyses were carried out using spss, version 18 (SPSS
Inc., Chicago, IL, USA). P < 0.05 was considered statisti-
cally significant.

Results

Overall, 28.6% (n = 943) of study participants suffered
from depression or were at the borderline level and
13.6% (n = 448) of them had anxiety or were of border-
line status. The general characteristics of participants
across quartiles of DAL are presented in Table 1. Partici-
pants with a higher DAL were younger and had a lower
BMI than those with lower a DAL. Compared to those in
the bottom quartile, a greater percentage of participants
in the top quartile of DAL were male, less likely to suffer
from obesity and dietary supplement users. No significant
difference was seen in the distribution of participants in
terms of marital status, SES, smoking, presence of chronic
conditions, physical activity and antidepressant use across
quartiles of DAL.

Dietary intakes of study participants across quartiles of
DAL are indicated in Table 2. High DAL was associated
with higher intakes of proteins, fats, zinc, selenium, red
meat, refined grains and fish, as well as lower intakes of
carbohydrates, dietary fibres, whole grains, fruits, vegeta-
bles, dairies, nuts, legumes and soy (P < 0.001 for all).
No significant difference was seen in total energy intake
and the consumption of omega-3 fatty acids across quar-
tiles of DAL.

The multivariable-adjusted odds ratios (ORs) and 95%
confidence interval (CIs) for depression and anxiety
across quartiles of DAL are presented in Table 3.
Participants with the highest DAL had a higher risk of
depression compared to those in the lowest category
(OR = 1.57; 95% CI = 1.27-1.95, Pyenq < 0.001). After
controlling for age, sex and energy intake and other
potential confounders, the association remained signifi-
cant (P < 0.001). Even after further adjustment for BMI
and dietary intakes of omega-3 fatty acids, the association
was significant (P < 0.001), such that those in the top
category of DAL had a 100% higher risk of having
depression than those in the bottom category (OR = 2.00;

© 2019 The British Dietetic Association Ltd.
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Table 1 General characteristics of the study population across categories of dietary acid load*

Dietary acid load

Q1 Q2 Q3 Q4 pt

Age (years) 37.10 (8.07) 36.01 (7.72) 36.23 (7.94) 35.84 (7.69) 0.01
BMI (kg m2) 25.27 (3.81) 24.66 (3.82) 24.82 (3.78) 24.84 (3.85) 0.01
Females (%) 65.6 62.7 57.3 47.5 <0.001
Married (%) 81.2 81.7 84.1 79.8 0.13
Obesity (%) 50.3 42.7 451 46.4 0.02
SES (%)

Poor 34.9 30.6 34.7 33.5 0.49

Medium 48.7 50.7 46.9 47.4

High 16.4 18.6 18.5 19.2
Current smoker (%) 13.8 12.4 13.9 15.1 0.58
Chronic conditions® (%) 4.4 39 5.4 4.9 0.54
Physically active (%) 12.6 12.8 12.5 14.8 0.47
Supplement use™ (%) 33.0 31.7 30.1 25.2 0.003
Antidepressant use* (%) 6.9 5.2 46 55 0.21

BMI, body mass index;SES, socio-economic status.
*All data are the mean (SD) unless indicated.

fObtained using one-way analysis of variance for continuous variables and the chi-squared test for categorical variables.

*Obesity was defined as BMI >25 kg m ™.

SHyperlipidaemia, hypertension, gallstone, Crohn’s disease, diabetes, cancers, stroke, myocardial infarction, heart failure, colitis, asthma.
YParticipants with physical activity of >1 h per week were considered as physically active.

'Supplements of vitamins and minerals.

HFluoxetine, fluvoxamine, citalopram, sertraline, nortriptyline or amitriptyline, imipramine.

Table 2 Dietary intakes of selected nutrients and food groups of study participants across categories of dietary acid load*

Dietary acid load

Q1 Q2 Q3 Q4 pf
Energy (kcal dayq) 2362.60 (28.4)1 2371.01 (28.53) 2380.75 (27.33) 2400.96 (29.67) 0.80
Proteins (% of energy) 13.57 (0.07) 14.68 (0.06) 15.26 (0.06) 15.89 (0.09) <0.001
Fats (% of energy) 35.93 (0.20) 37.76 (0.19) 38.58 (0.20) 38.03 (0.27) <0.001
Carbohydrates (% of energy) 52.94 (0.24) 49.19 (0.21) 47.37 (0.23) 46.63 (0.32) <0.001
Dietary fibre (g day”) 25.49 (0.34) 23.32 (0.32) 21.65 (0.30) 19.56 (0.31) <0.001
Omega-3 fatty acids (g day™") 1.70 (0.03) 1.72 (0.03) 1.75 (0.03) 1.80 (0.03) 0.13
Zinc (mg day ") 10.46 (0.13) 11.17 (0.13) 11.40 (0.13) 11.16 (0.13) <0.001
Selenium (mg day”) 88.79 (1.33) 104.24 (1.54) 111.46 (1.57) 125.14 (1.89) <0.001
Red meat (g day’w) 68.85 (1.50) 80.09 (1.56) 85.59 (1.68) 80.37 (1.85) <0.001
Whole grains (g day”) 41.08 (2.38) 48.59 (3.06) 46.09 (2.83) 33.58 (2.25) <0.001
Refined grains (g day’1) 306.07 (5.50) 377.29 (6.56) 402.14 (6.84) 477.02 (9.13) <0.001
Fruits (g day™") 516.61 (10.59) 334.07 (6.36) 250.97 (5.36) 162.12 (4.19) <0.001
Vegetables (g day’w) 302.34 (5.80) 252.43 (4.29) 219.60 (3.23) 176.47 (3.02) <0.001
Dairies (g day’w) 421.02 (11.73) 375.94 (9.09) 345.95 (8.55) 246.45 (6.45) <0.001
Fish (g day’w) 11.30 (0.44) 13.02 (0.47) 14.85 (0.54) 17.04 (0.86) <0.001
Nuts, legume and nuts (g day™") 41.81 (1.44) 43.32 (1.49) 38.53 (1.32) 35.32 (1.21) <0.001

*All values are the mean (SE); energy intake is adjusted for age and sex, all other values are adjusted for age, sex and energy intake.

fObtained from analysis of covariance.

95% CI = 1.52-2.64). Regarding the association with anx-
iety, a significant positive association was seen between
DAL and anxiety in a crude model (OR = 1.35; 95%
CI = 1.02-1.78, Pyena = 0.01). After taking potential

© 2019 The British Dietetic Association Ltd.

confounders (including demographic, socio-economic sta-
tus and medical history, as well as physical activity and
energy intake) into account, the association remained sig-
nificant (OR = 1.81; 95% CI = 1.29-2.54, Pyeng < 0.001).
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This also remained unchanged when we further adjusted
the analyses for BMI and dietary intakes of omega-3 fatty
acids, such that participants in the top category of DAL
had a 92% greater risk of anxiety than those in the
bottom category (OR =1.92; 95% CI = 1.35-2.74,
Pirena < 0.001).

Discussion

The present study reports a significant direct association
between DAL and the risk of depression and anxiety.
These associations remained unchanged after adjustment
for a wide range of confounding factors. To the best of
our knowledge, no previous study has been conducted in
this regard in an adult population and the present study
is the first to examine such an association in an under-
studied population of the Middle East.

We found a direct association between DAL and the
risk of depression in the present study. Although no
previous study was performed investigating total DAL in
relation to mental health in adults, several previous
studies have reported a significant inverse association
between the consumption of individual alkaloid food
items and the risk of depression 7). In addition, the
consumption of acidic food items has been associated
with an elevated risk of psychological disorders, includ-
ing depression *®. However, some other studies did not
find a significant association between consumption of
these food items and the risk of depression '*. In addi-

A. Milajerdi et al.
depression or anxiety ). Furthermore, the findings
from a large scale cross-sectional study in Netherland
showed a lower plasma concentration of uric acid in
patients with active depression and anxiety *?. It was
suggested that the antioxidant properties of uric acid,
and not its acidic properties, might be beneficial in pro-
tection from mental disorders.

In the present study, we used the Pro:K ratio as the
indicator of DAL. Adherence to a high-protein/low-fat
diet has been associated with a lower risk of depression
in apparently healthy adults ®”. However, it is not clear
that the dietary protein in that previous study was
derived from either animal or herbal sources. The find-
ings from a cohort study showed that adherence to a high
protein diet might have a protective effect on depression
among men but a deleterious effect among women . Tt
was suggested that these different effects might be a result
of differences in the sources of dietary proteins. Based on
current knowledge, it is suggested that a higher consump-
tion of proteins from animal sources, unlike herbal pro-
teins, is a leading cause of psychological disorders,
including depression “?. In addition, previous studies
have shown a significant inverse association between diet-
ary potassium intake and the risk of depression .

We found a direct association between DAL and the
risk of anxiety in the present study. Similar to depression,
no previous study has been published regarding the asso-
ciation of DAL with anxiety. Several previous studies have
found a direct significant association between the con-

tion, there are also studies in which no association was sumption of acidic food items and the risk of anxiety %
found between the diet of participants and the risk of and an inverse association for alkaloid foods ©%.
Table 3 Multivariate-adjusted odds ratios and 95% confidence intervals for depression and anxiety across categories of dietary acid load*
Dietary acid load
Q1 Q2 Q3 Q4 pt
Depression
Crude 1.00 1.13 (0.90-1.41) 1.44 (1.16-1.80) 1.57 (1.27-1.95) <0.001
Model 1 1.00 1.15 (0.91-1.46) 1.51 (1.19-1.91) 1.79 (1.41-2.26) <0.001
Model 2 1.00 1.23(0.94-1.61) 1.62 (1.24-2.13) 2.01 (1.54-2.63) <0.001
Model 3 1.00 1.26 (0.96-1.66) 1.61(1.22-2.12) 2.00 (1.52-2.64) <0.001
Anxiety
Crude 1.00 0.94 (0.70-1.27) 1.17 (0.88-1.56) 1.35 (1.02-1.78) 0.12
Model 1 1.00 0.87 (0.64-1.20) 1.20 (0.89-1.63) 1.44 (1.07-1.94) 0.003
Model 2 1.00 0.92 (0.64-1.33) 1.38 (0.97-1.96) 1.81(1.29-2.54) <0.001
Model 3 1.00 0.99 (0.68-1.45) 1.46 (1.01-2.10) 1.92 (1.35-2.74) <0.001

Model 1: adjusted for age, sex, and energy intake. Model 2: further adjusted for marriage status; socio-economic status, smoking, presence of
chronic conditions, physical activity, supplement use and antidepressants use. Model 3: further adjusted for body mass index and dietary intake of

omega-3 fatty acids.

*Participants with the score of eight or more in the Hospital Anxiety and Depression Scale questionnaire were considered to have depression or

anxiety.

"The P for trend across increasing categories of dietary acid load was calculated using multivariable logistic regression by considering the cate-

gories as ordinal variables.
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However, as a result of the limited numbers of studies
conducted in this regard, further studies are needed to
reach a firm conclusion.

Although, an explanation of the exact mechanisms by
which DAL may influence risk of depression and anxiety
is lacking, there are some intermediary pathways via
which metabolic acidosis may promote psychological dis-
orders. For example, the interaction of dietary proteins
with some polymorphisms might influence mental func-
tion ©%. It should be noted that acidic diets are typically
rich in animal and processed proteins and low in fruit
and vegetables ®®. Animal foods and process meats are
rich in saturated and trans fatty acids ©”, whereas fruit
and vegetables have large amounts of flavonoids and
antioxidants along with different vitamins and minerals
% A higher consumption of saturated and trans fatty
acids has been associated with greater mental and physio-
logical stress, which might be a result of the increased
oxidative stress ®”. Otherwise, an adherence to diets rich
in fruit and vegetables with high amounts of antioxidant
nutrients, including vitamin A and potassium, has been
linked to the lowered risk of psychological disorders “%.

The present study is the first to investigate the associa-
tion of DAL with the risk of depression and anxiety in
adults. As strengths, the present study had a large sample
size in which we adjusted the analysis for a wide range of
potential confounders, including dietary and nondietary
covariates. In addition, the study was conducted in a
developing country, where limited information is avail-
able about diet—disease associations. However, some limi-
should a result of the
observational design of the study, it was impossible to

tations also be noted. As
confer causality. In addition, DAL was estimated using a
nutrient-based method, which may make it a potential
source of bias. Furthermore, depression and anxiety were
examined based on a self-reported questionnaire, which
may lead to the misclassification of study participants.
Moreover, as a result of the use of a FFQ, misclassifica-
tion of study participants in terms of dietary intakes can-
not be excluded. Finally, the study was conducted on a
population from Isfahan province and so caution is war-
rantedtaken when generalising the findings to the entire
Iranian adult population.

In conclusion, we found a significant direct association
between DAL and the risk of depression, as well as anxi-
ety, in the current study. Further studies, in particular
those of a prospective design, are required to confirm
these findings.
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Introduction

Appetite disturbance and weight problems are common in
major depressive disorder (MDD). However, MDD patients
exhibit marked heterogeneity in terms of both appetite and
satiety. Although appetite decreases in melancholic depres-
, it increases in the atypical type of depression
Other subtypes of depression are not associated with appetite

sion M

disturbances or body weight changes .
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Abstract

Background: Poor appetite and weight loss are common in melancholic
depression. Probiotics and prebiotics have the capacity to affect host beha-
viour, appetite and weight change by modulating the gut microbiome. The
aim of this post hoc analysis was to investigate the effect of supplementation
with probiotic and prebiotic on appetite, in parallel with body mass index
(BMI), weight and energy intake, in patients with major depressive disorder
(MDD).

Methods: We extracted data from a clinical trial with 81 patients. The par-
ticipants were randomly assigned to receive probiotic (Lactobacillus helveti-
cus and Bifidobacterium longum), prebiotic (galactooligosaccharide) or
placebo for 8 weeks. Appetite, weight, BMI, dietary intake, serum leptin and
physical activity were measured. Subjective appetite rating was evaluated
every 2 weeks using visual analogue scales (VAS) to assess satiety, hunger,
fullness and desire to eat. Serum leptin was measured by an enzyme-linked
immunosorbent assay. Physical activity was measured using the interna-
tional physical activity questionnaire. A repeated measures analysis of vari-
ance model was used to analyse VAS data and analysis of variance/analysis
of covariance models for dietary intake, BMI, weight and leptin data.
Results: VAS data analyses indicated no significant intervention—time inter-
actions but did show a significant increase over time for desire to eat within
the probiotic group (P = 0.025). No significant difference in either BMI or
weight was seen among the groups. Energy intake and leptin were signifi-
cantly increased in the probiotic group compared to the prebiotic.
Conclusions: Overall, probiotic supplementation for 8 weeks among MDD
patients resulted in improvement of appetite, whereas prebiotic administra-
tion had no significant effect on appetite.

In recent years, an emerging field of research has
revealed the role of the gut microbiota with respect to
modulating the activity of the central nervous system .
The human gut is colonised by almost 100 trillion
microorganisms that can be classified either as patho-
genic, neutral or beneficial for the host . Recent evi-
@, dence obtained in animals and humans has demonstrated
the capacity of the gut microbiome to affect host beha-

viour, appetite and body weight regulation *. Multiple
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mechanisms have been proposed for the effect of gut
microbiota on mood. First, some of the bacteria are able
to either directly synthesise the neurotransmitters that are
related to the mood (serotonin, gamma-aminobutyric
acid, histamine, noradrenaline and adrenaline) or indi-
rectly increase the precursors of these neurotransmitters
() Second, a balanced gut microbiota prevents immune
system activation and cytokine production by maintaining
the epithelial barrier . This is important because
depression is associated with a chronic low-grade inflam-
matory response "), The inflammatory cytokine results in
changes in neurotransmitter metabolism. Finally, an
imbalanced gut microbiota leads to hyperactivity of the
hypothalamic—pituitary—adrenal (HPA) axis indirectly as a
result of inflammatory cytokines ® and an impairment
in serotonin metabolism . HPA axis dysregulation has
been implicated in the pathogenesis of MDD %),

Prebiotics and probiotics can be used to manipulate
the microbiota and improve mood and appetite 'V, Pro-
biotics comprise ‘live microorganisms that, when admin-
istered in adequate amounts, confer a health benefit to
the host” '?. Prebiotics are also dietary nonviable food
components that can act indirectly through microbiota-
dependent mechanisms '

The results of studies on the effect of probiotics on
weight change are inconsistent and most of them do not
evaluate their effect on appetite . A recent study
showed that probiotic supplementation could sustain
weight loss in dieting women, and help curb appetite sen-
sations "*). The effect of probiotics on appetite in people
with depression may be different and dependent on the
host appetite status . Most of the clinical trials that
have investigated the effect of prebiotics on appetite,
energy intake and weight change revealed no beneficial
effect for any of these outcomes '®. However, the major-
ity of these studies were conducted in nondepressed indi-
viduals and the compounds that were investigated as
prebiotics were inulin-type fructans, which are nondi-
gestible, fully soluble and fermentable food ingredients
with known prebiotic properties. To the best of our
knowledge, no study has investigated the effect of probi-
otics and prebiotics on appetite in patients with depres-
sion. The present post hoc analysis was conducted aiming
to evaluate the effect of probiotics and prebiotics on
appetite in patients with MDD.

Materials and methods

Design, randomisation and blinding

The present study, designed as a 8-week, double-blind, ran-
domised controlled trial with three parallel arms, has been
reported previously (IRCT.ir: IRCT2015092924271N1).
The study was registered and approved by the ethics
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committee of the Tehran University of Medical Sciences.
We obtained written informed consent from all partici-
pants. In our initial study, we considered a duration of
8 weeks based on previous studies on the effect of probi-
otic on depression, which demonstrated a significant
improvement 7% in mood status within a similar or
shorter timeframe.

Patients were randomly assigned to one of the three
groups (i.e. probiotic, prebiotic or placebo), identified as
groups A, B or C, using permuted block randomisation
with a block length of six. Based on their age, participants
were stratified into two strata and assigned a treatment
code using two separate randomisation lists generated by
an independent statistician ( www.randomization.com).
Both participants and investigators were blinded to the ran-
domisation table, the code assignments and the procedure.

Participants

Participant selection has been described previously .

Briefly, study participants were selected from patients
who were referred to the clinic of the Bahman hospital
and were included in the study if they were diagnosed
with mild to moderate major depression, were aged 18-
50 years and had been taking an antidepressant drug (i.e.
sertraline, fluoxetine, citalopram or amitriptyline) for 3
months or more prior to the start of the trial. The sever-
ity of depression was diagnosed by a psychiatrist. Partici-
pants were not included if they had any of the following
criteria: history of renal, hepatic, cardiovascular or respi-
ratory diseases; pregnancy or lactation; regular intake of
probiotics during the last 2 months before study recruit-
ment; intake of antioxidant or omega-3 supplements 6
weeks before the start of the study; alcohol intake; cigar-
ette smoking (more than 5 day' during the last
6 months) or tobacco use (pipe or hookah, at least one
time during the last month); opiate addiction; history of
heart attack or stroke; following a specific diet; participa-
tion in another study during the last 2 months. partici-
pants were also excluded if they had any significant
change in their regular diet and lifestyle; any change in
the drug regimen; inflammatory diseases that lasted for
more than 1 week during the study; and an intake of
antibiotics during the study. Participants were instructed
not to consume any other probiotic supplements during
the course of the trial.

Intervention

All supplements were provided by Lallemand Health
Solutions (Mirabel, QC, Canada). The supplements were
provided in a powder form and were packed in numeri-
cally coded sachets (5 g), each containing 10 billion
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colony-forming units (>10 x 10’ CFU) of freeze-dried
Lactobacillus helveticus R0052 and Bifidobacterium longum
R0175 (CNCM strain 1-3470). The excipients used were:
xylitol, maltodextrin, plum flavour and malic acid. The
placebo product contained only the excipients, and the
prebiotic product was composed of galactooligsaccharide
and 0.2% plum flavour. The supplementation sachets
were identical with respect to colour, size and taste. Par-
ticipants received half the sachets at the baseline visit and
the remainder at the 4-week visit. Participants were
instructed to keep the sachets refrigerated and to con-
sume one sachet at the same time daily. Participants were
monitored for compliance and probable adverse events by
telephone every 2 weeks. After completion of the
study, the returned empty sachets were counted for
assessment of compliance. Subjects were deemed compli-
ant when they consumed at least 80% of the recom-
mended sachets.

Procedure and secondary outcomes

The previously published clinical trial started in July 2016
and finished in April 2017 ?°). Fasting blood samples were
collected between 08.00 h and 09.00 h at the beginning
and end of the 8-week trial. The samples were immediately
centrifuged (Universal, Germany) at 1700 g for 10 min to
separate the serum and stored at —80 °C until analysis.

Visual analogue scales (VAS) assessing satiety, hunger,
fullness and desire to eat were used to assign subjective
appetite ratings as the primary outcome of the study '~
2% Fach scale was 100 mm in length with words
anchored at each end, expressing the most positive and
negative rating of the category (e.g. for hunger ‘I am not
hungry at all’ at 0 mm and ‘I have never felt more hun-
gry’ at 100 mm). The VAS questionnaire was completed
before the lunchtime meal every 2 weeks. At each com-
pletion, subjects did not receive any information about
their previous ratings.

The secondary outcomes were weight, body mass index
(BMI), dietary intake, serum leptin and physical activity.
Body weight and height were measured in an overnight
fasting state, with minimal clothing and without shoes
using a digital scale (Seca, Hamburg, Germany) at base-
line and at the end of the study. BMI was calculated as
weight (kg) divided by height squared (m?). Serum leptin
was measured using a commercially available enzyme-
linked immunosorbent assays kit [Human leptin (highly
sensitive) assay kit; IBL, Fujioka City, Japan].

Participants were requested not to change their routine
physical activity or usual dietary intakes throughout the
study. They were asked to record their dietary intakes for
three non-consecutive days (two usual days and one
weekend day) at baseline and at the end of trial. To
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obtain nutrient intakes of participants based on a 3-day
food diary, we used Nutritionist IV software (First Data-
bank, San Bruno, CA, USA) modified for Iranian foods.
The dietary records were based on estimated values in
household measurements. Physical activity was recorded
using the short International Physical Activity Question-
naire at baseline and at the end of the study. Physical
activity was described as metabolic equivalents (METs) in
hours per day. To compute the METs for each subject,
we multiplied the times (h week ') reported for each
physical activity by its related METs coefficient in accor-
dance with standard tables.

Statistical analysis

spss, version 16.0 (SPSS Inc., Chicago, IL, USA) was used
to conduct the statistical analysis. P < 0.05 (two-sided)
was considered statistically significant. Continuous vari-
ables were summarised by treatment groups as the mean
(SD) and categorical variables were summarised as counts
and percentages. An analysis of variance (aNova)/analysis
of covariance (aNcova) model was used to compare the
final values for weight, BMI, dietary intake, leptin and
METs between groups after adjusting for baseline values.
Bonferroni multiple comparisons were applied as a post
hoc test to compare data between the groups in case the
results were significant. Repeated measure aNova was used
to analyse the VAS. To verify normality, a Kolmogorov—
Smirnov test was used. Data transformation was per-
formed if a variable distribution was not normal
P < 0.05 were considered statistically significant for all
analyses. Sample size calculations, which were based on
significance of the primary outcome (Beck Depression
Inventory score), were published previously 2%

Results

Trial enrollment, patient screening, study-group assign-
ments and follow-up summary of subjects have been
reported previously . Briefly, from 230 referred
patients, 110 subjects (32 men and 78 women) were
enrolled in the study and were randomly assigned to the
probiotic group (n = 38), prebiotic group (n = 36) or
placebo group (n = 36) (Fig. 1).

Baseline characteristics of the participants included in
the intention-to-treat analyses for each study group are
shown in Table 1. There was no significant difference
between groups for baseline characteristics. To determine
the difference in outcome variables between intervention
groups, the intention-to-treat approach was used for anal-
ysis of weight and BMI, and the per-protocol approach
was applied to the dietary intake, physical activity and
appetite outcome variables.

© 2019 The British Dietetic Association Ltd.
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[ Enrollment ]

Assessed for eligibility (n = 230)

Excluded (n = 120)

+ Not meeting inclusion criteria (n = 66)
+ Declined to participate (n = 54)

+ Other reasons (n =0)

Randomized (n = 110)
|

Allocated to placebo (n = 36)

+ Received allocated intervention (n = 36)

+ Did not receive allocated intervention
(n=0)

Allocation

v

]—

A4

A4

Allocated to prebiotic(n = 37)

+ Received allocated intervention (n = 37)

+ Did not receive allocated intervention
(n=0)

Allocated to probiotic (n =38 )
+ Received allocated intervention (n = 38)

+ Did not receive allocated intervention
(n=0)

1
[ Follow-Up ]
v

\4

Lost to follow-up (n = 5) (2 didn’t answer
the phone, 3 didn’t come to give second
series of supplements)

Discontinued intervention (n = 5) (dislike
the flavor of supplement = 1,
pregnancy=1, worse mental state = 1,
they didn’t want to continue as they
believed the supplement had no

Lost to follow-up (n = 2) (didn’t answer
telephone)

Discontinued intervention (n = 7)
((sluggish, sleepy and impatience = 1,
Nausea and dizziness = 1,
gastrointestinal complaints = 2,
constipation = 1, surgery = 1, she didn’t
like to continue as she believed the
supplement had no effect = 1)

Lost to follow-up (n = 3) (2 didn’t answer
the phone, 3 didn’t come to give second
series of supplements)

Discontinued intervention (n = 6)
(Increase in appetite = 1, dislike the flavo
of supplement = 1, fever and body
aches = 1, Nausea = 1, worse mental
state = 1, pimple and gastrointestinal
complaints = 1)

effect = 2)

[ Anallysis ]
v

l

Analysed per protocol (n =26 )
+ Excluded from analysis (n = 10)
(Didn't complete the study)

Analysed per protocol (n = 27)
+ Excluded from analysis (n = 10)
(Didn't complete the study)

Analysed per protocol (n = 28)
+ Excluded from analysis (n = 10)
(Didn't complete the study)

Figure 1 Summary of the patient flow diagram.

Table 1 Baseline characteristics of participating subjects

Probiotic Prebiotic Placebo
Characteristic (n = 38) (n = 36) (n = 36)
Gender, n (%)
Male 11 (28.9) 9 (25) 12 (33.3)
Female 27 (71) 27(75) 24 (66.6)
Age (years), mean (SD)  36.15(7.85) 37.35(7.97) 36 (8.47)
BDI score 18.25(11.4) 19.43 (13.5) 18.74(12.8)

BDI, Beck Depression Inventory score.

Physical activity decreased in all three groups, without
any significant difference in the average physical activity
levels between the three groups, as well as in pairwise
comparisons.

© 2019 The British Dietetic Association Ltd.

The appetite of study participants was assessed using a
four-component VAS: desire to eat, hunger, satiety and
fullness. Analysis of the VAS data using a repeated mea-
sures ANovAa yielded no significant intervention—time
interactions but did show a significant increase over
time for desire to eat within the probiotic group
(P =0.025) (Fig. 2a). Although an increasing trend in
hunger was seen within the probiotic group, this was
not statistically significant (P = 0.13) (Fig. 2b). Satiety
and fullness did not change significantly over time in
the three groups (Fig. 2c,d). ancova for VAS data (ad-
justed for baseline) at weeks 2, 4, 6 and 8, showed that
probiotic increased the desire to eat at weeks 6 and 8, at
the same time as significantly increasing hunger only at
week 8. Baseline values were included as covariates in
the ANcOvA.
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Figure 2 Mean appetite ratings at baseline, weeks 2, 4, 6 and 8, recorded on 100-mm lines, during the consumption of probiotic , probiotic —s—,
prebiotic —e—, and placebo —s—. (a) Desire to eat; (b) Hunger; (c) Satiety; (d) Fullness.

Dietary intake data are presented in Table 2. Energy
intake increased in the probiotic and placebo groups,
whereas it decreased in the prebiotic group. Only the dif-
ference between the probiotic and prebiotic group was
significant in the pairwise comparison (P = 0.03, Cohen’s
d = 0.48). There was no significant difference between the
three groups for macro- and micronutrient intake, except
for fat (P = 0.04). In a pairwise comparison, total fat
intake decreased in the prebiotic group compared to the
probiotic (P = 0.04, Cohen’s d=10.4) and placebo
(P = 0.03, Cohen’s d = 0.44); however, the percentage fat
from total caloric intake did not decrease significantly.
Among micronutrients, only selenium was decreased in
the probiotic group compared to placebo (P = 0.02,
Cohen’s d = 0.37).

There was no significant difference in BMI or weight
among the three groups®, nor was there a difference
via pairwise comparison using ANOVA/ANCOVA tests in this
analysis (Tables 3 and 4). For leptin levels, no difference
was observed when comparing the three groups by
ANOVA/ANCOVA  tests, although pairwise comparisons
revealed that serum leptin levels increased significantly
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in the probiotic group compared to the prebiotic
(Table 4).

Discussion

According to our post hoc analysis of this randomised
1 29 of patients with MDD, probiotic sup-
plementation resulted in an increase in both desire to eat
and hunger. Most studies investigating the effect of probi-
otics on weight or BMI have not evaluated appetite. The
only study that has measured appetite was conducted by
Sanchez et al. "> who investigated the effect of probiotics
together with a weight loss programme on appetite in
obese subjects. In this study, probiotics led to an increase
in the fasting desire to eat in women, at the same time as

controlled tria

increasing fullness in the fasting state in men. By contrast,
satiety efficiency at lunch increased in both genders'”.

It is now established that the effects of probiotics are
strain-dependent *". We used probiotic strains 2%
and a prebiotic component *’*?) that were shown to be
effective at improving mood in previous studies. Similar

to the other outcomes, the effect of probiotics on appetite

© 2019 The British Dietetic Association Ltd.
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Table 2 Mean (SD) of dietary intake at baseline and at the end of week 8

Probiotics regulate appetite

Probiotic Prebiotic Placebo
Baseline End Baseline End Baseline End P value
Energy (kcal) 1537 (317) 1662 (334) 1467 (409) 1405 (421) 1505 (565) 1547 (570) 0.06
Protein (g) 53.1 (17.4) 53.2 (13.7) 53.7 (19.9) 52.11 (26) 56.4 (24.1) 59.2 (24.1) 0.35
Protein (%) 13.3 (2.4) 12.6 (2.3) 14.5 (2.3) 14 (3.3) 14.9 (2.2) 14.8 (4.4) 0.12
Fat (g) 49.9 (14.6) 54.6 (19.5) 50.1 (19.7) 46 (22) 50.8 (20.9) 55 6 (24.7) 0.04
Fat (%) 28 (7.8) 29.9 (6.2) 30 (7.9) 289 (7.7) 30 (5.2) 2 (6.4) 0.16
CHO (9) 233.6 (56) 244 (60) 198.6 (67) 199 (57) 209 (78) 207 (82) 0.72
CHO (%) 58.4 (7.9) 58 (6.3) 55 (7.5) 56.4 (8.3) 54.8 (6.2) 52.4 (8.1) 0.22
Fibre (g) 13.4 (7) 11.8 (5.7) 10.4 (4.6) 11.6 (6.1) 11.9 (4.6) 11.2 (4.8) 0.7
Cholesterol (mg) 155.1 (96.3) 175.3 (101.6) 164.9 (115.5) 140.2 (99) 152.3 (128.6) 136 (129.4) 0.24
Mg (mg) 157 (59.3) 161 5 (46) 138.3 (43.5) 164.5 (62.5) 150.9 (68.8) 143 2 (58.4) 0.22
Zn (mg) 5(1.7) 2 (2.5) 5.5(2.1) 5(2.7) 6 (3.4) 4(3.2) 0.32
Se (ug) 0.07 (0.05) 0. 06 (0.03) 0.06 (0.03) 0.07 (0.05) 0.06 (0.05) 0. 08 (0.04) 0.05
Vitamin E (mg) 2.8(2.3) 2(2.3) 1.94 (1.89) 2.26 (1.46) 2.1(2.96) 2.46 (3.1) 0.75
Vitamin C (mg) 44.5 (64.9) 63.5 (122) 61.4 (65.4) 81.9 (69) 53.8 (53.7) 58.3 (60.8) 0.87
MET (h week™") 19.6 (17.34) 15.54 (14.15) 16.87 (12.5) 14.14 (8.16) 17.18 (13.26) 15.25 (14.41) 0.94
CHO, carbohydrate; MET, metabolic equivalents; Mg, magnesium; Se, selenium; Zn, Zinc.
Table 3 Mean (SD) values of weight, body mass index (BMI) and leptin at baseline and at the end of week 8
Probiotic Prebiotic Placebo
Outcome Baseline End Baseline End Baseline End P value
Weight (kg) 71.7 (11.8) 72.8 (12.4) 72.5 (15.6) 72.8 (15.9) 73.3 (14.1) 73.8 (13.7) 0.27¢
0.84*
BMI (kg m™) 26.2 (4.0) 26.7 (4.4) 27 (5.1) 27.2 (5.2) 26.6 (4.9) 26.9 (4.6) 0.28"
0.43*
Leptin (ng mL™") 9(3.2) 5.6 (3.2) 6 (3.6) 6 (3.7) 5(3.8) 9 (3.8) 0.08"
0.07°
BMI, Body mass index.
fAdjusted for baseline values.
*Adjusted for baseline and energy intake.
SAdjusted for baseline, energy intake and BMI.
Table 4 Pairwise comparison of the groups may depend on the host appetite status and the reason
Comparisons (P value) for impaired appetite.
To our knowledge, no study has investigated the effect
Probiotic Prebiotic Probiotic of probiotics on the appetite of depressed patients. How-
Versus versus Versus ever, several mechanisms may explain the effect of probi-
placebo placebo prebiotic . L. . . .
otics on appetite in people with depression as observed in
Outcome ES"d Pvalue ESTd Pvalue ESTd Pvalue the present study. Probiotics have been shown to decrease
Weight (ko) 005 028" 003 088" 009 006 inflammatory c%ltol(<3i;13els) and. modulat.e neurotransm‘itte.rs
0.75¢ 0.97% 0.50¢ such as serotonin 7"/, which may improve appetite in
BMI (kg m 2) 0023 0270 002 091" 004 0.053" depressed subjects. Inflammatory cytokines induce anor-
0.25% 0.74* 0.29* exia by interacting with appetite-regulating neurotrans-
leptin (ng mL™") 023 008" 007 091" 032 003 mitters (inhibiting neuropeptide Y and stimulating the
0.07¢ 0.71% 0.06°

BMI, body mass index; ES, effect size.
fAdjusted for baseline values.
*Adjusted for baseline and energy intake.

SAdjusted for baseline, energy intake and BMI.

© 2019 The British Dietetic Association Ltd.

release of o-melanocyte-stimulating hormone in the
hypothalamus) %, as well as stimulating the release of
hormones that are considered to be appetite-regulating
factors, such as glucagon, insulin, leptin ®” and gluco-
corticoids  ®?.  Furthermore, inflammation induces
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anhedonic responses by disrupting the basic reward beha-
viour ®**%_ Serotonin improves anhedonia; the reward-
related areas in the brain, both cortical and subcortical,
are innervated extensively by serotonergic neurones %,
Moreover, the serotonergic transmitter system has a mod-
ulatory effect on the reward network via different recep-
tors and the serotonin transporter ®°~%. Furthermore,
the present study confirmed the results of five previous
studies showing the absence of a significant effect of pre-
biotics (inulin-type fructans) on appetite **~**. Two
studies, one conducted in obese subjects “** and one in
children “**, indicated a loss of appetite after inulin con-
sumption.

The probiotic increased energy intake, whereas the pre-
biotic decreased it; however, these changes were not sig-
nificant compared to the placebo. Most studies indicated
no significant effect of probiotics on energy intake. Simi-
larly, in a systematic review of studies that assessed the
effect size of prebiotics on energy intake, 11 studies
demonstrated no significant effect of prebiotics on energy
intake, whereas one study revealed a reduction in energy
intake by prebiotic consumption ',

Our results revealed that probiotic supplementation
increased leptin levels compared to the prebiotic. This
result was unexpected considering that appetite increased
in the probiotic group. The results of previous studies on
the effect of probiotics on leptin are inconsistent. A study
on heavy smokers indicated significant reduction of leptin
following 6 weeks supplementation with Lactobacillus plan-
tarum “®. In another study, 6 months of treatment with
probiotics in morbidly obese, non-alcoholic, fatty liver dis-
ease (NAFLD) patients who underwent laparoscopic sleeve
gastrectomy did not significantly modulate serum leptin
levels ““”). Moreover, two other studies in obese individuals
demonstrated no significant effect of 2 “® and 12 months
9 of probiotic supplements together with a low calorie
diet compared to the low calorie diet alone. The only study
that examined the effect of prebiotics on leptin indicated
that oligofructose, as well as probiotics, decreased leptin
significantly in NAFLD patients after 12 weeks . The
main difference between these previous studies and our
study is the non-depressed obese participants versus nor-
mal to obese depressed participants in the present study.
The studies investigating the effect of antidepressants on
the improvement in the symptoms of depression indicated
more elevated leptin values with the improvement from
depression %, Although cortisol stimulates leptin secre-
tion from adipocytes at the initial phases of depression,
chronic stimulation causes a down-regulation in glucocor-
ticoid receptors on adipose tissue. As antidepressants or
probiotics improve the depression, glucocorticoid receptor
resistance will resolve, and the sensitivity of adipocytes to
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the leptin-stimulating effect of glucocorticoids will be
increased ).

Neither the probiotic, nor the prebiotic significantly
affected weight or BMI in the present study®®. A lack of
significant change in BMI despite an increase in appetite
and leptin in the probiotic group may be a result of the
duration of the present study, which might have not been
sufficiently long enough to reveal a significant change in
BMI. Previous studies investigating the effect of probi-
otics on weight or BMI yielded inconsistent results and a
meta-analysis revealed that these effects were strain-speci-
fic ™. Our results from the prebiotic group are consis-
tent with five studies reporting no effect of prebiotics on
weight loss in normal ®* or overweight individuals
(435455 O the other hand, two studies conducted on
overweight and obese subjects observed a weight-reducing
effect of prebiotics ®**”.

The limitations of the present study include a rela-
tively small sample size, the lack of faecal microbiome
analysis and a short study duration. A strength of the
present study is the selection of probiotic strains that
have been shown to improve mood disorders in previ-
ous studies.

In conclusion, the probiotic increased the desire to eat
and serum leptin levels, whereas it had no effect on the
weight or BMI in patients with MDD. The probiotic may
increase appetite and energy intake by improving depres-
sion, which leads to an increase in leptin levels as a com-
pensatory mechanism. Galactooligosaccharide did not
significantly change appetite, energy intake, weight or lep-
tin levels.
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Abstract

Background: Fruit juice and soft drink consumption have been shown to be
related to obesity. However, this relationship has not been explored in East-
ern Europe. The present study aimed to assess the cross-sectional and longi-
tudinal relationships between fruit juice, soft drink consumption and body
mass index (BMI) in Eastern European cohorts.

Methods: Data from the Health, Alcohol and Psychosocial factors in Eastern
Europe population-based prospective cohort study, based in Russia, Poland
and the Czech Republic, were used. Intakes of sugar-sweetened beverage
(SSB), artificially-sweetened beverage (ASB) and fruit juice were estimated
from a food frequency questionnaire. Participant BMI values were assessed
at baseline (n = 26 634) and after a 3-year follow-up (data available only
for Russia, n = 5205).

Results: Soft drink consumption was generally low, particularly in Russia.
Compared to never drinkers of SSB, participants who drank SSB every day
had a significantly higher BMI in the Czech [B-coefficient = 0.28; 95% con-
fidence interval (CI) = 0.02-0.54], Russian (B-coefficient = 1.38; 95%
CI = 0.62-2.15) and Polish (B-coefficient = 0.83; 95% CI = 0.29-1.37)
cohorts. Occasional or daily ASB consumption was also positively associated
with BMI in all three cohorts. Results for daily fruit juice intake were incon-
sistent, with a positive association amongst Russians (f-coefficient = 0.75;
95% CI = 0.28-1.21) but a negative trend in the Czech Republic (B-coeffi-
cient = —0.42; 95% CI = —0.86 to 0.02). Russians participants who drank
SSB or ASB had an increased BMI after follow-up.

Conclusions: Our findings support previous studies suggesting that soft
drink consumption (including SSBs and ASBs) is positively related to BMI,
whereas our results for fruit juice were less consistent. Policies regarding
these beverages should be considered in Eastern Europe to lower the risk of
obesity.

© 2019 The Authors. Journal of Human Nutrition and Dietetics published by John Wiley & Sons Ltd on behalf of
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Introduction

Cardiovascular disease (CVD) mortality and morbidity
rates in Eastern European countries (EECs) are consider-
ably higher than in the West "), This health gap emerged
in the 1970s, became more pronounced after the political
reconstruction in the early 1990s and, despite some
reduction in recent years, it still exists today .

It is likely that unhealthy diet has contributed to the
high CVD rates in EECs ™. For example, the subsidy of
foods with a high saturated fat content could have con-
tributed to the excessive consumption of such products
before the 1990s ). More recent data from EEC show
that intakes of saturated fats, sugar and meat products
are still too high, whereas the consumption of fruits and
vegetables is lower than World Health Organization
(WHO) recommendations . Other diet-related risk
factors, such as obesity, could have also contributed to
the health gap between Eastern and Western Europe.
Obesity rates have almost tripled over the last 30 years
globally %)
19 projections suggest a considerable further increase in
the prevalence of obesity in EECs by 2050 ",

The consumption of soft drinks, including sugar-sweet-
ened beverages (SSBs) and artificial-sweetened beverages

, and similar trends can be observed in EEC.

(ASB), has increased substantially during the past decades
in most parts of the world '?. Although Eastern Euro-
peans are considered to be low consumers in this aspect
as) increasing trends can be observed here too, particu-
larly after the political reconstruction in 1990 %,
Because most previous studies show that regular soft
drink consumption is related to a higher body mass index
(BMI), these products may be partly responsible for the
global obesity epidemic '*'7). However, the available evi-
dence is not entirely consistent '®'?). A similar debate
has emerged regarding fruit juice consumption 2%,
Although moderate fruit juice intake may provide nutri-
tional benefits and does not appear to have a negative
impact on body weight measures, ** some studies have
shown that their regular intake was positively associated
with long-term weight gain ",

Consumption patterns of soft drinks and fruit juices
have not been explored in Eastern European adults, and
their association with obesity within this region has not
been assessed. Using data from the Health, Alcohol and
Psychosocial Factors in Eastern Europe (HAPIEE)
prospective cohort study, we examined the cross-sectional
relationship between fruit juice/soft drink consumption
and obesity in Russian, Czech and Polish cohorts, and we
explored whether these drinks affect BMI change over
time in the Russian cohort where follow-up data were
available.

Soft drinks consumption and obesity in East-Europe

Materials and methods

Study sample
The HAPIEE study is a multicentre prospective cohort
study with participants recruited in Russia, Poland and
Czech Republic ®?. The cohorts in each country con-
sisted of random samples of men and women aged 45—
69 years at baseline, who were selected from population
registers in Novosibirsk (Russia), Krakow (Poland) and
six towns in the Czech Republic, stratified by gender and
5-year age groups. The overall response rate was 59% 2.
From 28 945 participants at baseline, those who had
missing data on the exposure (n = 718), outcome
(n = 46) and covariates (n = 1283) were excluded from
the sample. Individuals with extreme values for weight
(more than 200 kg), height (more than 205 cm) and
energy intake (more than 5000 kcal day™' or less than
500 kcal dayfl) were also excluded (n = 264). After these
exclusions, the analytical sample for the cross-sectional
assessment consisted of 26 634 individuals. In addition to
the cross-sectional analysis with baseline measurements,
BMI change over time was assessed in the Russian cohort.
From the 6182 individuals who participated in the second
wave of the study in this country, data on height and
weight measurements were available for 5205 people.

Data collection

Baseline survey (wave 1) was conducted between 2002
and 2005. In Russia, questionnaires and examinations
were carried out in a clinic. In Poland and the Czech
Republic, questionnaires were completed at home and
examinations were carried out in a clinic. The structured
questionnaires covered health, lifestyle, food frequency,
socioeconomic circumstances, psychosocial factors and
psychosocial environment at work. The examination
included anthropometric, physical, cognitive and blood
evaluations. The cohorts were re-interviewed in 2006—
2008 (wave 2) %, although height and weight were mea-
sured only in Russian participants; therefore, longitudinal
evaluations analyses could not be performed in the Polish
and Czech cohorts.

Participants were asked ‘how often, on average in the
last 3 months they consumed specific foods and drinks’,
details of this dietary data collection procedures with
food frequency questionnaires (FFQ) have been described
earlier **. The FFQ item that asked the participants
about the intake of non-alcoholic carbonated (fizzy)
drinks, such as coke, fizzy orange or lemonade, was used
to estimate SSB consumption, whereas the item on low-
calorie (diet) carbonated drinks was used for ASB. Fruit
juice intake was also assessed with one FFQ item which

© 2019 The Authors. Journal of Human Nutrition and Dietetics published by John Wiley & Sons Ltd on behalf of 67
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asked about the intake of fruit juices, such as apple
drinks. For all fruit juice and soft drinks, one drink was
equivalent to 200 mL. For the current analysis, all partici-
pants were classified into three categories of their SSB,
ASB or fruit juice consumption: never drinkers, occa-
sional drinkers (less than one drink per day) and daily
drinkers (one or more drinks per day). Three categories
were specified to assess the gradient in the potential effect
and not just the difference between drinkers and non-
drinkers.

Measured and self-reported height and weight were
used to calculate the BMI. Height was measured using a
mechanical stadiometer and weight was assessed with an
electronic scale (both measurements were obtained with-
out shoes and outer clothes) 23 At baseline, 3085
(10.7%) participants had missing data on either measured
weight or measured height; to avoid losing so many sub-
jects, missing data of measured weight and height were
replaced by self-reported weight and height, respectively.
This replacement was based on a high correlation
between the measured and self-reported data in partici-
pants with both indicators available (r = 0.97, r = 0.95).
For further confirmation, we also ran the analysis on par-
ticipants with measured BMI values, and the results
obtained were similar to our main findings. BMI was cal-
culated dividing body weight by the square of body
height (kg m ). In line with the WHO categorisation of
BMI for adult population, obesity was defined as
BMI >30 kg m 2.

In the second wave of data collection in the Russian
cohort, measured height and weight was used to calculate
BMI. The change in BMI was obtained by subtracting
BMI at baseline from BMI in wave 2.

Ethical approval

All participants provided informed consent prior to their
inclusion in the study. Study protocols were approved by
ethical committees at University College London, and all
participating centres in Poland, Russia and the Czech
Republic and have therefore been performed in accor-
dance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments.

Statistical analysis

The cross-sectional associations between the exposure
(fruit juice, SSB and ASB consumption) and outcome
(BMI) variables were assessed with multivariable-adjusted
linear and logistic regression models. In the linear regres-
sion, BMI was used as continuous variable, whereas, in
the logistic regression models, BMI was dichotomised in
two categories: obese (BMI >30 kg m*) and non-obese

A. Garduno-Alanis et al.

(BMI <30 kg m 2). All associations were assessed in three
models. In model 1, these were adjusted for age and sex.
In model 2, they were further adjusted for socio-demo-
graphic variables, such as education and marital status.
Finally, in model 3, lifestyle factors that can act as poten-
tial confounders, including smoking, alcohol consump-
tion, physical activity, energy intake and fruit and
vegetable consumption, as well as previously diagnosed
chronic diseases, such as diabetes, CVD or cancer, were
also included.

Because we found statistically significant heterogeneity
in country cohort-specific associations of SSB, ASB and
fruit juice consumption with BMI (P < 0.001), all results
are presented separately in the Czech, Polish and Russian
samples, and pooled results are not shown. No other
covariates emerged as significant effect modifiers across
the three cohorts.

In the longitudinal analysis, associations between the
exposure (fruit juice, SSB and ASB) and changes in BMI
were examined using multivariable logistic regression
models. For this analysis, an increase in BMI of more
than 1 kg m > between wave 1 and 2 was used as the
main outcome variable. As a result of the low number of
daily soft drink consumers and the consequent impact on
statistical power, in this part of the analysis, we compared
only two categories of participants: drinkers and non-
drinkers.

All tests were performed with stata, version 15 (Stata-
Corp, College Station, TX, USA). P < 0.05 was consid-
ered statistically significant.

Results

Descriptive characteristics of the sample are shown in
Table 1. The mean BMI in the analytical sample was
28 kg m* or higher in all three cohorts. With the excep-
tion of SSB intake among Czech participants, soft drink
consumption was generally low, particularly in Russia,
where the prevalence of daily SSB and ASB consumption
was <2% and 1%, respectively. Fruit juice consumption
was also found to be relatively low, with less than 10% of
the sample reported to drink it every day in Russia and
the Czech Republic.

In the bivariate analysis (Table 2), almost all of the
covariates were associated with fruit juice, SSB and ASB
consumption in the pooled sample. Daily fruit juice con-
sumption was found to be considerably more common in
females, participants with higher education and abstainers
from alcohol, as well as among those who reported higher
physical activity. By contrast, regular SSB intake was more
common in males, individuals with lower education and
regular alcohol drinkers, as well as in those who reported
less exercise. Both SSB and ASB were more common in

68 © 2019 The Authors. Journal of Human Nutrition and Dietetics published by John Wiley & Sons Ltd on behalf of
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Table 1 Descriptive characteristics of the study sample by country (n = 26 634)

Soft drinks consumption and obesity in East-Europe

Variable

Country

Czech (n = 7747)

Russia (n = 9218)

Poland (n = 9675)

Total (n = 26 634)

BMI (kg m™2), mean (SD) 28.1 (4.5)
Fruit juice consumption, n (%)
Never drink 3503 (45.2)
<1 per day 3796 (49.0)
>1 per day 442 (5.7)
Soft drinks
SSB consumption, n (%)
Never drink 3621 (46.8)
<1 per day 2386 (30.8)
>1 per day 1734 (22.4)
ASB consumption, n (%)
Never drink 5697 (73.6)
<1 per day 1480 (19.1)
>1 per day 564 (7.3)
Age group (years), n (%)
<55 2913 (37.6)
55-65 3212 (41.5)
>65 1616 (20.9)
Sex, n (%)
Men 3642 (47.0)
Woman 4099 (53.0)
Education, n (%)
Primary or less 900 (11.6)
Vocational 2802 (36.2)
Secondary 2912 (37.6)
University degree 1127 (14.6)
Marital status, n (%)
Living with a partner 5903 (76.3)
Living without a partner 1838 (23.7)
Smoking, n (%)
Never smoker 3370 (43.5)
Ex-smoker 2315 (30.0)
Regular smoker 2056 (26.6)
Alcohol consumption (g day™"), n (%)
0 921 (11.9)
>0-20 5494 (71.0)
>20 1326 (17.1)
Physical activity (MET-h day™"), n (%)
<5 2711 (35.0)
5-15 3809 (49.2)
>15 1221 (15.8)
Energy (kcal day™"), n (%)
<2000 4320 (55.8)
2000-2500 1884 (24.3)
>2500 1537 (19.9)
Fruits and vegetables consumption (g day™"), n (%)
<300 1825 (23.6)
300-600 3064 (39.6)
>600 2852 (36.8)
CVD or cancer in medical history, n (%)
No 6664 (86.1)
Yes 1077 (13.9)

28.5 (5.5)

3672 (39.8)
4992 (54.2)
554 (6.0)

7142 (77.5)
1903 (20.6)
173 (1.9)

8961 (97.2)
205 (2.2)
52 (0.6)

3341 (36.2)
3724 (40.4)
2153 (23.4)

4164 (45.2)
5054 (54.8)

967 (10.5)
2445 (26.5)
3146 (34.1)
2660 (28.9)

6649 (72.1)
2569 (27.9)

5377 (58.3)
1255 (13.6)
2586 (28.1)

1472 (16.0)
6630 (72.0)
1116 (12.1)

2638 (28.6)
5245 (56.9)
1335 (14.5)

2419 (26.2)
2487 (27.0)
4312 (46.8)

3531 (38.3)
4154 (45.1)
1533 (16.6)

7808 (84.7)
1410 (15.3)

28.0 (4.6)

2477 (25.6)
5456 (56.4)
1742 (18.0)

7935 (82.0)
1468 (15.2)
272 (2.8)

8156 (84.3)
908 (9.4)
611 (6.3)

3793 (39.2)
3950 (40.8)
1932 (20.0)

4703 (48.6)
4972 (51.4)

1124 (11.6)
2034 (21.0)
3748 (38.7)
2769 (28.6)

7384 (76.3)
2291 (23.7)

3832 (39.6)
2733 (28.3)
3110 (32.1)

3289 (34.0)
5797 (60.0)
589 (6.1)

2861 (29.6)
5083 (52.5)
1731 (17.9)

4351 (45.0)
2857 (29.5)
2467 (25.5)

2500 (25.8)
4485 (46.4)
2690 (27.8)

8196 (84.7)
1479 (15.3)

28.2 (5)

9652 (36.2)
14 244 (53.5)
2738 (10.3)

18 698 (70.2)
5757 (21.6)
2179 (8.2)

22 814 (85.7)
2593 (9.7)
1227 (4.6)

10 047 (37.7)
10 886 (40.9)
57.01 (21.4)

12 509 (47.0)
14 125 (53.0)

2991 (11.2)
7281 (27.3)
9806 (36.8)
6556 (24.6)

19 936 (74.8)
6698 (25.2)

12 579 (47.2)
6303 (23.7)
7752 (29.1)

5682 (21.3)
17 921 (67.3)
3031 (11.4)

8210 (30.8)
14 137 (53.1)
4287 (16.1)

11 090 (41.7)
7228 (27.1)
8316 (31.2)

7856 (29.5)
11 703 (44.0)
7075 (26.6)

22 668 (85.1)
3966 (14.9)

© 2019 The Authors. Journal of Human Nutrition and Dietetics published by John Wiley & Sons Ltd on behalf of
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Table 1 Continued

A. Garduno-Alanis et al.

Country

Variable Czech (n = 7747)

Russia (n = 9218)

Poland (n = 9675) Total (n = 26 634)

Diabetes in medical history, n (%)
No 6863 (88.7)
Yes 878 (11.3)

8728 (95.7)
490 (5.3)

8571 (38.6)
1104 (11.4)

24 162 (90.7)
2472 (9.3)

ASB, artificially sweetened beverages; BMI, body mass index; CVD, cardiovascular disease; MET, metabolic equivalents; SSB, sugar-sweetened

beverages.

younger compared to older participants, as well as among
regular smokers and among those who eat high amounts
of fruits and vegetables. These results were largely similar
if the associations were examined separately in the three
countries (data not shown).

Table 3 shows the results of the multivariable-adjusted
linear regression analysis for the association of fruit juice,
SSB and ASB consumption with BMI, separately by coun-
try-cohorts.

Participants who drank fruit juice every day had signifi-
cantly higher BMI compared to never drinkers in the
Russian sample, and a similar positive trend, although
statistically not significant, was found in Poland. How-
ever, the direction of the association was the opposite in
the Czech cohort, indicating lower BMI among daily fruit
juice drinkers with borderline statistical significance after
multivariable adjustment.

Regarding SSB, we found a positive association with a
clear dose-response gradient across occasional and daily
drinkers in all three cohorts. Compared to never drinkers,
individuals with occasional or regular ASB intake had a
significantly higher BMI in the Czech and Polish cohorts,
whereas this positive association was statistically signifi-
cant among occasional drinkers in Russia.

Results were similar when the associations were exam-
ined with logistic regression models using obesity
(BMI > 30 kg m?), as the main outcome variable
(n = 8358) (see Supporting information, Table S1).

Table 4 shows the results of the multivariable logistic
regression models for the association between fruit juice/
soft drink consumption and an increase in BMI of more
than 1 kg m > over an average follow-up of 3 years
among Russian participants. BMI increased by more than
1 kg m? in 1789 participants (34.4% of the sample),
whereas it decreased or increased <1 kg m  in 3416 peo-
ple (65.6%). The mean (SD) change of BMI in these
groups was 2.4 (2.6) kg m? and —0.56 (1.3) kg m 2,
respectively. We found that SSB and ASB intake was sig-
nificantly related to BMI increase. On the other hand,
fruit juice consumption was associated with lower risk of
BMI increase but this association was not statistically
significant.

Discussion

Main findings

In the present study investigating soft drink and fruit
juice consumption in three Eastern European cohorts, we
found a relatively low prevalence of daily consumption of
both, particularly in Russia. Despite some inconsistencies
across cohorts, the cross-sectional analyses indicated that
occasional or daily SSB and ASB consumptions were
related to higher BMI. The prospective analysis of the
Russian cohort also suggested that individuals who occa-
sionally drank these food products had a higher risk of
increased BMI at follow-up. The results on fruit juice
consumption were inconsistent because the BMI of regu-
lar drinkers, compared to never drinkers, appeared to be
higher in the Russia and Poland but lower in the Czech
Republic.

Interpretation of the results

Overall, 10.3% of the participants reported that they
drank fruit juice every day, which is lower than the
intakes reported for Western European countries. ' The
observed rates of daily soft drink consumption of 8.2%
and 4.6% for SSB and ASB, respectively, are low com-
pared to global reports from 2016 >'® | However, the
mean age of our respondents was 58 years, and drinking
of SSB is much more common at a younger age. For
example, everyday consumption of fruit juice was
observed in 28% and SBB in 17% of young people in
Poland. ?* Furthermore, because the data for the present
study were collected in 2002-2004, consumption habits
may have subsequently changed. Nevertheless, more
recent surveys also suggest a relatively low intake of sug-
ary drinks in Russia ).

Our results for the association between soft drinks,
fruit juice consumption and BMI are generally consistent
with existing literature. Previously published studies that
examined the link between fruit juice intake and obesity
often produced conflicting results ?**”), Although fruit
juice consumption has been associated with a small
amount of long-term weight gain **), a moderate amount

70 © 2019 The Authors. Journal of Human Nutrition and Dietetics published by John Wiley & Sons Ltd on behalf of
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Table 3 Multivariable linear regression for body mass index and fruit juice/soft drink consumption, by country

Model 1 Model 2 Model 3
Country Exposure Intake level n B coeff. 95% ClI Pvalue B coeff. 95% Cl Pvalue B coeff. 95% Cl P value
Czech Fruit juice  Never 3505 ref. ref. ref.
<1 day’1 3796 -0.68 —-0.89, —0.47 <0.001 -0.49 -0.70, —0.28 <0.001 -0.30 -0.50, —0.09  0.005
>1 day’1 442 -0.83 —-1.28, -0.39 <0.001 -0.69 -—-1.17,-0.24 0.002 -042 —-0.86, 0.02 0.060
SSB Never 3621 ref. ref. ref.

<1 day™' 2386 —0.16 —0.39, 0.08 0.195 -0.14 -0.37, 0.09 0.233 020 -0.02,0.44 0.081
>1 day ™’ 1734 -0.02 -0.28,0.24 0.903 -0.21 -0.47,0.04 0.103  0.28 0.02, 0.54 0.037

ASB Never 5697 ref. ref. ref.
<1 day™" 1480  0.57 0.31, 0.82 <0.001 0.57 0.32, 0.82 <0.001 0.48 0.23, 0.73 <0.001
>1 per day 564 1.82 1.43, 2.20 <0.001 1.70 1.32, 2.08 <0.001 1.47 1.09, 1.84  <0.001
Russia  Fruit juice  Never 3672 ref. ref. ref.

<1 per day 4992 0.14  -0.09, 0.36 0.236 0.18 —0.05, 0.40 0.127 0.13  -0.10, 0.35 0.267
>1 per day 554 0.65 0.18, 1.11 0.007 0.77 0.30, 1.25 0.001 0.75 0.28, 1.21 0.002
SSB Never 7142 ref. ref. ref.
<1 per day 1903 0.48 0.15, 0.68 0.002 0.33 0.06, 0.59 0.015 0.49 0.23, 0.75 <0.001
>1 per day 173 1.39 0.61, 2.17 <0.001 1.31 0.53, 2.09 0.001 1.38 0.62, 2.15 <0.001
ASB Never 8961 ref. ref. ref.
<1 per day 205 0.99 0.28, 1.71 0.007 0.98 0.27, 1.70 0.007 0.74 0.04, 1.44 0.039
>1 per day 52 —-0.01 —1.42,1.40 0985 -0.02 —1.42,1.38 0.978 —-0.27 —1.64,1.11 0.704
Poland  Fruit juice Never 2477  ref. ref. ref.
<1 per day 5456 -0.05 -—0.27,0.17 0.629 0.12 -0.10, 0.34 0.299 0.20 -0.02, 0.41 0.074
>1 perday 1742 -0.06 —0.34,0.23 0.685 0.21  —-0.08, 0.50 0.153  0.25 -0.03, 0.54 0.082
SSB Never 7935 ref. ref. ref. ref. ref. ref. ref. ref. ref.
<1 per day 1468 0.21 —0.05, 0.48 0.114 0.21 —0.05, 0.48 0.108 0.41 0.16, 0.67 0.001
>1 per day 272 0.58 0.02, 1.14 0.042 0.53 -0.03, 1.08 0.062 0.83 0.29, 1.37 0.003
ASB Never 8156 ref. ref. ref. ref. ref. ref. ref. ref. ref.
<1 per day 908 0.26 —0.06, 0.58 0.109 0.21 —0.10, 0.53 0.19 0.30 0.00, 0.61 0.051
>1 per day 611 0.80 0.42,1.18 <0.001 0.80 0.38, 1.14 <0.001 0.62 0.26, 0.99 0.001

ASB, artificially sweetened beverages; Cl, confidence interval; coeff., coefficient; ref., reference; SSB, sugar-sweetened beverages.

Model 1: Adjusted for: age + sex. Model 2: model 1 + education + marital status. Model 3: Model 2 + smoking + alcohol consumption + physi-
cal activity + energy consumption + fruits and vegetables consumption + cardiovascular disease or cancer in medical history + diabetes in medical
history. P < 0.05 was considered statistically significant.

Table 4 Multivariable logistic regression for a unit change in body mass index and fruit juice/soft drink consumption, at second wave (2006—
2008) in the cohort in Russia (n = 5205)

Model 1 Model 2 Model 3

Exposure Intake level n OR 95% Cl P value OR 95% Cl P value OR 95% Cl P value
Fruit juice No Drinkers 1963 ref. ref. ref.

Drinkers 3242 0.90 0.80, 1.02 0.106 0.94 0.83, 1.07 0.368 0.92 0.81, 1.05 0.203
SSB No Drinkers 4048 ref. ref. ref.

Drinkers 1157 1.28 1.11,1.47 <0.001 1.25 1.09, 1.44 0.001 1.26 1.09, 1.45 0.001
ASB No Drinkers 5091 ref. ref. ref.

Drinkers 114 1.75 1.21, 2.55 0.003 1.75 1.20, 2.54 0.004 1.63 1.12, 2.39 0.012

ASB, artificially sweetened beverages; Cl, confidence interval; coeff., coefficient; ref., reference; SSB, sugar-sweetened beverages.

Body mass index (BMI) change > 1 units (n = 1789; 34.4%) vs. BMI change < 1 units (n = 3416; 65.6%). Model 1: Adjusted for: age + sex.
Model 2: model 1 + education + marital status. Model 3: Model 2 + smoking + alcohol consumption + physical activity + energy consump-
tion + fruits and vegetables consumption + BMI at baseline + cardiovascular disease or cancer in medical history + diabetes in medical history.
P < 0.05 was considered statistically significant. 1 unit change = 1 kg m™2.

of fruit juice could be recommended to different popula- those of whole fruits, whereas it contains much less fibres,
tions without detrimental effects on weight ?%. Because its beneficial effect on health is probably weaker com-
the sugar content of fruit juice is similar or higher than pared with fruits ®”. In the present study, the conflicting
© 2019 The Authors. Journal of Human Nutrition and Dietetics published by John Wiley & Sons Ltd on behalf of 73
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results between the Czech and Russian cohorts may be
also explained by residual confounding, such as a stronger
link between fruit juice intake and a health-conscious life-
style in the Czech Republic.

Regarding SSB, we found that occasional or everyday
consumption was associated with higher BMI in all three
cohorts. This result is consistent with previous evidence
obtained from other populations, as supported by both
observational studies and randomised controlled trials
(143030 " Por example, in a recent systematic review,
among 26 observational studies, only one reported no
association between SSB intake and weight gain %,

In terms of possible mechanism, SSB consumption can lead
to weight gain either directly, through higher energy intake
from the drinks themselves, or indirectly through energy
intake from other food products, because calorie intake from
liquid carbohydrates could result in less satiety ©2.

Despite the relatively consistent literature, the strength
of the relationship between SSB consumption and obesity,
as well as the independence of this association from
potential confounding factors, is difficult to establish %,
To overcome the methodological limitations inherent in
observational studies and strengthen the evidence further,
high-quality randomised controlled trials with adequate
design and sample size are clearly warranted %,

In our analysis, the most consistent positive relationship
with obesity was found for ASB intake, also known as diet
sodas. As opposed to SSBs, which contain added caloric
sweeteners, such as sucrose, high-fructose corn syrup or
fruit-juice concentrates, ASBs contain nonsugar sweeteners
%) Several previous studies on ASB consumption are in
accordance with our findings. For example, a higher intake
of ASB was found to be related to increased body fat in UK
children . Among adults, previous studies found posi-
tive relationships of ASB consumption with BMI, abdomi-
nal obesity and metabolic syndrome ©®*®. In addition,
there is some evidence that increased BMI may play a role
in the link between ASB intake and the risk of diabetes *®.
However, the available evidence is inconsistent, and there
are several potential explanations for the observed positive
associations between ASB intake and obesity. **) These
may include (i) reverse causation, meaning that people
tend to drink ASB instead of SSB when they have obesity

38 . . . . .
¢ ); (ii) an increase in sweet preference and appetite associ-

ated with ASB consumption ©9; and (iii) common artifi-
cial sweeteners used in ASB, which could generate a similar
body response in terms of satiety compared to SSB “%,
Therefore, future studies that examine the metabolic effects
of ASB are still needed.

The results of our longitudinal analysis in Russia are
similar to what has been observed in other prospective
studies. For example, an increase in body weight of

4-5 kg was found in women whose SSB consumption

A. Garduno-Alanis et al.

changed from occasional to everyday over 4 years of
follow-up “". Another US-based cohort study indicated
significant increase in the risk of obesity and overweight
over time among those who consumed ASB every
day 173,

Limitations and strengths

The present study has several limitations that need to be
taken into account when interpreting the results.

First, the cross-sectional design of our study does not
allow a clear interpretation of temporality, and reverse
causation may play a role in some of the observed
relationships. For example, people with obesity might
reduce their soft drink consumption leading to poten-
tial misinterpretation of the main association. Reverse
causation might be also the plausible explanation for
the observed positive association between ASB intake
and obesity. However, the fact that the longitudinal
assessment of BMI change over time provided similar
results may serve as internal validation and makes this
possibility less likely.

Second, the measurement of fruit juice and soft
drink intake by FFQ is likely to be imprecise, and this
may lead to misclassification of these exposures and
inaccurate estimates of the associations. The FFQ is a
common method for assessing dietary patterns in epi-
demiology, although it has been criticised as being
imprecise and affected by information bias “*%. Self-re-
ported measures of fruit juice are prone to under- ©°
and over-reporting ¥, and soft drink consumption is
prone to under-reporting ©®. The validity of the diet-
ary data in HAPIEE study was tested using biomarkers
regarding fruit and vegetable consumption. However,
no such assessment was possible for fruit juice and soft
drinks “%. Similarly, self-reported weight and height
were also prone to misclassification of BMI. However,
the high completeness of objective measurement and
the high correlation between self-reported and measured
weight and height make this bias less likely.

Third, the moderate response rates and urban character
of the HAPIEE cohorts make is impossible to generalise
the findings to the whole population. It is also likely that
responders were healthier compared to the general popu-
lation. However, these issues should not affect the inter-
nal validity of our results.

Fourth, although the large sample size is an important
strength of the present study, the fact that only a small
proportion of participants consumed fruit juice and soft
drinks on a regular basis reduces the statistical power of
the analysis. This can lead to wide confidence intervals
and may be the reason for some of the observed non-
significant associations.

74 © 2019 The Authors. Journal of Human Nutrition and Dietetics published by John Wiley & Sons Ltd on behalf of
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Finally, the residual confounding is inherent to the
observational study design. Nevertheless, the multiple
adjustment for several socio-economic and lifestyle vari-
ables reduce this possibility.

The main strengths of the present study are that this is
one of the largest cohort studies to investigate the rela-
tionship between fruit juice/soft drink consumption and
BMI in Eastern Europe. It is also important that the Rus-
sian cohort has a longitudinal element allowing assess-
ment of the role of fruit juice/soft drink consumption in
BMI change.

Conclusions

Our findings support the hypothesis that soft drink con-
sumption, including both SSBs and ASBs, is positively
related to BMI and may lead to obesity. However, the
findings regarding the role of fruit juice were inconsistent.
Policies regarding soft drink beverages may need to be
considered in Eastern Europe to reduce the rates of obe-
sity in the region.
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Introduction

Cirrhosis is the end-stage of progressive fibrosis, in which
oxidative stress and inflammation-related pathways can
modulate the cellular and tissue events involved in the
. In this sense, oxidative
stress causes liver damage by changes in DNA, proteins

pathogenesis of liver fibrosis "
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Abstract

Background: Cirrhosis is the end-stage of progressive fibrosis, in which
oxidative stress and inflammation-related pathways can modulate the cellu-
lar and tissue events involved in the pathogenesis of liver fibrosis. Dietary
intake of antioxidants has been suggested to protect against oxidative dam-
age and related clinical complications. The present study aimed to investi-
gate the potential association of the dietary total antioxidant capacity
(dTAC) with anthropometric, functional and biochemical markers, as well
as the severity of the disease, in cirrhotic outpatients.

Methods: Sixty-two outpatients (38 men and 24 women) with a mean (SD)
age of 59.1 (9.9) years were evaluated. Dietary TAC was estimated from a
food frequency questionnaire. Aetiology and severity of liver cirrhosis, life-
style characteristics, occurrence of comorbidities and oedema, and anthro-
pometric, functional and biochemical markers were all assessed.

Results: Cirrhotic outpatients with higher dTAC also had higher values of
the hand-grip strength (P = 0.029) and arm muscle area (P = 0.027). After
adjusting by sex, age, smoking and alcohol intake, the addition of
1 mmol day™' of dTAC contributed to increase 0.552 kg f' in hand-grip
strength (P < 0.05). The addition of one mmol day ' of dTAC contributed
to an arm muscle area increase 0.565 cm? (P < 0.05) on average.
Conclusions: The dTAC was positively associated with hand-grip strength
and arm muscle area in cirrhotic outpatients. The implications of the pre-
sent study are important in clinical practice because a diet rich in antioxi-
dants may be an ally in the control of excessive reactive oxygen species
production in cirrhotic outpatients with repercussion on muscle mass and
strength.

and lipids, as well as modulation of biological pathways
associated with gene transcription, protein expression,
cellular apoptosis and activation of hepatic stellate cells
@) Moreover, inflammation is an essential component of
the immune response and manifests as infiltration of
inflammatory cells, mainly in the liver, in the fight against

invasion of pathogens. The persistence of inflammatory
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stimuli and oxidative stress can lead to cellular damage
and lipid accumulation, associated with an increased risk
of steatohepatitis, fibrosis and cancer ol

In turn, several studies have demonstrated the role of
diet in modulate inflammation ® and oxidative stress
7). Foods and bioactive compounds (such as coffee,
green tea, resveratrol, curcumin, quercetin, silymarin,
naringenin) have been considered beneficial to liver
diseases &'V,

In this context, the total antioxidant capacity of foods,
which describes the combined ability of dietary antioxi-
dants to eliminate preformed free radicals, has been sug-
gested as a tool to investigate the health effects of
antioxidants in mixed diets "*"'. Our previous study
involving non-alcoholic steatohepatitis (NASH) showed a
negative association between dietary total antioxidant
capacity (dTAC) and hepatic injury (ballooning) %,
although investigations of dTAC in cirrhotic outpatients
have yet not been reported in the literature yet. Fre-
quently patients with cirrhosis present alterations in
specific aspects of nutritional status, such as micronutri-
ent deficiencies and/or global malnutrition (e.g. as a
result of poor nutritional intake). The provision of the
necessary nutrients must compensate for these existing
deficiencies "*'®. Thus, the present study aimed to
investigate the potential association of dTAC with anthro-
pometric, functional and biochemical markers, as well as
cirrhosis severity, in outpatients.

Materials and methods

Study design

This cross-sectional study was conducted in the Hepatol-
ogy Service of the University Hospital at the Federal
University of Juiz de Fora, Minas Gerais, Brazil. Approxi-
mately 78 outpatients with cirrhosis are attended
monthly. The study was conducted from May to Decem-
ber 2017. The inclusion criteria were outpatients with
liver cirrhosis over 18 years of age, of both sexes, who
were followed up on an outpatient basis during the study
period. Patients with cancer, autoimmune diseases (sys-
temic lupus erythematosus, rheumatoid arthritis), previ-
ous renal insufficiency and presence of hepatic
encephalopathy or other physical or mental condition
that compromised the interview process and/or anthropo-
metric and functional evaluation were not included.
Patients who underwent liver transplantation or who were
awaiting transplantation were also excluded. The subjects
were taken into the study after they provided their writ-
ten informed consent. This study was conducted in accor-
dance with the Declaration of Helsinki. All procedures
involving human subjects/patients were approved by the
Ethics Committee of the Federal University of Juiz de

© 2019 The British Dietetic Association Ltd.
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Fora (protocol number 1.129.516/2015) and all partici-
pants provided written informed consent.

Data collection

Information on age, sex, alcohol, smoking and food con-
sumption was obtained from face-to-face interviews. On
the same day of the interview, the anthropometric and
functional data were collected.

Cirrhosis severity

Aetiology and cirrhosis severity, presence of comorbidities,
oedema and biochemical data were obtained from medical
records. The diagnosis of cirrhosis was based on clinical,
laboratory, imaging and/or histopathological evaluation,
according to the routine of the Hepatology Service. Child—
Turcotte—Pugh (CTP) was used to assess the cirrhosis
severity '>?%, where variables such as ascites, encephalopa-
thy, time of prothrombin, bilirubin and albumin were
graduated in scores of 1 and 3 points each. The final sum
made it possible to classify the patients in degrees of sever-
ity A or B. It should be emphasised that, as a result of the
inclusion criteria, no patients were classified as severity
grade C because the occurrence of hepatic encephalopathy,
common in this class of patients, is associated with some
degree of mental confusion and this factor could compro-
mise the completion of the questionnaires.

Biochemical measurements

The biochemical data originated from medical records. As
a routine of the Hepatology Service, blood collection was
performed after a 12-h fast. The blood was separated by
centrifugation and immediately analysed in the Labora-
tory of Clinical Analyses of the University Hospital.
Hemoglobin, leukocytes, platelets, mean corpuscular vol-
ume, mean corpuscular hemoglobin concentration, aspar-
tate aminotransferase, alanine amino transferase, alkaline
phosphatase, gammaglutamyl transferase, urea, creatinine,
potassium, albumin, and total bilirubin were determined
using standard laboratory methods in an autoanalyser
(model CT600i; Wiener Lab, Rosario, Argentina).

Anthropometric and functional evaluation

The arm circumference (AC) was measured at the mid-
point between the acromial process and the olecranon
process, using a flexible and inelastic measuring tape.
Biceps skinfold (BSF) and triceps skinfold (TSF) were
measured using an adipometer (Lange Skinfold Caliper;
Lange, Houston, TX, USA). The arm muscle area (AMA)
was calculated from the values obtained from TSF
and AC.
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Functional assessment was performed using hand-grip
strength (HSG) and adductor pollicis muscle thickness
(APMT). The measurement of HSG was performed using
a Jamar hydraulic hand dynamometer (Sammons Preston
Rolyan, Chicago, IL, USA). Patients remained seated with
their elbows supported and flexed at a 90° angle, per-
forming the greatest possible strength with the dominant
hand. Three trials were performed with a 1-min rest
interval between the measurements and the largest of the
three was used in the analysis. The APMT measurement
was performed with the patient seated, the arm flexed at
a 90° angle with the forearm and the hand resting on the
knee. The adductor muscle was pinched at the apex of an
imaginary triangle formed by the extension of the thumb
and forefinger.

Estimation of dietary total antioxidant capacity

The habitual diet was obtained through a food frequency
questionnaire previously validated by Mannato et al. ?",
Daily food consumption was estimated as frequency ver-
sus portion size for each item consumed. All food ques-
tionnaires were analysed by the same nutritionist. For the
determination of dTAC, a previously published database
22 \as used, combined with the supporting literature
(23-39) " ysing the ferric reducing ability of plasma (FRAP)
method with a calibration curve made with ferrous sul-
fate, for the TAC determination of food. Intake evalua-
tion was performed using a standard spreadsheet
developed in ExceL (Microsoft Corp., Redmond, WA,
USA) by adding individual TAC values from the FRAP
assay of each food and expressed as TAC in mmol day .
To assign a TAC value to foods not available in the arti-
cles and in the database, botanically similar food data
were used. When TAC values for cooked foods were not
available, TAC levels of fresh foods were considered for
estimation purposes. Total dTAC was the sum of dTAC
of all consumed foods.

Statistical analysis

The normality of the data was determined by the
Shapiro—Wilk test. Comparisons of continuous variables
were conducted using the parametric Student’s t-test or
nonparametric Mann—Whitney U test. Categorical vari-
ables were compared using the chi-squared test. To deter-
mine the influence of dTAC, outpatients were divided
into two groups according to the median dTAC value
(10.5 mmol day '): lower and higher/equal dTAC. A
multiple linear regression model was used to verify the
association of dTAC with HSG and AMA measurements.
This model was controlled by sex, age, smoking status
and alcohol intake. A scatter plot was built to illustrate
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the association. The contribution of each food group to
the dTAC was calculated as the ratio of the antioxidant
intake from that food group to the total intake from all
foods. Data are presented as the mean (SD), or median
and minimum and maximum. Categorical variables are
expressed as relative (%) and absolute (n) frequencies. All
statistical analyses were performed using spss, version 20.0
(IBM Corp., Armonk, NY, USA). P < 0.05 was consid-
ered statistically significant.

Results

During the study period, 458 outpatients were followed
up at the Hepatology Service. Of these patients, 111 were
not cirrhotic. Among 347 patients with cirrhosis, 50 did
not agree to participate in the study, 37 were not able to
answer the questionnaires, 44 had hepatocellular carci-
noma, 31 were awaiting liver transplantation and 123
were excluded for various reasons (incomplete medical
records, presence of others cancers, autoimmune diseases
and chronic kidney disease). Thus, 62 outpatients were
included in our analyses. These outpatients had a mean
(SD) age of 59.1 (9.9) years and a demonstrated a pre-
dominance of males 61.3% (n = 38).

Among the cirrhosis patients, the majority (37.1%;
n = 23) were of alcoholic origin, followed by hepatitis C
infection (33.9%; n = 21), NASH (20.9%; n = 13) and
other causes such as autoimmune hepatitis or undefined
causes (8.1%; n = 5). The most common comorbidities
observed in these outpatients were hypertension (53.2%;
n = 33), diabetes (45.2%; n = 28), coronary diseases
(16.1%; n = 10) and hypothyroidism (12.9%; n = 8). The
CTP classification revealed that 45 outpatients (72.6%)
were class A and 17 (27.4%) were class B. The presence
of oedema (ascites and lower limb oedema) could be con-
sidered to be a complication of cirrhosis and was present
in 37.1% (n = 23) of the outpatients evaluated.

Regarding the characteristics related to the lifestyle of
the outpatients, 16.1% (n = 10) were smokers. Alcohol
consumption was present in 8.1% (n = 5) of outpatients,
even after receiving medical advice to abolish alcohol con-
sumption because of its deleterious role in liver function.
The anthropometric/functional data, biochemical markers
and cirrhosis severity (Tables 1-3) were compared from
the median value of the dTAC (10.5 mmol day_l). Outpa-
tients who had a higher dTAC also presented higher values
for HSG (P = 0.029) and AMA (P = 0.027). The other
anthropometric/functional, biochemical and disease sever-
ity measures did not differ between the groups.

When we performed a multiple linear regression, the
adjusted model indicated that the addition of one
mmol day ™' of dTAC contributed to increase 0.552 kg f
in HSG (P < 0.05). The model adjusted by dTAC, sex and

© 2019 The British Dietetic Association Ltd.
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Table 1 Anthropometric and functional data
according to dietary total antioxidant capacity (dTAC)

dTAC < 10.5 mmol day™" dTAC > 10.5 mmol day~’

in cirrhotic outpatients =3 =31 ey
AC (cm) 30.8 (4.8) 32.8 (3.3) 0.053
BSF (mm) 29.3 (12.6) 31.4 (10.2) 0.488
TSF (mm) 20.5 (11.7) 22.2 (10.4) 0.530
AMA (cm?) 36.8 (8.8) 42.3 (10.2) 0.027
HSG (kg i) 19.0 (5.0-42.0) 31.0 (10.0-48.0) 0.029"
APMT (mm) 10.4 (4.0-24) 11.0 (4.0-19.0) 0.657"

AC, arm circumference; AMA, arm muscle area; APMT, adductor pollicis muscle thick-
ness; BSF, biceps skinfold; HSG, hand-grip strength; TSF, triceps skinfold.

Continuous variables are given as the mean (SD) or median (minimum-maximum).
Student’s t-test or Mann—-Whitney U test (*). P < 0.05 was considered statistically signifi-

cant (bold values).

Table 2 Biochemical markers according to dietary

dTAC < 10.5 mmol day~™" dTAC > 10.5 mmol day~"

total antioxidant capacity (dTAC) in cirrhotic
) (n=31) (n=31) P-values

outpatients
Haemoglobin (g dL™")  13.2 (1.9) 13.1 (1.9) 0.999
Leukocytes (mm?) 5184.3 (2124.6) 4729.4 (2152.8) 0.414
Platelets (mm?3) 113994.8 (63287.9) 96478.7 (40964.0) 0.201
MCV (fl) 94.2 (8.7) 91.4 (7.2) 0.196
MCHC (g dL™") 33.0 (28.0-35.0) 33.0 (28-38.0) 0.482%*
AST (U L") 36.0 (21.0-140.0) 35.0 (18.0-202.0) 0.762*
ALT (U LTh 30.6 (21.2) 38.0 (35.5) 0.352
AP (U L") 247.0 (164.5) 241.8 (196.3) 0.914
GGT (UL 85.0 (22.0-481.0) 59.0 (17.0-711.0) 0.555%*
Urea (mg dL™") 34.0 (17.0) 39.6 (31.7) 0.482
Creatinine (mg duh 1.0 (0.0-2.0) 1.0 (0.0-5.0) 0.407*
Potassium (mEq L™") 4.0 (4.0-6.0) 4.0 (4.0-6.0) 0.542%*
Albumin (g dL™") 4.0 (2.0-4.0) 4.0 (3.0-5.0) 0.175%
Total bilirubin 1.0 (0.0-5.0) 1.0 (0.0-5.0) 0.824*
(mg dL™")

ALT, alanine amino transferase; AP, alkaline phosphatase; AST, aspartate aminotrans-
ferase; GGT, gamma glutamyl transferase; MCHC, mean corpuscular hemoglobin con-
centration; MCV, mean corpuscular volume.

Continuous variables are given as the mean (SD) or median (minimum-maximum).
Student's t-test or Mann-Whitney U test (*). P < 0.05 was considered statistically significant.

Table 3 Cirrhosis severity according to dietary total antioxidant
capacity (dTAC)

dTAC < 10.5 mmol dTAC > 10.5 mmol

Variable  dia~' (n = 31) dia~" (n = 31) P-value*
CTP A 66.7% (21) 77.4% (24) 0.393
CTP B 32.3% (10) 22.6% (7)

CTP, Child-Turcotte—Pugh.

Nominal variables are given as the number of outpatients with the
characteristic of interest.

*Chi-squared test. P < 0.05 was considered statistically significant.

age is able to explain 52.7% of the HSG variation. There
was no significant difference between smokers and non-
smokers, as well as among those who drank alcoholic or
non-alcoholic beverages. With regard to AMA, the

© 2019 The British Dietetic Association Ltd.

addition of one mmol day ' of dTAC contributed to an
increase of 0.565 cm”® in this nutritional marker
(P < 0.05). The model adjusted by dTAC and sex is able to
explain 36.3% of AMA variation, regardless of age, smok-
ing habit or drinking alcoholic beverage (Fig. 1).

Coffee and tea, fruits and fruit juices, vegetables, and
legumes were the major food or food groups of dTAC
(49.5%, 20.4%, 4.1% and 3.3%, respectively).

Discussion

The intake of dietary antioxidants appears to protect
against oxidative damage and related clinical complica-
tions 19?132 To our knowledge, this is the first study
to evaluate dTAC in cirrhotic outpatients, with the main
finding being a positive association between dTAC and
muscular strength.
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(a) Dependent variable: Hand- grip strength
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(b) Dependent variable: Arm muscle area
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Figure 1 Association between observed values of hand-grip strength (a) and arm muscle area (b) versus predicted values by the adjusted model
(dietary total antioxidant capacity, age, sex, smoking, and alcohol intake) in cirrhotic outpatients.

Underlying the pathogenesis of chronic disease is the
state of oxidative stress **. Oxidative stress is also pre-
sent in skeletal muscle wasting %, being a complicating
factor of liver diseases and ageing “**®. The main oxi-
dant types are reactive oxygen species (ROS). Oxidative
stress has been functionally linked to muscle wasting
through ubiquitin—proteasome system activation, where
increased ROS activates proteasome-dependent protein
degradation. Another consequence of oxidative stress is
oxidative damage generated in the cell, as indicated by
protein and lipid oxidation ®*. Indeed, studies have con-
firmed increased markers of oxidative stress in sarco-
paenic individuals ©7%.

Sarcopaenia is a syndrome characterised by progres-
sive and widespread loss of skeletal muscle mass,

strength and function ©°

. The potential impact of sar-
copaenia is great, considering that muscle tissue is the
most abundant in the human body ©%. In cirrhosis,
the presence of sarcopaenia should be assessed because
sarcopaenia is a strong predictor of mortality and mor-
bidity '®'”). The prevalence of sarcopaenia in patients
with hepatic cirrhosis ranges from 40% to 70% “%*!
and is favoured by the combination of cofactors such
as advanced age associated with interference of the
degree of liver disease in the nutritional status of this
population “?. In addition, chronic alcohol consump-
tion is also associated with sarcopaenia because ROS
generated during ethanol metabolism can damage many
tissues, including liver and skeletal muscle B3 Studies
confirm that patients with liver disease as a result of
chronic alcohol abuse have a marked inflammation and
an oxidative imbalance with elevated malondialdehyde
(oxidative stress marker) and reduced and oxidised glu-
tathione (antioxidant function) “**¥. It should be
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noted that, in the present study, the main cause of cir-
rhosis was alcohol consumption.

Patients with cirrhosis may develop simultaneous loss
of skeletal muscle and gain of adipose tissue, culminating
in a condition called ‘sarcopaenic obesity’ 7). Still, mus-
cle depletion is characterised by both reduced muscle size
and increased proportion of intermuscular and intramus-
cular fat, termed myosteatosis *>. Given the great diffi-
culty of evaluating the nutritional status of cirrhotic
patients in clinical practice, in the present study, we chose
not to evaluate body mass index. More than 37% of the
outpatients presented oedema, which could mask the
body weight and overestimate the excess weight. How-
ever, the BSF and TSF values, which reflect subcutaneous
adipose tissue, were above the expected value for the 50th
percentile “®. It should be noted that these two skin
folds were not influenced by water retention in our out-
patients (ascites and oedema of the lower limbs).

The diagnostic criteria for sarcopaenia in cirrhosis have
not been firmly established so far. Currently, an approach
based on mass assessment (dual X-ray absorptiometry or
computed tomography), muscular strength and/or func-
tion (gait speed or chair stand test) can be recommended.
The reduction of muscular strength can be evaluated by
HSG (general muscular strength indicator, with cut-off
points: <20 kg f! (women) and <30 kg £ (men) 9.

Our data demonstrate a relationship between dTAC
versus AMA and HSG in cirrhotic outpatients, suggesting
a possible role of antioxidant intake in muscle mass and
strength. Indeed, studies have shown the relationship
between antioxidants and muscle mass. Kim et al. *”, for
example, observed a beneficial effect on muscle mass
and physical function measured by the ability to walk

in elderly sarcopaenic women from  catechin

© 2019 The British Dietetic Association Ltd.
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supplementation (strong antioxidant action) associated
with physical exercise. Chung et al. “® found that con-
sumption of at least three cups of coffee day ' was asso-
ciated with a lower prevalence of sarcopaenia in elderly
men. Another study demonstrated an anabolic role of
resveratrol in exercise-induced adaptations in older men
and women “?. Thus, to reduce the production of free
radicals and to attenuate oxidative stress with possible
impact on muscle mass and strength, it is recommended
to increase the consumption of foods with higher antioxi-
dant capacity, such as coffee, tea, fruits, vegetables and
legumes (*2*°%*V_In the present study, coffee/tea and
fruits were the main contributors to dTAC, which is not
surprising considering our previous results involving
patients with NASH ®" and those of Torres and Farah
2 with the Brazilian diet. Because foods contain many
different types of antioxidants (vitamins, carotenoids,
polyphenols and other bioactive compounds as yet
unknown), TAC has been suggested as a more appropri-
ate tool for investigating the relationship between the
antioxidant potential of the diet and the diseases/clinical
complications related to oxidative stress. It is important
to note that current guidelines on nutrition in liver dis-
ease reinforce the need for additional data on the efficacy
of antioxidant use in patients with liver disease.

Changes in muscle function/strength may be detected
earlier than changes in laboratory parameters %, which
may partly explain the lack of a relationship of dTAC
with biochemical data and severity of liver disease.

A strength of the present study was the inclusion of
more homogeneous cirrhotic outpatients (all were CTP
class A or B only and were also in outpatient follow-up).
Limitations of the present study include a cross-sectional
design that does not allow the evaluation of temporal
relationships and the absence of imaging tests and tests to
verify muscle function with respect to evaluating sarco-
paenia.

In conclusion, the dTAC is associated with better
parameters related to muscle mass and strength in cir-
rhotic outpatients, which may be a result of its assumed
role with respect to reducing ROS or improving the qual-
ity of the diet in general. More studies are needed to
address the consumption of foods with antioxidant
potential over the long term to confirm our findings and
to evaluate the benefit of food interventions in cirrhosis,
as well as its clinical complications.
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Introduction

The prevalence of being overweight and obesity has
increased substantially in all societies across the globe
during the last three decades, becoming a major public
health concern as a result of its negative effects on health
. If trends continue, by 2030, an estimated 38%
of the world’s adult population will be overweight and
another 20% will be obese ®. Obesity increases the risk
of chronic diseases (i.e. type 2 diabetes, cardiovascular
disease, certain types of cancers) and mortality

status (!
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Abstract

Background: Exercise could influence energy and macronutrient intake,
which could have an important role on body composition changes in
response to exercise. The present study aimed to investigate the effects of
different training modalities in energy and macronutrient intake, and
whether changes in energy and macronutrient intake influences changes in
body composition in response to different training modalities.

Methods: A 12-week randomised controlled trial was conducted. Eighty
middle-aged sedentary adults were randomised to: (i) a control group; (ii)
physical activity recommendation from the World Health Organization; (iii)
high-intensity interval training; and (iv) whole-body electromyostimulation
training. Dietary intake was assessed using the average of three 24-h recalls.

Results: High-intensity interval training and whole-body electromyostimula-
tion training groups showed lower fibre intake and higher dietary energy
density. Our results showed a negative association was found between
changes in energy intake and changes in lean mass index. No association
was found between changes in protein intake and changes in lean mass
index.

Conclusions: In conclusion, we observed a higher dietary energy density
and lower fibre intake in high-intensity training groups.

Diet, exercise and behavior modifications are the corner-
stones of obesity prevention and treatment *. Physical
exercise produces an energy deficit through increased
energy expenditure that may help to reduce overweight
and obesity "), Additionally, it is well-known that exercise
is related to improvements in the restoration of the lipid
profile, improvements of the autonomic nervous activity
and haemodynamic function, improvements of body com-
position, and an increase in metabolic activity .

The second cornerstone of obesity treatment is diet

2, modification. Several dietary strategies been

have
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demonstrated to be effective with respect to reducing
body weight, and also for attenuating the presence of
comorbid risk factors ). These dietary strategies include:
(i) reducing portion sizes; (ii) using meal replacement
products to reduce dietary choice and caloric intake; (iii)
choosing more nutrient-dense and less energy-dense
foods; and (iv) altering macronutrient composition, gly-
caemic index/load, meal frequency, or eating pattern .

The weight loss in exercise training programmes is usu-
ally less than predicted. This observation could be the result
of a compensatory increase in calorie consumption, changes
in specific food intakes and/or decreased non-exercise activ-
ity thermogenesis “’. Acute exercise can suppress subjective
appetite ratings, subsequent energy intake and alter appe-
tite-regulating hormones for a period of time post-exercise
() However, the literature is mixed in terms of exercise
training. A recent meta-analysis did not find consistent evi-
dence that exercise training effects energy or macronutrient
intake ®. By contrast, Hopkins et al. ® reported that com-
pensatory responses to an exercise programme of 12 weeks
in duration showed a large inter-individual variability.

Two novel training methods comprising high-intensity
interval training (HIIT) and whole-body electromyostim-
ulation (WB-EMS) have demonstrated to improved body
composition "*'")] although no studies have investigated
whether dietary modifications occur in response to these
training modalities.

The majority of studies have focused on acute or mid-
length, rather than long-term, effects of exercise in energy
and nutrient intake. Furthermore, most of these studies
have concentrated on a single exercise modality, without
comparing different training modalities. Although exercise
modality, intensity and duration could influence the
intake regulation in different ways, it is still unknown
whether a novel training modality such as WB-EMS
training could influence dietary intake.

We hypothesise that different training modalities with
different intensities and duration could modulate energy
and macronutrient intake. Subsequently, changes in body
composition could be modulated by changes in energy
intake during the training programme. Therefore, the
present study aimed to investigate the effects of different
training modalities on energy and macronutrient intake
in sedentary middle-aged adults. Additionally, we also
investigated whether changes in energy and macronutrient
intake influences changes in body composition in
response to different exercise training programmes.

Materials and methods

Participants
Between April 2015 and December 2016, 141 adults aged
45-65 years were screened in the FIT-AGEING study, an

© 2019 The British Dietetic Association Ltd.
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exercise-based randomised controlled trial (clinicaltrial.-
gov: ID: NCT03334357) . Figure 1 shows the flow of
participants from recruitment to follow-up.

The participants were recruited from the province of
Granada (Spain) using social networks, local media and
posters. Interested individuals were screened via telephone
and/or e-mail. Inclusion criteria were to be sedentary
(<20 min of moderate-intensity physical activity on
3 days week ™' over the last 3 months) and to have a
stable weight over the last 6 months. All participants
needed to be free of disease, not pregnant or lactating.
The study was approved by the Ethics Committee on
Human Research at the University of Granada and ‘Servi-
cio Andaluz de Salud’ (CEI-Granada) [0838-N-2017) and
all participants provided their written informed consent.
The study protocols and experimental design were applied
in accordance with the last revised ethical guidelines of
the Declaration of Helsinki. All of the baseline and fol-
low-up examinations were performed at the same setting
(Instituto Mixto Universitario Deporte y Salud at the
University of Granada).

Study design

A 12-week randomised control trial was conducted with a
parallel group design in accordance with the Consolidated
Standards of Reporting Trials guidelines (Table $1) %,
The study was performed between the months of Septem-
ber and December. After completing the baseline mea-
surements, the participants were randomised using a
computer-generated simple randomisation * to four
different groups: (i) control group (no exercise); (ii)
physical activity recommendation from the World Health
Organization (PAR) group; (iii) HIIT group; and (iv)
WB-EMS training group. The participant’s randomisation
assignment was blinded to the assessment staff. All partic-
ipants were requested to maintain their dietary habits the
same as before the study and, during the time of the
study, not follow any kind of diet, except on case of dis-
ease and by prescription of his/her doctor. If this was the
case, they were withdrawn from the study. Individuals
assigned to the control group were also requested not to
change their physical activity habits or to engage in any
kind of physical training programme. Individuals in the
exercise groups were instructed not to perform additional
exercise as per their intervention programmes.

Training modalities

A detailed description of each training modality is pro-
vided elsewhere '?).

The PAR group performed a concurrent training
(combining aerobic and resistance training) based on the
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| 6 Information meetings

| >
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196 Attended an i
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|

rl

29 Declined to participate

167 Requested the pre
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A

>
"

A

26 Did not answer

141 Assessed for eligibility

A

A 4

108 Met pre-screen

ing inclusion criteria

A

13 Age or BMI out of the range

5 History of CDV disease
2 Diabetes

4 Hyper-hypothyroidism
9 Others

Total=33
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y

102 Eligible for baseline assessment

A 4

N=80 Randomized

3 Abnormal Exercise ECG
4 Medical exclusion found
during examination

6 Declined to participate
Total=13

N=20 Control

N=20 PAR

N=20 HIIT

N=20 WB-EMS

|

N=5 Lost to follow-up

N=3 Lost to follow-up

N=2 Lost to follow-up
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N=15 Completed trial
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primary analysis

Figure 1 Flow-chart diagram. BMI, body mass index; CDV, cardiovascular; ECG, electrocardiogram; HIIT, high-intensity interval training group;

PAR,

physical

activity recommendations

electromyostimulation group.
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proposed by the World Health Organization group; WB-EMS,

whole-body
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minimum physical activity recommended by the World
Health Organization '*. The participants trained
3 days week ' for 12 weeks. The training volume was
150 min week ' at 60-65% of the heart rate reserve for
the aerobic training. The resistance training volume was
approximately 60 min week ' and the intensity was set
at 40-50% of one-repetition maximum. The exercises
programmed for the aerobic training section were tread-
mill, cycle-ergometer and elliptical ergometer. In addi-
tion, weight bearing and guided pneumatic machines
were used in the resistance training section (i.e. squat,
bench press, deadlift or lateral pull down). The partici-
pants performed compensatory exercises (core stability,
flexibility and stabilisers muscles) aiming to minimise
the risk of injuries, as well as to promote training adher-
ence.

The HIIT group did an intervention programme was
characterised by short and intermittent efforts of vigorous
activity, interspersed with rest periods at passive or low-
intensity  exercises. ~ The  participants  exercised
2 days week ™' for 12 weeks, performing two different
complementary protocols '®': (i) HIIT with long intervals
(type A session) and (ii) HIIT with short intervals (type
B session). The training volume was 40-65 min week !
at >95% of the maximum oxygen uptake in the type A
session and >120% of the maximum oxygen uptake in
the type B session. The exercise chosen for type A session
was treadmill with a personalised slope and the exercises
programmed for the type B session were eight weight-
bearing exercises in circuit form (i.e. squat, deadlift, high
knees up, high heels up, push up, horizontal row, lateral
plank and frontal plank).

The WB-EMS group performed a training programme
that followed the same structure as that of the HIIT
group (volume, intensity, training frequency, type of exer-
cise and training sessions). However, we included electri-
cal impulses to assess whether this training modality
produced an extra effect. A bipolar symmetrical, and rect-
angular electric pulse was applied with: (i) a frequency of
15-20 Hz in the type A sessions and 35-75 Hz in the
type B sessions; (ii) an intensity of 100 mA in the type A
sessions and 80 mA in the type B sessions; (iii) an
impulse breadth of 200—400 ps; and (iv) a duty cycle [ra-
tio of on-time to the total cycle time: % duty
cycle = 100/(total time/on-time)] of 99% in the type A
sessions and 50-63% in the type B sessions. A WB-EMS
device manufactured by Wiemspro (Malaga, Spain) was
used.

All sessions started with a dynamic standardised warm-
up, which included general mobility exercises and ended
with a cooling-down protocol (active global stretching),
which alternated five posterior chain exercises with five
anterior chain exercises. A gradual progression was also

© 2019 The British Dietetic Association Ltd.
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proposed to control the exercise dose in each training
group ¥, The starting level was individualised in each
training group. All training modalities were delivered as
planned.

A graduate in Sport Sciences provided general advice
to the control group through an information meeting.
They were instructed to maintain their lifestyle and not
being enrolled in any training programme during the
time of the study. The heart rate was monitored and
the rated perceived exertion scale was registered during
all sessions. Attendance at the training sessions was
registered daily and participants were contacted upon
any missing session to ask for the reason and motivate
them to replace it on an alternative session. We
registered an attendance of 99%, 98% and 99% of
the supervised exercised sessions in the PAR, HIIT
and WB-EMS groups, respectively from week 1 to
week 12.

Dietary intake assessment

Dietary intake was assessed before (September) and after
(December) the training programme (week 12) using the
average of three 24-h recalls collected on nonconsecutive
days (one weekend day included) by a trained research
dietitian (LJ). This method is able to determine energy
intake to within 8-10% of actual energy intake "'”. The
interviews were meal-sequence based and involved a
detailed assessment and description of the food con-
sumed. Colored photographs of different portion sizes of
foods were provided to help estimate the quantity of food
consumed ", Dietary intakes from the 24-h recalls
were analysed for calorie and macronutrient content
using EVALFINUT software (https://www.finut.org/evalfinut),
which is based on USDA (US Department of Agriculture)
and BEDCA (‘Base de Datos Espanola de Composicion
de Alimentos’) databases.

Dietary energy density of foods and beverages (exclud-
ing drinking water) was calculated as total energy intake
(kcal day™ ') divided by total weight of daily food intake
(g dayil) (19).

Food serving consumption was assessed using a food
frequency questionnaire (FFQ) 29 For each FFQ food
item, a commonly used portion size was described
(slices, cups, teaspoons, etc.) and the participants were
asked how often they had consumed that unit on aver-
age over the last 3 months. Emphasis was added to
ensure that the answers were related to long-term dietary
factors and not to recent dietary changes. Each FFQ food
item was converted into servings considering the stan-
dard portion weight of each FFQ food item collected in
the own questionnaire (amount consumed/weight of
portion).
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Anthropometrics and body composition assessment

Anthropometric and body composition measurements
were registered before and after the intervention pro-
gramme (week 12), and the body mass index (BMI) cal-
culated (weight/height®). Weight and height were
measured using an electronic scale (model 799; Electronic
Column Scale, Hamburg, Germany). Lean mass and fat
mass were evaluated by dual-energy X-ray absorptiometry
(Discovery Wi; Hologic, Inc., Bedford, MA, USA) in
accordance with the manufacturer’s instructions. Lean
mass index (LMI) and fat mass index (FMI) were calcu-
lated as lean mass/height® and fat mass/height’, respec-
tively.

Statistical analysis

The sample size and power calculations are made based
on the data of a randomised control trial (The FIT-AGE-
ING project [12]; clinicaltrial.gov: ID: NCT03334357).
The principal aim of the FIT-AGEING study was to
determine the effect of different training modalities on
health-related parameters (i.e. body composition and
sleep quality among others) in sedentary healthy adults.
The determination of the sample size and power of the
study were made based on the data of a pilot sample
(n = 30). We considered different health-related parame-
ters (i.e. body composition and sleep quality among
others) differences between pre- and post-treatment in
order to assess the sample size requirements for the one-
way analysis of variance. As a result, we expected to
detect a clinically relevant effect size of each variable (i.e.
a loss of 3% of total body fat) considering a type I error
of 0.05 with a statistical power of 0.85. To meet these cri-
teria, a minimum of 14 participants per group was neces-
sary. Assuming a maximum loss at follow-up of 25%, we
decided to recruit 20 participants (approximately 50%
women) for each study group. Therefore, in total, 80 par-
ticipants (40 women and approximately 40 men) were
enrolled in the FIT-AGEING study.

A Shapiro-Wilk test, visual check of histograms and Q-
Q plots were used to verify the distribution of all vari-
ables. All data were normally distributed. The descriptive
parameters are reported as the mean (SD).

Repeated-measures analysis of variance was used to
determine changes in energy, fat, protein, carbohydrate
and fibre intake, and dietary energy density across time,
between groups, and its interaction (time x group). Stu-
dent’s t-tests for paired values were performed to evaluate
differences in dependent variables before and after the
intervention programme.

Analysis of covariance was used to examine the effect
of groups (fixed factor) on dietary intake changes, namely
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post-energy intake minus pre-energy intake (dependent
variable), adjusting for baseline values. The same analyses
were performed for changes in fat, protein, carbohydrate
and fibre intake, and dietary energy density.

All analyses were adjusted by sex, age, and sex and age.
We performed Bonferroni post hoc tests with adjustment
for multiple comparisons to determine differences
between all exercise modality groups.

To examine the relationship between changes in dietary
intake variables (energy, fat, protein, carbohydrate and
dietary energy density) and changes in body composition
variables (BMI, LMI and FMI), we conducted simple lin-
ear regressions. Multiple linear regressions were also per-
formed to adjust by sex, age, and sex and age.

All analyses were conducted using spss, version 25.0
(IBM Corp. Armonk, NY, USA). P < 0.05 was considered
statistically significant. Graphical presentations were pre-
pared using PrisM, version 5 (GraphPad Software Inc.,
San Diego, CA, USA).

Results

Eighty middle-aged adults (40 women and 40 men) were
enrolled in the study (Fig. 1). Table 1 shows the partici-
pant’s baseline characteristics. Groups were similar in age,
sex, BMI, LMI and FMI. Participants attended 98.7% of
their exercise session and, in total, 13 participants with-
drew between the randomisation and the follow-up.
There were no adverse events occurring during the exer-
cise sessions.

Figure 2 shows total energy intake (Fig. 2a), fat intake
(Fig. 2b), protein intake (Fig. 2c), carbohydrate intake
(Fig. 2d), fibre intake (Fig. 2e) and dietary energy density
(Fig. 2f) before (September) and after (December) the
intervention study. No time X group interaction was
obtained in any dietary variable (all P > 0.05). When
comparing within-group changes, the control group
showed a slight but consistent higher energy intake in the
final measurement (December) compared to baseline
(September) [2291.1 (393.0) versus 2072.6 (419.6) kcal,
P =0.036, 95% confidence interval (CI) = 16.318 to
420.635 kcal]. All intervention groups and also the con-
trol group showed significantly lower protein intake after
the intervention programme compared to baseline
[76.6 (17.7) versus 53.5(36.3) g, P =0.024, 95%
CI = —42.843 to —3.527 g for control group; 86.6 (22.3)
versus 48.8 (32.6) g, P =0.003, 95% CI = —60.798 to
—14.710 g for PAR; 96.0 (40.8) versus 54.1 (42.6) g,
P =0.006, 95% CI = —70.045 to —13.695 g for HIIT;
90.2 (45.3) versus 49.4 (47.5) g, P =10.001, 95%
CI = —63.384 to —18.204 g for WB-EMS]. HIIT and
WB-EMS groups showed significantly lower fibre intake
after the intervention programme compared to baseline

© 2019 The British Dietetic Association Ltd.
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Table 1 Descriptive parameters

Exercise effect on energy and nutrients intake

All (n = 67) Control (n = 15) PAR (n = 17) HIT (n = 18) WB-EMS (n = 17)
Men (%) 47.8 40 47.1 50 52.9
Women (%) 52.2 60 52.9 50 47 .1
Age (years) 53.3 (5.0) 51.7 (4.1) 54.9 (4.5) 53.1 (5.6) 53.4 (5.4)
Body mass index (kg m~2) 26.7 (3.8) 26.7 (3.9) 25.4 (2.9) 26.4 (3.1) 28.1 (4.7)
Lean mass index (kg m~2) 15.5 (2.8) 15.9 (3.1) 15.2 (2.5) 14.9 (2.9) 16.0 (2.9)
Fat mass index (kg m~—2) 10.5 (2.9) 10.1 (2.7) 9.6 (2.7) 10.8 2.7) 11.3(3.4)
Energy (kcal day’1) 2081.8 (485.4) 2072.6 (419.6) 2068.3 (392.1) 2205.9 (552.1) 1972.1 (556.6)
Fat (g day’w) 88.0 (25.0) 90.6 (23.4) 86.7 (18.5) 97.5 (30.6) 76.7 (22.6)
Protein (g day”) 87.8 (34.1) 76.6 (17.7) 86.6 (22.3) 96.0 (40.8) 90.2 (45.3)
Carbohydrate (g day’1) 213.3 (64.8) 205.9 (45.4) 220.1 (65.5) 223.8 (71.0) 201.7 (74.2)
Fibre (g day”) 28.4 (17.9) 28.0(13.8) 28.5(21.1) 28.4 (18.6) 28.4 (18.6)
Energy density (kcal g~ ") 1.13 (0.21) 1.12 (0.17) 1.18 (0.19) 1.16 (0.21) 1.05 (0.26)

Data are shown as the mean (SD).

HIIT, high-intensity interval training group; PAR, physical activity recommendations for adults proposed by the World Health Organization group;

WB-EMS, whole-body electromyostimulation group.

[28.4 (18.6) versus 14.4 (7.9) g P =0.008, 95%
CI= —23.951 to —4.200 g for HIIT; 28.4 (18.6) versus
15.1 (9.1) g, P =0.023, 95% CI = —24.537 to —2.108 g
for WB-EMS]. We also found significantly higher
dietary energy density in HIIT and WB-EMS after the
intervention =~ programme  compared to  baseline
[1.17 (0.22) versus 1.27 (0.21) keal g~!, P = 0.050, 95%
CI = 0.000 to 0.208 kcal gf1 for HIIT; 1.08 (0.25) versus
1.23 (0.23) kcal gfl, P =0.028, 95% CI=0.020 to
0.296 kcal g~' for WB-EMS]. No significant changes were
found in the remaining variables. The same results were
obtained when we expressed the macronutrient intake as
the percentage of energy intake (see Supporting informa-
tion, Figure S1).

Figure 3 shows changes in energy intake (Fig. 3a), fat
intake (Fig. 3b), protein intake (Fig. 3c), carbohydrate
intake (Fig. 3d), fibre intake (Fig. 3e) and dietary energy
density (Fig. 3f) after the intervention study among the
four groups. Fibre intake decreased in HIIT compared to
the control group (P = 0.041; 95% CI = —25.660 to
—0.319 kcal) and the results remained almost unchanged
when we included sex and age as covariates (Table 2).
The same results were obtained when we expressed the
macronutrient intake as the percentage of energy intake
(see Supporting information, Figure S1). Although with-
out statistically significant intergroup differences, we
observed tendencies in the lower energy intake in the
training groups (P = 0.079) that become significant when
we included sex, age and sex and age in the model
(Table 2). Although no statistically significant intergroup
differences were observed in the remaining variables,
when we included sex and age in the model, energy
intake, protein intake and dietary energy density become
significant (Table 2).

© 2019 The British Dietetic Association Ltd.

A significant negative association was found between
changes in energy intake and changes in LMI ( = —0.001,
95% CI = —0.001 to 0.000, r*=0.142, P =0.002)
(Fig. 4a), which persisted after including sex, age, and both
sex and age, in the model (all P < 0.003) (see Supporting
information, Table S2). We observed a negative association
between changes in fat intake and LMI ( = —0.013, 95%
CI = —0.026 to —0.001, 7> = 0.067, P = 0.041) (Fig. 4b),
which persisted after including sex, age, and both sex and
age, in the model (all P < 0.042) (see Supporting informa-
tion, Table S2). We also found a negative association
between changes in carbohydrate intake and LMI
(B = —0.004, 95% CI = —0.007 to —0.001, = 0.085,
P =0.021) (Fig. 4d), which remained after including sex
in the model (P = 0.021) (see Supporting information,
Table S2) and disappeared when sex and sex and age were
included as covariates (all P > 0.05) (see Supporting infor-
mation, Table S2). No association was found between
changes in protein intake and changes in LMI (Fig. 4c), as
well as either changes in dietary energy density and changes
in LMI (Fig. 4e) (all P > 0.05).

A significant positive association was found between
changes in energy intake and changes in FMI (3 = 0.001,
95% CI = 0.000 to 0.001, r* = 0.095, P = 0.014) (Fig. 4f),
which remained after including sex, age, and both sex
and age, in the model (all P <0.015) (see Supporting
information, Table S3). A significant positive association
was also found between changes in fat intake and changes
in FMI when we included age and both sex and age (all
P <0.037) (see Supporting information, Table S3) as
covariates. No association was found between changes in
protein and changes in FMI (Fig. 4h), changes in carbo-
hydrate intake and FMI (Fig. 4i) and changes in dietary
energy density and changes in FMI (Fig. 4j).
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(a) P time = 0.235 (b)
P group = 0.387
P interaction = 0.073

P time = 0.661
P group = 0.156
P interaction = 0.180
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P time < 0.001
(C) P group =0.786
P interaction = 0.653
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Figure 2 Dietary intake before and after the intervention study: energy (panel a), fat (panel b), protein (panel c), carbohydrate (panel d), fiber
(panel e) and energy density (panel f). P value [time, group and interaction (time x group)] of repeated measures analysis of variance. *P < 0.05,
##p < 0.01. Student's paired t-test. Data are shown as the mean (SD). HIIT, high-intensity interval training group; PAR, physical activity
recommendations for adults proposed by the World Health Organization group; WB-EMS, whole-body electromyostimulation group.
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Figure 3 Changes in dietary variables after the intervention study among the four groups: energy (panel a), fat (panel b), protein (panel ¢),
carbohydrate (panel d), fiber (panel e) and energy density (panel f). *P < 0.05, analysis of covariance adjusting for baseline values, with post hoc
Bonferroni-corrected t-test. Data are shown as the mean (95% confidence interval). HIIT, high-intensity interval training group; PAR, physical
activity recommendations for adults proposed by the World Health Organization group; WB-EMS, whole-body electromyostimulation group.

No associations were found between changes in any
other dietary intake variables and changes in body com-
position variables (Fig. 4 and Table S4).

Table 3 shows changes in food group consumption
across the study. Control group decreased olive oil and
fish consumption (P < 0.043) (Table 3). The PAR group
decreased egg consumption (P = 0.034) (Table 3). The
HIIT group decreased fruit consumption (P = 0.042)
(Table 3). The HIIT and WB-EMS groups increased
legume consumption (P < 0.049) (Table 3). All groups
increased alcoholic drink consumption (P < 0.003)
(Table 3). Table 4 shows changes in body composition
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outcomes across the study. And Table S6 shows changes
in dietary outcomes across the study.

Discussion

The main findings of the present study were that: (i) all
groups, independently of training or the type of training,
reduced their protein intake between the months of
September and December; (ii) individuals training HIIT
or HIIT plus WB-EMS increased their dietary energy
density and reduced their fibre intake with no change in
total energy intake or other dietary variables; and (iii)

© 2019 The British Dietetic Association Ltd.
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Table 2 Changes in dietary intake outcomes adjusted for sex, age,
and sex and age

F P n?

Energy intake (kcal)

Model 1 2.890 0.021 0.192

Model 2 3.365 0.009 0.216

Model 3 2.968 0.013 0.229
Fat intake (g)

Model 1 2.778 0.131 0.127

Model 2 2.219 0.064 0.154

Model 3 1.882 0.099 0.158
Protein intake (g)

Model 1 5.573 <0.001 0.314

Model 2 8.572 <0.001 0.413

Model 3 7.108 <0.001 0.415
Carbohydrate intake (g)

Model 1 2.206 0.065 0.153

Model 2 2.428 0.045 0.166

Model 3 2.144 0.061 0.177
Fibre intake (g)

Model 1 8.098 <0.001 0.399

Model 2 7.696 <0.001 0.387

Model 3 6.828 <0.001 0.406
Dietary energy density (kcal g~")

Model 1 7.216 <0.001 0.388

Model 2 5.867 <0.001 0.340

Model 3 6.067 <0.001 0.394

Model 1, baseline values and sex; Model 2, baseline values and age;
Model 3, baseline values, sex and age. P values (<0.05) are in bold.

Exercise effect on energy and nutrients intake

body composition changes were dependent on dietary
intake changes.

Despite no significant pre-post intragroup differences
being observed in total energy intake, the groups training
HIIT or HIIT plus WB-EMS showed a near-significant
trend towards lower energy intake after the intervention
programme. Our results concurred with those reported in
a systematic review showing that exercise did not result
in a compensatory increase in energy intake ® The
appetite compensatory food responses to exercise display
a high interindividual variability V. Although, when
exercise is continued, energy intake could track total
energy expenditure *". A previous study had shown that
energy intake was not up-regulated as a compensatory
response to the energy expenditure produced by exercise
because of an increase in post-prandial satiety signalling
driven by changes in gut peptides as a result of exercise
@D In this sense, exercise could suppress the release of
hormone acylated ghrelin (orexigenic) and could also up-
regulate the secretion of polypeptide YY, glucagon-like
peptide-1 and pancreatic polypeptide (anorexigenics),
inducing a simultaneous appetite suppression %%,

We observed a reduction of protein intake in all groups
after the intervention programme, whereas fat and carbo-
hydrate intake did not change. Our results could be par-
tially explained by a seasonality effect because our
baseline assessment was performed in September and the
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Figure 4 Association between changes in dietary variables: energy (a, f and k), fat (b, g and I), protein (c, h and m), carbohydrate (d, i and n),
energy density (e, j and 0), as well as changes in body composition variables: lean mass index (a, b, ¢, d and e), fat mass index (f, g, h, i and j)
and body mass index (k, I, m, n, and o). p (unstandardised regression coefficient), r*, and P from a simple linear regression analysis. BMI, body

mass index; FMI, fat mass index; LMI, lean mass index.
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Table 3 Changes in food group consumption

L. Jurado-Fasoli et al.

Control PAR HIT WB-EMS
A SD P A SD P A SD P A SD P
Dairy (servings day™") 023 0386 0.332 0.06 073 0736 -0.01 089 095 -0.08 0.75 0.637
Vegetables (servings day™') —-0.55 1.04 0.068 0.41 136 0.242 020 1.63 0.609 0.16  1.88 0.721
Fruits (servings day ') -0.60 1.20 0.082 -0.21 1.75 0625 -060 1.16 0.042 -057 233 0.305
Cereals (servings day™") —0.01 1.71 0.977 0.04 162 0922 -0.19 120 0513 -038 1.10 0.146
Olive oil (servings day™") -0.54 0.89 0.042 -0.12 049 0332 -0.11 083 0579 -024 071 0.152
Eggs (servings week ') -0.07 1.60 0870 -0.83 147 0.034 -031 083 0133 -0.13 1.22 0.638
White meat (servings week™") -0.33 1.63 0.467 030 1.24 0.330 0.09 134 0782 -0.18 124 0.531
Read meat (servings week ™) —-0.40 1.08 0.193 -0.29 088 0.189 -066 148 0.075 -035 145 0.311
Processed meat (servings week™) —-0.09 4.40 0.938 036 3.00 0634 —-045 250 0455 0.04 235 0.939
Fish (servings week™") -1.29 2.05 0.043 -032 225 0566 —-0.17 322 0.827 -055 2.81 0.401
Legumes (servings week™) 032 1.46 0.421 045 1.03 0.093 0.64 129 0.049 1.06 1.81 0.020
Nuts (servings week™") —-0.57 3.47 0.552 -0.54 398 0.586 0.06 386 0946 —-1.03 3.66 0.251
Vegetable oils (servings week™) 0.03 1.12 0.913 0.03 064 0.863 0.00 0.16 1.000 -0.19 1.17 0.481
Margarine (servings week ") —-0.18 0.57 0.268 -0.09 170 0837 —-022 243 0708 -0.19 134 0.548
Butter (servings week ') 0.50 1.98 0.367 0.00 063 1.000 -0.14 196 0.770 0.06 090 0.782
Sweets (servings week™") 0.75 5.27 0.605 -0.71 7.52 0.701 3.64 7.69 0.061 134 357 0.119
Alcoholic drinks (servings week ") 3.67 2.45  <0.001 4.81 5.64  0.003 5.33 3.94 0.000 6.88 868 0.003
Soft drinks (servings week™") 0.07 1.33 0.849 051 268 0443 -047 1.08 0083 -—-126 281 0.066

Data are presented as mean of changes (Post minus Pre) and the SD. P value obtained from Student’s paired t-test. P values (<0.05) are in bold.
HIIT, high-intensity interval training group; PAR, physical activity recommendations for adults proposed by the World Health Organization group;

WB-EMS, whole-body electromyostimulation group.

Table 4 Changes in body composition outcomes

Control PAR HIIT WB-EMS

A SD P A SD P A SD P A SD P
BMI (kg m™) —0.18 0.34 0.077 —0.51 0.66 0.005 —0.06 0.53 0.648 —0.23 0.44 0.045
LMI (kg m™2) —0.10 1.67 0.818 0.80 1.10 0.011 1.27 1.33 0.002 1.71 1.67 0.001
FMI (kg m™) —0.07 1.82 0.892 —-1.31 1.31 0.001 —1.51 1.67 0.003 —1.89 1.72 <0.001

Data are presented as the mean of changes (Post minus Pre) and the SD. P value obtained from Student's paired t-test. P values (<0.05) are in

bold.

HIIT, high-intensity interval training group; PAR, physical activity recommendations for adults proposed by the World Health Organization group;

WB-EMS, whole-body electromyostimulation group.

post-intervention assessment was conducted in December.
In this sense, a systematic review and meta-analysis evalu-
ated the effect of season on food intake in adults **. A
higher consumption of eggs, meat and fish (high protein
sources) was observed during spring—summer time ** that
concurred with our findings. Although without significant
differences, we observed that all groups decreased the con-
sumption of high protein sources (eggs, meat and fish),
which could be clinically relevant to decrease the total
intake of protein. When we computed a variable that
includes all high protein sources (eggs, meat and fish), we
found that all groups decreased their consumption of high
protein sources [Control group, —3.3 (4.5) servings week
', P =0.001; PAR, —0.4 (4.8) servings week ', P = 0.007;
HIIT, —1.5 (4.4) servings week ', P = 0.004; WB-EMS,

924

—1.2 (5.5) servings week ', P =0.071]. Food seasonality
could therefore be a factor determining dietary behavior
and have an impact on food and energy intake **. It has
been reported that there is a drop-in serotonin levels dur-
ing the winter ®*. Low serotonin levels have shown to
increase the intake of sweet carbohydrate-rich foods but
not protein rich foods %) 1n this sense, we observed that
exercise training does not influence food seasonality, pro-
ducing an influence on the dietary intake of our partici-
pants. However, we have to take into account that all
dietary outcomes were obtained from questionnaires, and
so we should assume the possible bias of under-reporting
or over-reporting in terms of protein intake.

In addition, it is well-known that protein intake
showed a negative association with energy density
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and so an increase in dietary energy density could have
related with a decrease in protein intake in our study
cohort. Moreover, our results partially agree with a previ-
ous study that showed a fat, protein and carbohydrate
intake reduction in sedentary individuals after 8 months
of two different training programmes (i.e. aerobic and
concurrent training) . However, a recent systematic
review suggested that there is no consistent evidence
regardomg the effects of chronic exercise on macronutri-
ent intake, showing that individuals do not spontaneously
alter their diets in response to exercise ®.

Our results showed, for the first time, that HIIT and
WB-EMS increased the dietary energy density and
decreased the fibre intake. Thus, groups involved in the
high-intensity exercise training programme increased the
consumption of foods high in calories and low in fibre
(i.e. processed foods). It has recently been suggested that
an acute exercise bout increases the reward value of food
with a higher wanting and preference for high-fat sweet
foods (with high dietary energy density and low fibre
content) in some sedentary obese individuals ). How-
ever, there is a lack of studies investigating the chronic
effects of exercise on food reward. A previous study
found no differences in appetite and food rewards in
obese sedentary individuals after a moderate intensity
training program and after a high-intensity training pro-
gramme, respectively “®. Although without significant
differences, we observed that the HIIT and WB-EMS
groups increased the consumption of sweets servings,
which are low in fibre and have a high dietary energy
density. We also observed a decrease in the consumption
of fruits and cereals (high in fibre and with low dietary
energy density) and an increase in alcohol consumption
(low in fibre and with a high dietary energy density) in
the HIIT and WB-EMS groups. Although we did not find
significant differences in the consumption of the above-
mentioned food groups, the food pattern ingested by par-
ticipants could be clinically relevant in terms of modify-
ing the fibre intake and dietary energy density.

When we compared changes in dietary intake variables
between the different training programmes, we did not
find significant changes. To the best of our knowledge,
this is the first study to compare PAR versus HIIT versus
WB-EMS. Previous studies have demonstrated that there
were no differences in dietary intake when comparing
HIIT with moderate intensity continuous training 29 or
comparing aerobic training versus PAR ®. These results
are in accordance with our results, indicating that there
are no differences in terms of dietary intake between dif-
ferent training programmes.

Moreover, our results support the notion that exercise
training induces muscle protein synthesis, providing an
anabolic signal to the skeletal muscle independently of

© 2019 The British Dietetic Association Ltd.
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energy and/or macronutrient intake (30-32) Exercise train-
ing could stimulate muscle protein synthesis up to 48 h
after an exercise bout, demonstrating the potential bene-
fits of exercise in terms of protein synthesis through the
anabolic signal to skeletal muscle ©V. Exercise training
increases muscle protein synthesis, likely shifting energy
towards lean mass maintenance at the same time as stim-
ulating fat depletion, to allow for fuel availability to cope
with an increased energy demand ©”. Exercise could
restore the catabolic signalling of low energy or macronu-
trient intake, increasing the rates of myofibrillar protein
synthesis )
changes in body composition after a supervised exercise
programme would be dependent on the biological charac-
teristic of the individual (classified as Responders or Non-
responders) ). Tt has been suggested that exercise train-
ing induces muscle protein synthesis.

Our study has some limitations. First, the participants
were sedentary middle-aged adults (4565 years old) and
we do not know whether these results can be extended to
younger or physically active populations. Second, we used
self-report methods to assess dietary outcomes, with the
possible under-reporting or over-reporting of different

. In addition, it has been suggested that

unhealthy and healthy foods, which makes an accurate
evaluation of the dietary intake difficult. Third, only two
surveys were used to assess dietary outcomes and, fur-
thermore, dietary outcomes were not controlled during
the intervention program. Finally, the duration of our
initial supervised training phase does not provide infor-
mation regarding whether changes persisted beyond
12 weeks.

Conclusions

In conclusion, the present study study showed a seasonal
effect in protein intake and this effect is not changed by
training modalities (even when intensive) in healthy
sedentary middle-aged individuals. However, higher diet-
ary energy density and lower fibre intake were observed
in high-intensity exercises modalities (HIIT and WB-
EMS). Our results also suggest that lean mass gains
induced by exercise are independent of energy or protein
intake.
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Introduction

Abstract

Background: In 2012, the National Institute for Health and Care Excellence
(NICE) Clinical Guidelines for Epilepsies: Diagnosis and Management
(CG137) included, for the first time, ketogenic diets (KDs) as a treatment
option for drug-resistant paediatric epilepsy. The recommendation was
made to refer children and young people with epilepsy whose seizures have
not responded to appropriate anti-epileptic drugs to a tertiary paediatric
epilepsy specialist for consideration of the use of KDs. We aimed to assess
the impact of this change in guidance on the numbers of ketogenic centres
and patients following KDs for epilepsy in the UK and Ireland.

Methods: An online survey was circulated to ketogenic dietitians from the
UK and Ireland. The results were compared with similar surveys published
in 2000 and 2010.

Results: The number of centres offering KDs for treatment of epilepsy has
risen from 22 in 2000, to 28 in 2010, and to 39 in 2017 (77% overall
increase). Seven of these centres accept adult referrals, in comparison to only
two centres in 2010. Patient numbers have increased from 101 in 2000 to 754
in 2017. In total, 267 patients are waiting to commence KD at 31 centres.
Conclusions: Over the last 7 years, the number of patients treated with a
KD for epilepsy in the UK and Ireland has increased by 647%, with a 77%
increase in the number of centres offering KDs. Despite this rapid growth,
there is ongoing demand for patients to be considered for dietary therapy,
highlighting the need for continued expansion of KD services nationally.

often using household measures rather than accurate
weighing of foods, with a greater freedom in the con-

Ketogenic diets (KDs) are high-fat, restricted carbohy-
drate diets that have been used as a treatment for drug-
resistant epilepsy from the 1920s onwards V). There are
different types of KDs in use: the classical KD ¥, med-
ium chain triglyceride (MCT) KD ©, Modified Atkins
diet (MAD) ® modified ketogenic diet (MKD) 0 and
the low glycaemic index treatment (LGIT) . The MAD,
MKD and LGIT are less restrictive versions of a KD,
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sumption of protein and, in some cases, carbohydrate.
This more liberal approach may help improve tolerability
and adherence ®, although the principles of a high-fat,
low-carbohydrate diet remain, requiring significant diet-
ary adjustment for the child, young person or adult
undertaking KD therapy.

KDs are a well-established non-pharmacological treat-
ment for drug-resistant epilepsy, as indicated by an

© 2019 British Dietetic Association
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increasing number of randomised controlled trials (RCTs)
in the paediatric population. The most recent Cochrane
review (2018) ® concluded that evidence from 10 trials
showed promising results for the use of KDs in epilepsy
treatment. A seizure reduction >50% was achieved in 38—
85% ' of participants treated with classical 4:1 KD and
42-60% 12 of participants treated with MAD for a
duration of 3 months. Seizure freedom varies, with 1-55%
19 of participants following a classical KD and 10-25%
(112 following a MAD for 3 months achieving this.

KDs are being increasingly used for adults with epilepsy
and both the classical KD and MAD show promise in
terms of feasibility and tolerability "*~'*). Effectiveness
was recently assessed in two RCTs comparing MAD to
control (treatment as usual). Zare et al. (¢ reported
35.3% of participants to be responders achieving >50%
reduction in seizure frequency after 2-month treatment
with MAD. By contrast, Kverneland et al. '” found only
12.5% of participants experienced >50% seizure reduction
after 3-month treatment with MAD. However, this find-
ing was not statistically significant. At best, they report a
significant reduction in diet versus control group for
moderate benefit only (25-50% seizure reduction). Low
participant numbers, epilepsy type (focal versus gener-
alised) and length of time with drug-resistant epilepsy are
possible reasons for difference in findings. Further, large
scale RCTs are required in this area.

The use of KDs to treat childhood epilepsy in the UK
was examined in 2000 '® and then again in 2010 "’ via
a survey to paediatric ketogenic dietitians. The number of
centres offering KDs and patients following a KD
increased in this time period. These surveys were under-
taken prior to 2012 and the publication of the National
Institute for Health and Care Excellence (NICE) guidance
on the diagnosis and management of epilepsies (CG137;
2012) 29 \hich, for the first time, recommended consid-
eration of a KD for children and young people with
drug-resistant epilepsy. One may expect that referrals for
KD therapy and demand on KD services would have
increased further subsequent to the change in NICE guid-
ance ?”. The present survey aimed to reassess the use of
KDs aiming to assess the changes in practice and service
provision since 2007.

Materials and methods

An online survey was devised by a group of adult and
paediatric ketogenic dietitians, as part of the Ketogenic
Dietitians Research Network (KDRN). The survey com-
prised 44 questions (see Appendix 1) including questions
regarding the number of services offering KD therapy,
number and age of patients treated, waiting time to com-
mence KD, duration on KD, and types of KD in use. The

© 2019 British Dietetic Association

A review of services

survey was circulated via the KDRN and Ketogenic Pro-
fessional Advisory Group (KetoPAG) mailing lists and
advertised through the parental support charities, Mat-
thew’s Friends and The Daisy Garland. Each service was
asked to complete only one survey. Data were collected in
July 2017 and approved by the audit and research depart-
ments of individual centres as required. The results were
compared with the findings of earlier surveys published
in 2000 "® and 2010 *?).

Results

Demographics

Twenty-five KD services across the UK and Ireland com-
pleted the full survey. An additional 14 KD services pro-
vided data on the number of patients being treated with
KD and those waiting to commence treatment, although
they declined or were unable to complete the full survey
for unreported reasons.

Ketogenic diet services

The number of services offering KDs for the treatment of
epilepsy grew from 22 in 2000, *® to 28 in 2010 "', and
to 39 in 2017, representing a 77% increase (Fig. 1).

Figure 2 shows the 39 centres in the UK and Ireland
offering a service in 2017, with comparative size and
patient group (paediatric, adult or both) treated. Two
services offered KD therapy to adults in 2010 ¥ com-
pared to seven in 2017.

Number of patients

The number of patients with epilepsy being treated with a
KD increased from 101 in 2000 '*, to 152 in 2010 "%,
and to 754 in 2017 (Fig. 3) over a seven-fold increase.
Thirty-one services had a waiting list, with 276 patients
in total (range 1-49) waiting to commence a KD.

Types of ketogenic diet used

Twenty-six (of 39) ketogenic services responded to this
section of the survey. Furthermore, 324/580 (55.9%)
patients were following a classical KD, 187/580 (32.2%)
were following a MKD, 56/580 (9.7%) were following a
MCT KD and 13/580 (2.2%) were following a LGIT
(Fig. 4a). The classical and MCT KDs were the only diets
in use in 2000 '® and 2010 .

In 2017, of the 324 patients following a classical KD, 142
(43.8%) were orally fed, 36 (11.2%) were enterally and
orally-fed, and 146 (45%) were fully enterally-fed. Of the
187 patients following MKD, 183 (97.9%) patients fed
orally, three (1.6%) were both enterally and orally-fed, and
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Figure 2 Map of ketogenic diet services in the UK and Ireland.

one (0.5%) was fully enterally-fed. Of the 56 patients fol- Ketogenic diet initiation
lowing MCT KD, 40 (71.4%) fed orally, eight (14.2%) were
enterally and orally-fed, and eight (14.2%) were fully enter-
ally-fed. Thirteen (100%) patients were following a LGIT
orally. No service reported use of the MAD (Fig. 4b).

In total, 180/580 (31%) of patients commenced a KD in
the acute hospital setting which is similar to 43/132 (33%)
of patients in 2010 "* and 52/101 (51%) in 2000 '®. The
remainder commenced a KD at home as an outpatient.
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Ketogenic diet service provision

Seven of 26 (27%) of ketogenic services were supported
by charity funding, with the remainder funded predomi-
nantly by the health service. Almost half of all ketogenic
services reported inadequate funding for dietitians (11/26;
42%), with some centres reporting inadequate funding
for nurses (3/26; 12%) and consultants (2/26; 8%), with
limited service provision for new patients. Furthermore,
176/580 (30.3%) patients were treated with a KD for over
2 years and four services stated that this extended use of
KD treatment limited their service provision for new

© 2019 British Dietetic Association
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patients. Only five services had access to a transition ser-
vice for children >18 years; the shortage of transition ser-
vices also limited ketogenic service provision.

Discussion

The number of KD services has increased by over two-
thirds since 2000, with a concomitant increase of 647%
in patient numbers. This is likely partly a result of the
growing body of evidence supporting use of the KD for
epilepsy ® and the inclusion of KDs in NICE guidance
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(18 191819) " A similar study of French KD services *") also
reports an increase in the number of KD services and
patients treated from 2005 to 2018.

The use of the classical KD has reduced substantially
since 2000, predominantly replaced by the MKD, which
almost half of all orally-fed patients in this survey are fol-
lowing. Despite the lack of published evidence for the
effectiveness of MKD for epilepsy, the use of this KD
variant may have increased because it is viewed as easier
to implement by dietitians, reducing the dietetic time
required to calculate the dietary prescription and to edu-
cate patients ®. The less restrictive MKD may be better
tolerated and have higher compliance levels compared
with the classical and MCT KDs, although further
research is needed to support this and to determine its
efficacy for epilepsy.

In 2000, it was common practice to initiate KD in the
acute hospital setting '® and the original International
Consensus Statement (2009) ?¥ on Optimal Clinical Man-
agement of KDs in epilepsy supported this practice. In
2010 ), half of all responding centres initiated KDs on
an outpatient basis. This trend continued in our survey,
with the majority of ketogenic services in the UK and Ire-
land favouring outpatient KD initiation. The patients who
commenced KD in the acute setting may have been admit-
ted for other reasons, including poor epilepsy control
rather than exclusively to start a KD. Commencing a KD
as an outpatient is generally less resource-intensive for the
service and is likely to be less of a burden for families.

Although not yet recommended as part of current
NICE guidance, there has been an increase in the avail-
ability of adult services. Research into KD use in this
patient group is increasing ‘'®'7?%)] although studies are
limited by small sample sizes and there remains a need
for a large scale RCT exploring clinical and cost-effective-
ness. Our survey has highlighted that one-third of
patients on a KD remain on diet over the recommended
2-year treatment period **, which could contribute to
the greater demand for adult services. Disappointingly,
despite the introduction of some adult services, only five
of 26 (19%) of paediatric centres stated they had access
to an adult or transition service to refer their older
patients (=18 years) to. This is an ongoing challenge for
the managing paediatric ketogenic team but, more signifi-
cantly, the family who may have to consider weaning
their child from KD, even when a positive response is still
maintained.

The present study has some limitations. The survey was
not validated and could be subject to reporter bias.
Although this was a practical and cost-efficient method of
contacting nationwide ketogenic services, missing or
incomplete data are inevitable, and the time restraints of
clinical practice may have limited the depth of response
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on some occasions. On analysing the data, this provided
more questions: how long patients are waiting to access
KD services; why are patients staying on diet over 2 years;
and what service adjustments or improvements are being
implemented to reduce waiting lists or waiting times?

In conclusion, there is ongoing demand for KD for
both paediatric and adult patients. Despite the rapid
increase in services and increased availability of the diet,
there are still substantial waiting lists, highlighting the
need for continued expansion of services nationally. With
almost 80% of services stating that the service size is lim-
ited by funding, new models of service delivery and fund-
ing need to be found to ensure that patients can access
an effective treatment in a timely manner.
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Appendix

1 What centre are you based at?

2 Please indicate whether your centre is: Primary, Sec-
ondary, Tertiary

3 What year did the ketogenic service start at your cen-
tre?

4 TIs dietetic time funded as part of the ketogenic service?
5 Please indicate whether the service is for: Adults, paedi-
atrics, inpatients, outpatients

6 What age of referrals do you accept? <12 months, 13—
24 months, 25 months <5 years, 5 < 11 years, 11 < 16
years, 16 < 19 years, 19 < 30 years, 30 < 40 years, 40 < 50
years, 50 < 60 years, 60 < 70 years, 70 < 80 years, 80+ years
7 How many patients do you currently have on your
waiting list (from referral until seen by dietitian, includ-
ing screening)?

8 How many patients are currently ‘on diet’ (testing
ketones)?

9 In the past 12 months (1 July 2016 to 30 June 2017),
how many patients have been referred to your service in
total?

a In the past 12 months (1 July 2016 to 30 June
2017), how many patients have been referred to your
service aged 12 months or under (age at referral)?

b In the past 12 months (1 July 2016 to 30 June
2017), how many patients have been referred to your
service aged 13-24 months (age at referral)?

¢ In the past 12 months (1 July 2016 to 30 June
2017), how many patients have been referred to your
service aged 25 months to <5 years (age at referral)?

d In the past 12 months (1 July 2016 to 30 June
2017), how many patients have been referred to your
service aged 5 to <11 years (age at referral)?

e In the past 12 months (1 July 2016 to 30 June
2017), how many patients have been referred to your
service aged 11 to <16 years (age at referral)?

f In the past 12 months (1 July 2016 to 30 June
2017), how many patients have been referred to your
service aged 16 to <19 years (age at referral)?

g In the past 12 months (1 July 2016 to 30 June
2017), how many patients have been referred to your
service aged 19 to <30 years (age at referral)?

h  In the past 12 months (1 July 2016 to 30 June
2017), how many patients have been referred to your
service aged 30 to <40 years (age at referral)?

i In the past 12 months (1 July 2016 to 30 June
2017), how many patients have been referred to your
service aged 40 to <50 years (age at referral)?

j In the past 12 months (1 July 2016 to 30 June
2017), how many patients have been referred to your
service aged 50 to <60 years (age at referral)?
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k In the past 12 months (1 July 2016 to 30 June
2017), how many patients have been referred to your
service aged 60 to <70 years (age at referral)?
1 In the past 12 months (1 July 2016 to 30 June
2017), how many patients have been referred to your
service aged 70 < 80 years (age at referral)?
10 In the past 12 months (1 July 2016 to 30 June 2017)
how many patients have started the diet (testing
ketones)?
11 In the past 12 months (1 July 2016 to 30 June 2017),
how many patients have you managed from other centres
(taken over care from other ketogenic centres)?
12 In the past 12 months (1 July 2016 to 30 June 2017),
how many patients have discontinued the diet?
13 In the past 12 months (1 July 2016-30 June 2017),
what has been the minimum number of patients on your
waiting list (from referral until seen by dietitian, includ-
ing screening)?

a In the past 12 months (1 July 2016 to 30 June
2017), what has been the maximum number of
patients on your waiting list (from referral until seen
by dietitian, including screening)?
14 In the past 12 months (1 July 2016 to 30 June 2017),
what has been the maximum number of patients on your
waiting list (from referral until seen by dietitian, includ-
ing screening)?

a In the past 12 months (1 July 2016 to 30 June
2017), what has been the maximum waiting time
(days) between the initial appointment (seen by the
dietitian/MDT) and dietary training?
15 For this question, please state the main reason for
dietary discontinuation for each patient

a  Of those patients who have discontinued the keto-
genic diet in the past 12 months (1 July 2016 to 30
June 2017), how many discontinued because they
reached the end of planned treatment?

b  Of those patients who have discontinued the keto-
genic diet in the past 12 months (1 July 2016 to 30 June
2017), how many discontinued due to non-response?

¢ Of those patients who have discontinued the keto-
genic diet in the past 12 months (1 July 2016 to 30
June 2017), how many discontinued because their ini-
tial response to treatment was not maintained?

d Of those patients who have discontinued the
ketogenic diet in the past 12 months (1 July 2016 to
30 June 2017), how many discontinued due to an
inability to tolerate the diet?

e  Of those patients who have discontinued the keto-
genic diet in the past 12 months (1 July 2016 to 30
June 2017), how many discontinued due to patient
inability to comply with the diet?
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f  Of those patients who have discontinued the keto-
genic diet in the past 12 months (1 July 2016 to 30
June 2017), how many discontinued due to parent/
guardian/carer inability to comply with the diet?
g  Of those patients who have discontinued the keto-
genic diet in the past 12 months (1 July 2016 to 30 June
2017), how many discontinued as the patient deceased?
h  Of those patients who have discontinued the
ketogenic diet in the past 12 months (1 July 2016 to
30 June 2017), how many discontinued due to another
reason (please specify)?

16 Who is in your MDT (dedicated part of ketogenic

team and within job plan, including vacant posts)?

17 Patient specialty accepted: GLUT1 deficiency syn-

drome, Metabolic: other (all except GLUT1), Neurology

18 Is your service funded to provide clinics off site, e.g.

outreach?

19 Is your service funded to provide community support,

e.g. home or school visits?

20 Is there a local transition service available?

21 Does your service provide a transition service?

22 Do you accept out-of-area patients?

23 Do you accept private ketogenic patients?

24 Is your service provision limited?

a  If answered ‘yes’ to question 24a, what limits your
service provision?
25 Do you have a fixed capacity?

a  If answered ‘yes’ to question 24a, what limits your

service provision?
26 What types of ketogenic diets does your service offer?
27 In your current caseload, how many patients do you
manage on a classical ketogenic diet who are orally fed?
28 In your current caseload, how many patients do you
manage on a classical ketogenic diet who are enterally fed?
29 In your current caseload, how many patients do you
manage on a classical ketogenic diet who are both orally
and enterally fed?

© 2019 British Dietetic Association
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30 In your current caseload, how many patients do you
manage on a medium chain triglyceride ketogenic diet
who are orally fed?

31 In your current caseload, how many patients do you
manage on a medium chain triglyceride ketogenic diet
who are enterally fed?

32 In your current caseload, how many patients do you
manage on a medium chain triglyceride ketogenic diet
who are both orally and enterally fed?

33 In your current caseload, how many patients do
you manage on a modified ketogenic diet who are orally
fed?

34 In your current caseload, how many patients do you
manage on a modified ketogenic diet who are enterally
fed?

35 In your current caseload, how many patients do you
manage on a modified ketogenic diet who are both orally
and enterally fed?

36 In your current caseload, how many patients do you
manage on a low glycaemic index who are orally fed?

37 In your current caseload, how many patients do you
manage on a low glycaemic index who are both orally
and enterally fed?

38 In your current caseload, how many patients were
started as an inpatient?

39 In your current caseload, how many patients were
started as an outpatient?

40 In your current caseload, how many patients were
started in ICU?

41 In your current caseload, how many patients use blen-
derised diets (either wholly or partially) via feeding tube?
42 Do you offer group education sessions to initiate the
diet?

43 In your current caseload, how many patients have
been on the diet for &gt; 2 years? (Do not include
patients who are currently weaning off diet)

44 If you have any additional comments, please write in
the box below
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Introduction

Patient-centred care (PCC) is fundamental to the safety
and quality of health care V). This approach, which has
been advocated in various health professions for many
, aims to provide care that is respectful of, and
responsive to, individual patients’ needs and preferences,
ensuring patients’ values guide decision-making

years %)

Patient-centred care does not merely focus on a disease
or condition but rather on individual patients and their
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Abstract

Background: Patient-centred care (PCC) is widely recognised as being
important with respect to the delivery of quality health care. However, lim-
ited research has explored PCC in the dietetic context. In particular, dieti-
tians’ views of the barriers and enablers to delivering a patient-centred
approach have not been investigated. Therefore, the present study aimed to
explore primary care dietitians’ perspectives of the barriers and enablers to
delivering PCC.

Methods: The present study was situated in a constructivist—interpretivist
paradigm and used qualitative methods. Both convenience and snowball
sampling were used to recruit Australian Accredited Practising Dietitians
(APD) who were working in primary care. Individual semi-structured inter-
views explored dietitians’ perspectives of the barriers and enablers to deliv-
ering PCC. Data were analysed thematically.

Results: Twelve APDs were interviewed between March and April 2018.
Seven themes were discovered: (i) challenges in defining PCC; (ii) valuing
PCC; (iii) enacting PCC; (iv) requiring additional education in PCC; (v)
evaluating one’s own practice; (vi) workplace pressures and constraints; and
(vii) keeping up with expectations.

Conclusions: These findings suggest that: (i) the meaning of PCC in dietet-
ics should be clarified to ensure it is being practiced consistently; (ii) under-
graduate curricula require a greater emphasis on PCC so that dietitians
graduate with the necessary knowledge and skills; (iii) there is a need for
more professional development training to facilitate uptake of PCC in prac-
tice; and (iv) quantitative measurement of PCC using validated instruments
is needed to evaluate PCC in the dietetic setting. Addressing some of these
factors may assist dietitians to adopt these practices.

psychosocial, spiritual and emotional needs ‘. There are
clear ethical and clinical justifications for PCC .
Patient-centred care has been associated with benefits
for patients, such as improved clinical care, better disease
management, increased patient engagement, reduced anx-
iety, improved quality of life, decreased mortality and
higher functional status *°®_ It has been associated with
@) enhanced doctor and patient satisfaction, as well as
increased safety and cost effectiveness, in addition to fam-

ily and staff satisfaction . Despite the associated benefits
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and clear justifications, challenges still exist regarding
implementing and sustaining patient-centred practices.

There are a number of potential barriers that impact
on the delivery of PCC . Barriers identified in other
healthcare contexts include variation in the definition of
PCC ¥, time constraints reported by health professionals
O-1D " attitudes of health professionals ) and attitudes
and/or practices stemming from the traditional biomedi-
cal model of care "', It is important to understand these
barriers so that strategies can be developed to address
them. Researchers have also identified a number of fac-
tors that facilitate the delivery of PCC, including training
and education, measurement and evaluation tools, and
supportive work environments for health professionals
(9,12,13)

Patient-centred care is important to dietetic practice
but has not been a focal point in dietetic research.
Although researchers have explored this topic in more
depth in the dietetic context recently '*)) little has been
reported about the potential challenges with delivering
PCC from dietitians’ perspectives '*). Understanding the
underlying factors that might influence dietitians’ adop-
tion of PCC is important; without a thorough under-
standing of the contextual barriers and enablers, strategies
aimed at enhancing the care dietitians provide may be
unrealistic and unsustainable. The present study aimed to
explore the barriers and enablers to delivering PCC from
the perspective of primary care dietitians.

Materials and methods

This was situated in a constructivist-interpretivist para-
digm. In this paradigm, researchers seek to explore partic-
ipants’ subjective understanding of phenomena and this
understanding is elicited through interactive dialogue
between the researcher and participant '®. This paradigm
assumes that multiple realities and truths exist '®. Both
participants and researchers co-construct this reality.
Consistent with this paradigm, qualitative methods were
adopted, which enabled a comprehensive exploration of
participants’ perspectives and experiences '”'®. The
study was approved by the institution’s Human Research
Ethics Committee (Ref No: 2018/123). The consolidated
criteria for reporting qualitative research (COREQ)

helped to guide this work ',

Study sample and recruitment

Participants were Australian Accredited Practising Dieti-
tians (APDs) working in primary care (i.e. working in
private practice and conducting one-on-one consultations
with patients). Although it is important to investigate this
topic further in the dietetic context in general, the present

© 2019 The British Dietetic Association Ltd.

Dietitians’ perspectives of patient-centred care

study focused on dietitians who were working in primary
care. Dietitians work autonomously and rely on develop-
ing relationships with patients that continue over time.
This is especially important within the primary care set-
ting where chronic diseases are managed long term”,
Participants were contacted via: (i) the Dietitian Connec-
tion weekly e-Newsletter; (ii) the Dietitians Unite 2018
seminar (March 2018); and (iii) dietetic specific social
media sites. Both convenience and snowball sampling
were used Y. Convenience sampling was considered
appropriate for the present study because it provided the
greatest possible coverage and maximised participation
1) Snowball sampling was also used to support conve-
nience sampling. Sampling continued until data satura-
tion was reached (i.e. no new insights were emerging) *2.

Data collection

A semi-structured interview guide was developed based on
a review of the relevant literature ®'*. The guide was
piloted with five participants including both practising
dietitians and academic researchers. Minor adaptations
were made to the interview guide based on pilot feedback
and consideration by the research team. Once the final
interview guide was agreed on by the research team, data
collection commenced. Example questions included: ‘In
your own words, could you please define your understand-
ing of the term patient-centred care and what it means to
you?’, ‘How important do you think it is for dietitians to
deliver patient-centred care?’, ‘What do you believe helps
you provide patient-centred care?” and ‘When consulting
clients, what makes it difficult to deliver PCC?. Partici-
pants completed semi-structured telephone interviews,
which ranged from 24 to 44 min, with an average interview
time of 34 min. The same researcher (RL) conducted all of
the interviews. Interviews were recorded using a digital
Dictaphone and transcribed verbatim. Interviews were con-
ducted until data saturation was reached.

Data analysis and rigour

Data were analysed using six phases of thematic analysis:
(i) familiarising yourself with the data; (ii) generating ini-
tial codes; (iii) searching for themes; (iv) reviewing
themes; (v) defining and naming themes; and (vi) pro-
ducing the report ****. Thematic analysis uses an itera-
tive, systematic and repetitive process to explore how
people feel, think or behave in a particular context rela-
tive to a specific research question *>**. Themes were
then grouped into barriers and enablers .

Various approaches were employed to increase method-
ological rigour. Memos were used throughout data collec-
tion and analysis to document the researcher’s thoughts
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and biases, and direct quotes have been provided to
demonstrate the researchers interpretation of the raw data
7) These strategies helped to ensure dependability of the
findings ?”. For the purpose of reflexivity, the researcher
documented personal reflections, interests and values @7-
29 Contact summary sheets were completed after each
interview to highlight salient ideas and topics that arose,
summarise information from target questions, and sug-
gest any remaining questions to consider ®”. Meetings
were conducted with four members of the research team
(RL, IS, LB, WC) during data collection and analysis,
which consisted of reviewing and refining preliminary
themes and excerpts from the transcripts to enhance
trustworthiness *”**. Trustworthiness is a term used by
qualitative researchers to reach agreement and check that
themes were reflective of the data. Participant characteris-
tics are summarised using the mean (SD).

Results

Participant demographics

Twelve APDs working in primary care participated in
semi-structured telephone interviews between March and
April 2018. Eleven participants were female with an age
of 32 (6.8) years. Participants were from four Australian
states and one territory, had 6 (5.2) years practising as
an APD, as well as 3.7 (1.7) years working in private
practice.

Thematic analysis

Seven themes were identified regarding dietitians’ per-
spectives of the barriers and enablers to delivering PCC:
(i) challenges in defining patient-centred care; (ii) valuing
patient-centred care; (iii) enacting patient-centred care;
(iv) requiring additional education in patient-centred
care; (v) evaluating one’s own practice; (vi) workplace
pressures and constraints; and (vii) keeping up with
expectations. Although themes are numbered from (i) to
(vii), they do not indicate the relative importance or
weight, they have simply been numbered for convenience.

Challenges in defining patient-centred care

The first theme related to the challenges with defining
PCC. Although dietitians’ comments suggested that they
valued PCC, their descriptions and definitions of PCC var-
ied. No definition was provided in the interview guide.
Rather, future work should develop a definition suitable
for dietetics. Some dietitians claimed that they had never
heard of PCC and others considered that PCC was a
‘vague’ concept with the meaning requiring clarification.
Dietitians described PCC as subjective, resulting in
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dietitians practising PCC differently. Most dietitians
described PCC as care that places patients at the centre.
Other descriptions included: empowering patients, treating
patients as individuals, considering patient’ views and
treating patients with respect. Although dietitians’ descrip-
tions shared similarities, they still varied, suggesting that
different dietitians had different understandings of PCC:

T think it’s a bit of a vague definition of terminol-
ogy and probably has many different meanings for
many different people’ (P6)

Valuing patient-centred care

The second theme illustrated that dietitians valued PCC.
The dietitians’ comments suggested that they viewed PCC
as important in understanding patients and making
patients’ feel empowered, valued and supported. Most
dietitians commented that they were motivated to deliver
PCC and suggested that it was their natural tendency to
be empathetic. They described PCC as being critical in
facilitating patients to develop personal goals, thereby
allowing patients’ priorities to be addressed. Dietitians
agreed that, when PCC was not adopted, patients left the
consultation lacking clarity and were consequently less
likely to adopt care plans:

‘If patients don’t feel empowered, a lot of the deliv-
ery of information can fall on deaf ears and may not
actually be implemented or practiced’ (P6)

Enacting patient-centred care

The third theme is closely related to the second theme
‘challenges in defining PCC’ because it described what
dietitians considered PCC looked like in their practice.
Some dietitians described enacting PCC as allowing the
patient to drive the consultation, with the dietitian’s job
being to merely guide and assist the patient to find the
answers themselves. Dietitians perceived that delivering
aspects of PCC, such as communication and shared deci-
sion-making, enabled patients to feel independent, and
that it was the dietitian’s role to guide, rather than adopt
an expert-driven approach. Importantly, dietitians also
perceived that, apart from some professional development
courses, there was insufficient support for providing PCC.
Although some dietitians described enacting PCC, others
considered that not all patients desired a patient-centred
approach. Dietitians’ comments suggested that different
patients’ attitudes, personalities and expectations influ-
enced dietitians’ approach to care. Dietitians perceived
that patients’ age, personality, level of understanding and

© 2019 The British Dietetic Association Ltd.
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stage of behaviour change influenced their preferences for
different approaches to care.

T like to see the client as having the answers within
themselves and I'm just the vector or the cheerleader
to help them find the right path for them’ (P5)

T think they are more willing to make changes
because it has been tailored to them as opposed to a
generic approach which hasn’t been tailored or
doesn’t meet their exact needs’ (P1)

Requiring additional education in patient-centred care

The fourth theme related to dietitians’ perceptions that
PCC education was insufficient in the dietetic profession.
Dietitians considered that undergraduate education did
not provide the knowledge necessary to deliver PCC,
describing a gap in their skills that reduced their confi-
dence and competence with respect to delivering PCC:

‘So [PCC] was something I felt was a real gap in my
skills when I finished university and I initially didn’t
feel competent to work in private practice and I felt
that was something I needed to address before I
went into private practice’ (P7)

Dietitians commented that a greater availability of
resources and courses to offer practical advice and strate-
gies relating to PCC was needed. They also thought that
experience was essential in obtaining PCC skills and
helped with time-management.

Evaluating one’s own practice

Dietitians highlighted the importance of practice evalua-
tion tools that both allowed dietitians to self-evaluate
their practice, and patients to evaluate the care they
received. Some dietitians perceived that self-evaluation
was lacking in practice. Others described being unsure
how to evaluate PCC and were not aware of any tools
specifically designed to evaluate PCC. Dietitians discussed
the importance of receiving feedback from patients
because they found it difficult to know if patients were
being honest with their feedback, or merely being polite:

‘... Somehow get feedback from patients, because
like you can’t really tell yourself in the consult, and
the patient is being nice to you’ (P3)

Lifelong mentoring was also considered crucial for
debriefing and external validation, allowing dietitians to
know if they were practising PCC effectively whilst also
learning PCC skills from their mentors.

© 2019 The British Dietetic Association Ltd.
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Workplace pressures and constraints

Dietitians described factors in the workplace that hin-
dered their ability to deliver PCC. Dietitians’ explained
that it was challenging to provide enough information,
explore and understand the patient’s needs and prefer-
ences, as well as build a rapport with patients in the allo-
cated time. Participants expressed conflicting views
regarding their approach to addressing the issue of time.
Although some dietitians described compromising, or
‘sacrificing the quality’ (P7) of care for the sake of time-
management, others explained that they compromised
their time-management by taking more time in consulta-
tions than was allocated to ensure patients received the
right care. Time was described as a key barrier by almost
all participants; some believed it would be less of a barrier
if adequate training was provided. Additionally, in the
private practice setting where patients are paying for con-
sultations, the cost of appointments was also seen as a
prohibitive factor, limiting patients’ ability and/or desire
to attend follow-up consultations:

‘So I guess the cost of an appointment is prohibitive
for many clients, I know many of my clients would
see me far more regularly if finances were not an
issue’ (P7)

Keeping up with expectations

Theme seven highlighted that dietitians found it difficult to
practice PCC when trying to keep up with the expectations
from general practitioners and other allied health profes-
sionals involved in the patient’s care. Some participants
perceived that health professionals who wanted particular
outcomes may not have been willing to work at the
patient’s pace. Dietitians also recognised expectations they
placed on themselves, in terms of adhering to best practice
guidelines regarding expectations of what to cover in initial
consultations. Furthermore, dietitians described a tendency
to rush and fix everything, as well as to accomplish every-
thing in the first consultation to keep up with what they
perceived were patients’ expectations,
neglecting to spend time building rapport.

consequently

‘Maybe GP expectations if it has been a referral, that
you cover everything straight away as opposed to
taking the time to build rapport and taking the time
to do more open-ended questions and help the
patient to discover some of the answers themselves’
(P4)

‘So, I think because 'm a helper and most dietitians
have that in them that they just want to help people
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and our tendency to rush in and want to fix every-
thing can actually not be helpful when it comes to
patient-centred care’ (P5)

These themes reflect a number of barriers and enablers
to the delivery of PCC. The themes ‘challenges in defining
PCC’, ‘workplace pressures and constraints’ and ‘keeping
up with expectations’ were potential barriers. Additional
education in PCC and ability to evaluate one’s own prac-
tice were seen as potential enablers. Themes that reflected
both barriers and enablers included: valuing PCC and
enacting PCC. Enablers to valuing PCC consisted of dieti-
tians’ motivation to deliver such care; however, it could
also be perceived as a barrier regarding the knowledge to
practice gap, with dietitians’ perceptions of valuing PCC
not always aligning with how it was enacted. The theme
enacting PCC was an enabler, with dietitians describing
aspects of PCC they considered as essential when deliver-
ing it in practice. How and with whom dietitians chose
to enact PCC was a potential barrier because some dieti-
tians had the perception that not all patients desired a
PCC approach.

Discussion

The present study offers novel findings in terms of being
the first study to specifically explore Australian primary
care dietitians’ perspectives of the potential barriers and
enablers to delivering PCC. Previous studies have explored
this topic from the viewpoint of patients ‘' and/or other
healthcare professionals *1®*'=*%_ Although the findings
from the present study share some similarities with studies
from other healthcare contexts *'®**7%) they are also
unique in that they describe distinct, context specific find-
ings regarding potential factors that can facilitate or hinder
the delivery of PCC by primary care dietitians.

Inconsistencies in how PCC is defined were considered
as a barrier. Dietitians commented that PCC was a
‘vague’ concept, lacking a single clear definition, resulting
in dietitians’ practising PCC differently. Most described it
as care with the patient at the centre, which does not
reflect the multidimensional nature of this phenomenon.
Dietitians’ also highlighted that, without a clear defini-
tion, it was difficult to determine whether they were
implementing PCC appropriately. This finding aligns with
the existing literature that describes how varying defini-
tions of PCC can make it difficult for professionals to
know what it is, as well as how to implement it (13,36),
Overall, these findings reinforce that, although PCC is
globally recognised as important, it is sometimes poorly
understood in practice

The second theme illustrated that dietitians clearly val-
ued PCC. This finding is consistent with views expressed
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by 11 private practice dietitians in an Australian qualitative
study %, Dietitians described wanting to adapt their prac-
tice in an effort to best serve their clients > but expressed
differing views regarding what the role of a dietitian was in
a patient-centred approach. In another Canadian study on
dietitians understanding of PCC approach to nutrition
counselling, dietitians described it as the meeting of two
experts, the dietitian and the patient, whereas others
described only themselves as the expert '*). Although dieti-
tians may value PCC, there appears to be a knowledge-to-
practice gap. Findings from an integrative review on PCC
in dietetic practice suggested that, even though dietitians
valued PCC, they did not always adopt a patient-centred
approach ¥ There may be underlying factors that influ-
ence their practice, which highlights the importance of
understanding dietitians’ views of these barriers and
enablers to delivering PCC '

Some dietitians in the present study considered that
not all patients desired PCC and that dietitians’ ability to
enact PCC was influenced by patients’ attitudes. Interest-
ingly, these views were also expressed by participants in a
qualitative study conducted in the USA involving 24 pri-
mary care dietitians 7). Dietitians thought some clients
viewed them as the ‘food police’, with some clients being
apprehensive about seeing them ©”. How, and with
whom dietitians chose to enact PCC can be seen as either
an enabler or barrier to the delivery of PCC. Interestingly,
it seemed some dietitians appeared to assume that PCC
was only appropriate for certain patients, with only some
desiring a patient-centred approach. This is reflective of a
lack of understanding regarding the meaning of PCC;
care would not be truly patient-centred if it looked the
same for each individual patient. Importantly, PCC
should be appropriate for every patient, although it may
be enacted differently depending on the patient’s prefer-
ences and values.

Dietitians’ thought their education in PCC was insuffi-
cient. They identified a gap in their skills that resulted in
reduced confidence and competence with respect to deliv-
ering PCC, with training not readily available unless they
actively sought it. Similarly, a Swedish synthesis of seven
studies highlighted that health professionals who had pre-
vious training in PCC were more confident with respect
to its delivery, often involving clients in decision-making
and goal setting by the use of different strategies and
tools to suit individual patients . It was concluded that
the successful implementation of PCC was dependant on
well trained professionals with a genuine knowledge of
PCC ®. Similarly, an integrative review published in
2017 highlighted that dietitians who received post-regis-
tration training in aspects of PCC, such as communica-
tion skills, expressed improved confidence in interviews,
enhanced relationships with patients and an ability to

© 2019 The British Dietetic Association Ltd.
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cope with challenging clients ¥, Interestingly, a UK
study surveyed 20 nurses regarding challenges with deliv-
ering quality care ®®. Nurses responded with a desire to
become more patient-centred and advocated for further
training, which was perceived to help with developing
skills such as addressing patients’ anxieties, involving
patients in care, communicating effectively and giving
patients information ®®. Overall, the findings from the
present and previous research suggest that additional
training in PCC may enable health professionals, includ-
ing dietitians, to feel confident with respect to delivering
PCC.

Dietitians emphasised the importance of practice evalu-
ation tools. Empirical evidence also suggests that evalua-
tion tools are important with respect to determining
whether certain approaches are working and allowing
modifications to practice where necessary (13:33,39),
Although there are a number of instruments designed to
measure aspects of PCC, few have been developed for use
in the primary care setting, and existing instruments vary
in scope and content ©?. In particular, the lack of PCC
measurement instruments validated in the dietetic context
has made it challenging for dietitians to evaluate their
practice, specifically regarding PCC. Recently, a dietitian-
reported inventory was developed and tested to measure
PCC in primary care dietetic practice, and this instrument
will enable dietitians to evaluate and improve their deliv-
ery of PCC 40,

Workplace pressures and constraints in the dietetic set-
ting such as time and finances were limiting factors.
Dietitians’ voiced concerns of inadequate time during
consultations. This was also expressed by dietitians in
Australian "* and Canadian * studies, where time was
seen as a barrier in the implementation of PCC, with per-
ceptions that certain aspects of PCC, such as shared deci-
sion-making, required more time “'*. Similarly, in a
cross-sectional study conducted in the UK involving 1158
dietitians, lack of time was perceived as a key barrier to
adopting patient-centred practices an, By contrast, a
qualitative study on evidence-based leaflets in maternity
care showed that involving patients in decision-making
had no major effect on the length and time of a consulta-
tion ““". The findings from previous studies also indicate
that, if discussions occur at earlier stages of the consulta-
tion, this may allow concise discussion later and eventu-
ally save time “". This was aligned with the dietitians’
comments that clear communication with patients at the
start regarding what the consultation would entail could
improve time management. Financial limitations were
also considered as a prohibitive factor. These issues are
long-standing and are complex to resolve. It is important
that dietitians are well trained with respect to delivering
PCC regardless of these constraints.

© 2019 The British Dietetic Association Ltd.
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The expectations of general practitioners and other
allied health professionals was also perceived as a barrier
to delivering PCC. Dietitians felt pressure from physicians
to address client concerns immediately rather than spend
time building rapport. A qualitative study involving 16
semi-structured interviews with general practitoners in
England found that physicians were more likely to priori-
tise the biomedical aspects rather than explore patients’
perspectives % Interestingly, a qualitative study investi-
gating patients’ experiences of dietetic consultations in
the UK found that, although most patients preferred a
patient-led approach, some strongly desired the tradi-
tional ‘biomedical’ practitioner-led style. It is important
that dietitians explore patients’ individual preferences and
tailor care accordingly “*. Dietitians in the present study
also expressed pressure from other allied health involved
in the client’s care, wanting particular outcomes and not
willing to work at the clients’ pace.

Overall, the findings of the present study highlight a
number of barriers and enablers to the delivery of PCC.
Research has previously explored this phenomenon in
other healthcare professions but not specifically from
dietitians’ perspectives. Therefore, the present study pro-
vides distinct, context specific findings regarding potential
factors that can facilitate or hinder the delivery of PCC,
which can inform future dietetic practice, research and
education.

Strengths and limitations

There are both strengths and limitations to the present
study. A strength of this study was the use of the maxi-
mum variation; we intended to draw participants from a
variety of locations, different age groups, and with a
range of years’ experience. This form of purposive sam-
pling helps to ensure a range and depth of understanding
of the phenomenon is achieved “*. Despite this, some
demographic groups are underrepresented, with all but
one participant being female and no participants in their
first year of practice. Therefore these findings may not be
reflective of how male and new graduate dietitians con-
ceptualise and enact PCC. Further, this study only sam-
pled Australian dietitians working in primary care, so
findings may not be generalisable to other settings (e.g.
costs may not be a barrier in a public hospital where
patients are not required to pay for their consultation).
Therefore, it would be beneficial for future research to
further explore this topic in other contexts and among
varying groups of dietitians.

Qualitative research does not aim to achieve generalis-
ability but intends to generate rich and contextual findings,
which can be achieved with samples considered small by

. . 45 . . .
quantltatlve researchers ( ). Semi-structured interviews
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produced in-depth data relating to a phenomenon not yet
explored from the perspective of dietitians, making this
study novel and important. A number of approaches were
adopted to enhance methodological rigour of this study, as
identified in the methods section. Data analysis com-
menced from the beginning of data collection, thus
researchers were able to identify when no new themes were
arising. Although the sample size is small, it is comparable
to other qualitative studies conducted in this context
(5:43:4647)  previous empirical work suggests the basis for
themes can emerge with about six interviews, with twelve
interviews being sufficient for saturation “*, however sem-
inal work published over 20 years ago by Sandelowski, an
international leader in the field stressed the sample size
must ultimately judge the quality of information collected
against what use it is for **),

Finally, although the interviews yielded rich descrip-
tions, these reflected participants’ perceptions and may
not have represented how they actually practiced.

Conclusions

The present study offers novel findings in terms of being
the first study to explore Australian primary care dieti-
tians’ views of the barriers and enablers to delivering
PCC. These findings can inform future strategies in prac-
tice, education and research. Specifically, the findings sug-
gested that undergraduate curricula might require more
emphasis on PCC, so that students are prepared for prac-
tice. Furthermore, a greater availability of workshops and
courses relevant to PCC beyond graduation might
enhance dietitians’ confidence in patient-centred prac-
tices, particularly for those who have left University some
time ago. The findings highlighted that dietitians require
additional tools, so they can evaluate their practice in
terms of PCC, proposing the need for future research to
further focus on developing and validating such instru-
ments. Dietitians may also require more support to deli-
ver the best possible care, and all members of the
multidisciplinary team should be aware of and support
the implementation of PCC. Finally, a conceptual defin-
tion and the dimensions that comprise it should be made
clear so that dietitians are practising PCC consistently.
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Introduction

The treatment of inflammatory bowel disease (IBD) con-
centrates primarily on gastrointestinal and extra-intestinal
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Abstract

Introduction: Extensive research has provided an important understanding
of the impact of inflammatory bowel disease (IBD) on nutrient intake,
requirements and metabolism. By contrast, there has been limited research
examining the psychosocial aspects of food, eating and drinking in IBD.
The present study aimed to address this unmet need.

Methods: Qualitative semi-structured interviews regarding the perceptions and
psychosocial impact of food, eating and drinking were undertaken with 28
purposively selected people with IBD. Interviews were audio-recorded and
transcribed verbatim. Colaizzi’s framework was used to structure the data analysis.
Results: Five major themes were identified. IBD symptoms and both surgical
and medical treatments were described as having a direct impact on eating and
drinking, with participants also using different food-related strategies to control
IBD symptoms. These included a process of experimentation to identify trigger
foods, following a severely restricted and limited diet, eating small portions, and
eating more frequently. However, their limited knowledge about if, and how,
food affected their symptoms, often resulted in negative coping strategies that
impacted on psychosocial functioning, including a lack of enjoyment of eat-
ing, being afraid to eat and finding social occasions stressful. Managing food
and drinking also made food shopping and preparation more burdensome,
creating problems with families, at work and for social life, as well as the
need for careful preparation and advanced planning of activities.
Conclusions: Inflammatory bowel disease has a profound impact on
psychosocial aspects of food and nutrition, which impacts on ‘food-related
quality of life® (FRQoL). Further research is required to identify
interventions that will improve FRQoL in patients with IBD.

symptom management ‘. The chronic nature of the
condition and the difficult-to-manage symptoms of

IBD, such as diarrhoea, abdominal pain, fatigue
and weight loss, may affect many aspects of an
115


https://orcid.org/0000-0002-9889-1248
https://orcid.org/0000-0002-9889-1248
https://orcid.org/0000-0002-9889-1248
https://orcid.org/0000-0002-9369-8115
https://orcid.org/0000-0002-9369-8115
https://orcid.org/0000-0002-9369-8115
https://orcid.org/0000-0001-5414-2950
https://orcid.org/0000-0001-5414-2950
https://orcid.org/0000-0001-5414-2950
mailto:
https://doi.org/10.1111/jhn.12668

Psychosocial impact of food in IBD

individual’s life and may significantly impact their qual-
ity of life *).

Extensive research over the past two decades has led to
an improved understanding of the impact of IBD on
nutrient intake, requirements and metabolism 77,
Although these aspects are crucially important, there has
been limited research related to the psychosocial aspects of
food, nutrition, eating and drinking in IBD, including social,
emotional and cultural aspects, despite people with IBD
considering this to be an important area for research ®.

Apart from numerous biological roles, food fulfils a
host of social and psychological needs, such as being a
source of pleasure, a coping mechanism, and communi-
cating an individual’s belonging to particular social and
cultural groups ®'". These important psychosocial
roles may be dramatically altered in people with IBD,
especially because it can affect people of all ages, gen-
der and ethnicities, for whom food may have a wide
variety of roles and meanings. For example, eating may
be associated with symptoms, malnutrition can limit
daily life and diet therapy is used in disease manage-
ment. Eating and drinking are also central to many
social interactions with family, friends and colleagues
and thus IBD can inhibit some people from socialising
(2719 Indeed, one survey reported that 82% of people
with IBD experienced problems with food and nutri-
tion, including issues with trigger foods and impaired
social activities ®). Despite attempts to emphasise nor-
mality and control in their lives, some people with IBD
experience negative psychosocial impacts associated with
food, impacting on their food enjoyment and self-iden-
tity ),

Despite previous research findings indicating that food,
nutrition and social interactions are of high importance
to people with IBD ® and that they would like issues
around diet and lifestyle to be discussed during clinical
consultations '*, they have limited access to dietetic ser-
(19 and inadequate support and advice in relation

to understanding the psychosocial aspects of food in IBD
(17)

vices

. The existing empirical research into experiences of
food and nutrition in people with IBD is limited to small
questionnaire surveys. The published qualitative studies
predominantly conflate the experiences of people with
various gastrointestinal disorders 27, although an
online interview study in IBD identified numerous chal-
lenges experienced by people with IBD in relation to
food, nutrition, eating and drinking and their impact on
their lives '®. Further studies into the psychosocial
impact that eating and drinking can have for people with
IBD are warranted. The aim of the present study was to
explore the perceptions and psychosocial impacts of food,
nutrition, eating and drinking on the lives of people with
IBD.
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Methods

In-depth, semi-structured qualitative interviews were
conducted with people with IBD to explore the perceptions
and psychosocial impacts of food, nutrition, eating and
drinking. The study selection criteria were a confirmed
diagnosis of either Crohn’s disease (CD) or ulcerative
colitis (UC), age 16 years or older (with no upper age
limit), able to eat some normal food, able to consent for
themselves and the ability to speak English fluently.
Participants were excluded if they were currently treated
with exclusive enteral or parenteral nutrition and did not
eat solid food. Additionally, being pregnant or breastfeeding
and a diagnosis of an eating disorder or chronic illness (e.g.
end-stage renal disease) that could affect the participant’s
ability to eat and drink normally were also exclusions.

Patients were recruited from outpatient clinics at two
large London teaching hospitals. Specialist clinics for
general gastroenterology and IBD clinics were targeted for
recruitment. A purposive sampling strategy was used.
Potential study participants were identified during sched-
uled outpatient appointments by a member of the clinical
team.

The interviews were based on questions developed
drawing on the previous literature, including previous
research undertaken by the study team ®, and focused
on the issues of food and symptoms, food and social
interaction with friends and family, effect of food and
eating on symptoms, effects of food, eating and drinking
on life and nutritional status, and adaptations to manag-
ing these issues (Table 1). For the purpose of clarity, the
questions were reviewed by the research team and tested
with one participant.

All interviews were conducted face-to-face, either in a
quiet room at the university (n = 5), hospital (n = 8) or at
the participant’s home (n = 10) or place of work (n = 5),
according to their preference. Participants were encouraged
to talk openly about issues that had the most relevance to
them and responses clarified and probed as necessary. All
interviews were audio-recorded and transcribed verbatim
by a professional transcriber. After 20 interviews were
conducted, the subsequent interviews did not identify any
new issues related to the topic of the study, indicating that
saturation had been achieved. A further eight participants
were interviewed both to examine whether data saturation
was achieved, and because the participants had already
agreed to take part in the study.

Thematic analysis was undertaken based on Colaizzi’s 7
step framework '? (Table 2). nvivo, version 11 (QSR
International Pty Ltd, Doncaster, VIC, Australia) for
qualitative data analysis was used to manage data. To improve
rigour of the study, two experienced qualitative researchers
were involved in the data analysis (WCD and MM).
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Table 1 Topic guide for semi-structured interviews relating to food, nutrition, eating and drinking in inflammatory bowel disease (I1BD)

Stage of the interview process and
content of the interview Examples of probes used during the interview

Introduction and opening questions

Length of time since diagnosis Could you describe when you were diagnosed with inflammatory bowel disease and how your
symptoms are?
IBD symptoms and impact on diet Can you tell me if having IBD and the symptoms have affected the way you eat and drink? How

do you feel about that? Since being diagnosed with IBD, have you made changes to your diet?
Follow-up questions to progress the interview

Symptoms and trigger foods Have you found any foods or drinks trigger your IBD symptoms?

Eating habits and any modifications Do you think your diet affects your IBD, and if so how? What other factors affect your diet (e.g.

to eating and drinking cultural, likes/dislikes, trying new foods)? Have these been affected by being diagnosed with IBD?
Do you avoid particular foods or drinks? What are the reasons for avoiding them? Do you follow a
special diet?

Food, family and socialising Has having IBD affected your social life and going out to eat with family and friends? How does
your eating and drinking affect your daily life?

Dietary advice Since being diagnosed with IBD, do you have problems controlling your weight? Have you been

given any diet specific advice? What resources do you use to find the diet specific information?
Reflective and clarifying questions

Reflective questioning; Seeking You said that you had to ‘avoid certain foods.” What foods did you avoid and why? How did this
clarification; Asking for more make you feel?You talked about ... (e.g. having to change your diet, not being able to socialise
information in relation to food). How did that make you feel?What did you do in that situation?Can you tell

me more about what you did at that time?

Interview closure Is there anything else that you would like to add or talk about in relation to food, nutrition, eating

and drinking?

Table 2 Process of data analysis using Colaizzi's framework

Steps of data
analysis Activities involved

Step 1 Al transcripts were read by one researcher (WCD) to acquire familiarity with the data and to gain a broad understanding of the
issues covered The transcripts were anonymised and pseudonyms given to study participants. All other names of individuals or
institutions mentioned during the interview were replaced by a professional or personal relationship status (e.g.
‘gastroenterologist’, ‘IBD nurse’, ‘hospital’, ‘wife’, ‘boyfriend’, etc.)

Step 2 Using an inductive process, significant words and statements relating to the topic of the study were identified from the first six
transcripts and a list of codes created independently by two researchers (WCD and MM)

Step 3 The two researchers (WCD and MM) met to discuss and formulate the meaning for the identified codes and statements. Any
differences were explored and were resolved by discussion and review of the transcripts

Step 4 According to their meaning, the list of codes and statements was preliminarily ordered into themes and the consensus was

reached by discussion (WCD and MM) The list of themes was further discussed with a third researcher (KW), who also read six
randomly selected transcripts, to clarify the meaning and to identify any overlap. Any overlapping or repetitious codes were
combined. These resulted in creation of five emerging themes and several sub-themes The newly created structure was used to
code all 28 transcripts using Nvivo, version 11, by the same researcher (WCD). There was no need to create new main themes

Step 5 Two researchers (WCD and MM) met to discuss the themes and the data allocated to each of the themes and sub-themes. The
coded data were re-read to verify the meaning and the theme allocation. At this point, all transcripts were re-read to double
check that all collected data was reflected in the themes created. This resulted in some of the smaller sub-themes being
amalgamated

Step 6 All of the resulting ideas were integrated into a detailed description of the identified issues. As a result of word limits, data were
presented under the main themes only, utilising the range of direct quotes from participants’ interviews All the team members
read the data summary and provided comments on the draft of the results. Further data reduction and/or clarification, retaining
the original data meaning, resulted in re-drafting of the paper

Step 7 All the study researchers read and commented on the final draft

The study was approved by the South West Frenchay interested participants and all were given sufficient time
National Research Ethics Committee (Ref: 11/DW/0291). to consider their participation. Those interested in partic-
A participant information sheet was provided to ipation provided their written informed consent.

© 2019 The British Dietetic Association Ltd. 117



Psychosocial impact of food in IBD

Participants were reminded that the interviewer (LDH)
had no direct involvement in their care. The principles of
confidentiality and anonymity were applied throughout
the study by giving participants pseudonyms and deleting
any data (e.g. hospital name, consultant name, geographi-
cal location) that may have led to individuals being iden-
tified.

Results

Study participants

Of 48 eligible patients who expressed an interest in
participation, 28 (57.1%) were subsequently interviewed.
Reasons for not interviewing included: being unable to
arrange a convenient time (n = 5), patients changing their
minds (#n =5) and nonresponse to follow-up contact
(n = 10). Twenty-eight patients with IBD were interviewed:
16 CD (nine female) and 12 UC (six female). Participants’
demographic and clinical data are presented in Table 3.
The median time since diagnosis was 7 years, with 10
diagnosed for <4 years, eleven for 5-10 years and seven for
over >11 years. The interview time ranged from 29 to
91 min depending on the detail of respondents’ accounts.
There were no noticeable differences of food experience
between people with CD and UC; therefore, the results are
presented together for these two groups.

Study themes

Five themes were identified from the data, each contain-
ing several sub-themes (Table 4). For succinctness, the
data are presented under the main themes only, incorpo-
rating all the sub-themes. Direct participants’ quotes are

Table 3 Demographic and clinical data of the 28 study participants
with inflammatory bowel disease

Crohn'’s disease Ulcerative colitis

(n = 16) (n=12)
Sex, n (%)
Male 7 (44.7) 6 (50)
Female 9 (56.3) 6 (50)
Age (years), mean (SD) 37.6 (10.9) 37.3(12.5)
Duration of diagnosis (years), 10.3 (10.9) 10.4 (10.8)
mean (SD)
Active disease (self-report), n 9 (56.3) 4 (25)
(%)
Previous IBD surgery, n (%) 7 (43.8) 1(8.3)
Body mass index, mean (SD)  23.3 (5.9) 23.2 (5.7)
MUST category, n (%)
Low risk 10 (63.6) 6 (50)
Medium risk 3(18.2) 5(41.7)
High risk 3(18.2) 1(8.3)

MUST, Malnutrition Universal Screening Tool.
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Table 4 Themes and sub-themes from semi-structured interviews
with 28 people with inflammatory bowel disease relating to food,
nutrition, eating and drinking in inflammatory bowel disease (IBD)

Theme 1: Personal experience of relationship between IBD
and food

IBD symptoms and impact on food intake

Impact of food intake on IBD symptoms

Theme 2: Managing diet to control IBD and its symptoms
‘Experimenting’ with food intake to manage symptoms

Food avoidance, food exclusion and food substitution

‘Bad’ food and ‘good’ food

Frequency of eating, portion sizes and planning ahead

Healthy eating, vitamins and minerals

Eating preferred food and dealing with the consequences

Theme 3: Impact of food-related issues on everyday life
Being organised, shopping, recipes and food preparation
Impact on family, personal and professional life

Social occasions and eating out

Theme 4: Acceptance and normalisation of food and its
impact in IBD

Accepting new situation and ‘normalisation’

Being in control

Missing the pleasure of being unrestricted about eating and
drinking

Theme 5: Sources of information and support

Not knowing enough

Conflicting information regarding food in IBD

Health professionals, family and friends as sources of information
and support

Limited sources of information and support

presented in italic with the participant’s identifiers of
pseudonym, gender, age and diagnosis.

Personal experience of relationships between
inflammatory bowel disease and food

Participants made a direct link between IBD diagnoses
and associated symptoms, with the impact being their
perceived dietary restrictions. Equally, participants talked
extensively about their perceived relationship between the
food they consume and the presence or severity of the
IBD symptoms.

Many participants reported loss of appetite as the main
problem related to their IBD: My appetite is one of the
first things to go during a flare. So that’s the most notice-
able thing. I won’t feel hungry at all, I can go pretty much
all day without eating anything (Kush, M, 18, CD). Other
symptoms, such as abdominal pain, diarrhoea, bloating,
mouth ulcers and loss of taste, also affected diet, particu-
larly when IBD symptoms were more severe: When your
IBD is flaring and you are not well, you just don’t want to
eat, you just don’t want any food to touch your lips (Tessa,
F, 63, CD) but returning to normal diet when well: If I'm
having no symptoms or flare-up, it’s not bad, and I can eat
absolutely anything (Amanda, F, 35, UC). There were
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some participants who made no change to their diet as a
result of their IBD diagnosis: There’s nothing in my UC
that makes me eat differently ... I don’t schedule my eating
in any form at all to do with UC (Andrew, M, 44, UC)
and others that constantly tried to judge the interaction
between their IBD symptoms and making decisions
regarding what to eat: It feels like my body is telling me
what’s not good for me (Beth, F, 35, CD).

Factors related to medical and surgical treatments
affected participants’ decisions about whether and what
to eat. For example, the increased appetite during steroid
treatment was often a period of when participants felt
unrestricted about their diet, despite the greater severity
of their IBD symptoms: If I'm on steroids that definitely
affects what I eat. So I eat more. But for me at that time
it’s usually a good thing because I've usually lost a lot of
weight (Paul, M, 25, CD). However, some were also con-
cerned about the negative effects of overeating on exces-
sive weight gain as a result of steroids. IBD-related
surgery (e.g. stoma, ileo-anal pouch, anastomosis), sur-
gery-related complications or intestinal strictures were
reported by participants as impacting on their food con-
sumption: Since surgery, foods are trial and error ... I do
have bouts of pouchitis and bleeding and stuff occasionally.
So that took a bit of getting used to, because I could just eat
anything before the bowel was removed and then realising
afterwards that certain foods like salad and fruit, I can eat
them now, but I wasn’t retaining anything. It would just
come out solid (Stephan, M, 42, UC).

Participants talked about altering their diet as a direct
effect of IBD: Before [IBD], I never thought about not eat-
ing certain types of food, just when [since] I had the colitis
(Stephan, M, 42, UC). The perceived close link between
IBD symptoms, frequency of going to the toilet and food,
created negative emotions: I think because you’re going to
the toilet all the time you’re not holding down food, then
you get scared to eat ... It got to the point where I was
nervous and you get that nervous tummy and I was going
to the toilet a lot, then I'd just stop eating (Ellen, F, 32,
CD).

Food was not seen as a direct reason for causing a
flare, although it was linked with symptom deterioration
during active disease: No, I don’t think what I eat actually
contributes to the flare-up, I don’t think it causes it, but I
think when I'm having a flare-up, what I eat can certainly
exacerbate the flare-up (Esther, F, 38, UC). Participants
talked about certain foods, or a group of foods, as a
trigger exacerbating their IBD symptoms. The specific
trigger foods varied widely between individuals, including
spicy foods, high-fat foods, red meat, dairy products,
fruit, vegetables, alcohol, coffee and fizzy drinks, and the
symptoms exacerbated by food consumption included
pain, diarrhoea, bloating, frequency and urgency, nausea
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and vomiting, and a feeling of heaviness and fatigue.
Some participants linked these symptoms with a particu-
lar food: I've noticed that sometimes there are certain
things that 1 eat will aggravate, like spicy foods ... After
I’ve eaten something spicy, the next morning I'm just on the
toilet a lot (Anna, F, 17, CD), whereas others perceived
eating in general as triggering their symptoms: Nothing
really affected it [symptoms] that I could pinpoint then
because it was literally everything, everything that went past
my mouth ... even a sip of water ... or a bite of biscuit
would send me running to the toilet (Catherine, F, 37,
UC). Some participants linked symptoms to the portion
size (larger portion) or the frequency of eating (irregular
meals). However, there were also some participants who
did not specifically link food or eating with IBD
symptoms: I mean if you'd eaten a load and then you had
to go [defecate] quickly ... I think that’s more like a
general symptom anyway (Martha, F, 29, UC).

Managing diet to control inflammatory bowel disease
and its symptoms

Although participants’ reported food and eating exacer-
bated their IBD symptoms, they commonly tried to unra-
vel this relationship and used diet to manage their
symptoms: There was clearly something wrong and the
obvious cause for this was something that I eat. So what
can I do other than removing certain things to see if it has
an effect, adding certain things to see if it has an effect
(Andrew, M, 44, UC). The methods most frequently used
were food restrictions, food exclusion, food substitution
and changing food preparation, all of which required
constant planning. All participants talked about experi-
menting with food by excluding ‘bad foods’ and replacing
it with ‘good foods’. However, the list of bad foods and
good foods differed between participants and was influ-
enced by perceived food intolerance or the exacerbating
IBD symptoms.

Opinions regarding healthy eating were widely
polarised, with some trying to follow the advice of health
professionals to increase intake of fruit, vegetables, fibre
and having a balanced diet, whereas others were question-
ing the meaning of healthy diet in IBD: Knowing what a
healthy diet is and realising that’s not going to be particu-
larly healthy at that point in time for me from a colitis
point of view (Adam, M 41, UC). Intake of fibre was
increased by some, whereas others did the opposite: The
only change I have made now is that I don’t eat a lot of
fibre. I used to have wholemeal bread, brown rice, brown
pasta, etc., but now I have white instead because I know
that having a lot of fibre makes you go to the toilet more
(Catherine, F, 37, UC). For participants who had vitamin
and mineral deficiencies or were underweight, a healthy
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diet was interpreted as one that helped them to gain
weight: I was massively underweight, and I did see a dieti-
tian for a little bit, but we didn’t look at what kind of foods
were making me worse or better ... I was just eating every-
thing and anything, it’s just that I've been trying to put
weight on (Thomas, M, 25, CD).

All participants talked about experimenting with food
by either following an exclusion diet and then slowly re-
introducing the excluded products, cooking very plain
food, mashing or liquidising food, which they perceived
made it easier to digest. Often, participants did not follow
the changes for any specified period of time or did not
keep a food/symptom diary to record how effective the
changes were. In most cases, this was not done under the
supervision of a healthcare professional but was down to
a participant’s own experimentation. There were some
participants who followed a severely restricted and limited
diet in the belief that there will be fewer foods to exacer-
bate symptoms. In others, food choice was based on their
likes and dislikes because they preferred to have enjoy-
ment of food and if necessary to deal with consequences
of having to go to the toilet more frequently. Many par-
ticipants talked about knowing or anticipating unpleasant
outcomes (e.g. abdominal pain, increased stool frequency)
but persevered with eating particular food(s) because they
had denied themselves this pleasure for so long.

Eating frequent and regular meals, eating slowly and a
small to moderate portion size were all used as possible
methods to limit the negative impact of food on IBD
symptoms: I'm trying to eat four or five times a
day — smaller amount. It’s better for me (Beth, F, 35, CD),
whereas some try to avoid eating altogether: If my stom-
ach’s playing up, so normally I would starve my stomach so
that there’s nothing in it. Sometimes I don’t eat the whole
day (Ellen, F, 32, CD).

Impact of food-related issues on everyday life

The food-related issues described (personal experience of
IBD and food, managing diet to control IBD and symp-
toms) impacted patients’ everyday life. For participants to
be able to ‘get on’ with their life, they had to plan many
activities in advance, from going food shopping, food
preparation, through to work, hobbies and socialising.

As a result of actual or perceived food restrictions
related to IBD, food shopping (e.g. checking ingredient
labels) and food preparation was more time consuming:
I’d look on the labels to make sure I didn’t think it would
upset me (Jalal, M, 51, CD). Participants perceived food
preparation to be more burdensome: It’s the cooking that
sometimes really upsets me because 1 have to cook twice
(Mary, F, 56, CD), whereas others used more flexible
methods such as separating food for themselves before
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spices or certain ingredients were added for family mem-
bers (e.g. onion, garlic).

Depending on how restrictive or varied the type of
food and the recipes were, participants found differing
levels of support from their partners and family members,
with some being more willing to compromise, whereas,
for others, mealtimes resulted in conflict or not eating
together: Everybody else in the house was continuing with
their normal diets and I would usually end up eating sepa-
rately (Kush, M, 18, UC). One participant felt that she
had to be a positive role model and give a good example
to her daughter: it’s not just myself that I'm eating, you
know planning meals for. It’s also making sure that my
child has a healthy concept of food and a healthy relation-
ship with food (Ester, F, 38, UC).

Some participants reported food-related issues and the
effect on their symptoms as impacting on their daily
functioning. Needing to visit a toilet soon after eating
created anxiety for some: I'm a bit scared to eat because I
know I'm going to need to run to the toilet (Beth, F, 35,
CD). The work environment created very specific chal-
lenges to people with IBD. Some tried to be organised
and plan ahead and to take their lunch to work to give
themselves as much control as possible: It’s nice to know
that there are things that I can eat, that are there available
to me when I want it (Dahlia, F, 22, CD). Others would
eat less or avoid eating all together: A big part of it is my
eating habits, because when I'm at work I don’t eat, because
I know if I eat I have to go to the loo ... If I knew I had
to be out all day, I probably would consciously eat less the
day before (Thomas, M, 25, CD). Where possible, some
participants tried to work from home because this way
they felt unrestricted about the frequency of eating at the
same time as being close to the toilet. Other strategies to
manage IBD symptoms also created problems for some in
the work environment (e.g. more frequent meal breaks,
avoiding specific foods), as a result of a lack of under-
standing among their colleagues: I feel like they are looking
and, “Oh she’s eating again”, you know. I think they don’t
understand. They know that I have this disease but they
don’t know how it affects me (Beth, F, 35, CD). Some
female participants reported feeling faced with suspicion
if they were not drinking alcohol at work events: If you’re
a woman and you’re not drinking, people start making
assumptions, “Oh is she pregnant and is it going to impact
on her career?” [Janet, F, 29, UC].

Social lives were greatly impacted, in a wide variety of
ways, by having IBD and food restrictions. For some,
symptoms associated with eating, particularly higher fre-
quency of visiting the toilet, needing a toilet during a meal
and pain after eating, were strong deterrents from going
out and socialising: It’s awkward when, if you’re at a restau-
rant and all of a sudden you have to bolt to wherever the
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toilet might possibly be (Gary, M, 30, CD). Many of the
study participants felt nervous about eating out in new
places because they were apprehensive about unfamiliar
menus and certain food ingredients that they may be intol-
erant of: Before I go, I really study the menu and see what to
have (Mary, F, 56, CD). For some, going out to eat was
part of carefully planned exercise rather than a spur of the
moment decision: Me and my husband both work. We could
go out whenever we want, but we end up at the same few
restaurants and I know exactly what I'm going to take before
I even walk through the door (Sandra, F, 41, CD). This
reduced the pleasure of going out for some people. Some
participants would choose to socialise but would not eat
when doing so: Even if I couldn’t eat I was going out anyway
just to socialise with my friends (Dahlia, F, 22, CD), whereas
others would refuse ‘dinner dates’ and find an excuse not
to go (e.g. infection, food allergy), so as not to disclose
their IBD diagnosis. Special occasions such as birthdays,
weddings or festive holidays were perceived by some as dif-
ficult and stressful to deal with, whereas others took more
relaxed approach and were prepared to experience the
symptoms that celebratory eating would cause. Those who
had more experience of living with IBD felt better able to
cope with different situations: If a friend is going to take
offence because I don’t eat the full portion, then that’s their
problem (Katy, F, 47, CD).

Some, who were unable to drink alcohol, felt reluctant to
go out to social events where alcohol was involved because
they thought that that they would ruin enjoyment of others,
or feel pressure from others to conform: I went to my friend’s
birthday when 1 was very much off alcohol and, they were say-
ing ‘Oh go on, have a glass of wine.” I know that it was much
more important for me not to (Janet, F, 29, UC), whereas
some were resilient to the social pressure of drinking: Alco-
hol doesn’t rule my life. I could have it or I could do without.
And 1 prefer to do without it ... If I actually go into a pub,
with my wife or with a couple of friends, they have alcohol and
I have orange juice (Robert, M, 59, UC).

Acceptance and normalisation of food and its impact in
inflammatory bowel disease

Many participants talked about negative emotions linked
with the psychosocial impacts of food, nutrition, eating
and drinking with IBD, including stress, annoyance, frus-
tration and low mood.

Acceptance of IBD diagnosis and changes to everyday
life featured strongly in participants’ experiences of food,
nutrition, eating and drinking with IBD. This was closely
linked with participants trying to normalise their life. For
some, normalisation was expressed by eating ‘normal
food’ and trying to live their life as before their diagnosis,
trying to ignore their IBD diagnosis and trying to cope
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with a higher frequency of going to the toilet: I don’t
really like being labelled with it [colitis]. I sort of don’t like
the pity. I just want to be able to get on with my life and
with my job. Not let it interfere in my life, insofar as that is
possible (John, M, 35, UC). Some tried to achieve normal-
isation by controlling their diet, being careful about what
they eat, in hope that this would help them to control
the symptoms: Eating healthier and cutting certain things
out hasn’t all been bad. Most of it has been good and it
makes me feel good knowing that what I'm eating is also
good for me and good for my colitis (Kush, M, 18, UC).
Having control was frequently mentioned and being in
control was important for participants. Accepting their
condition was seen as a first step to controlling it.
However, when participants felt unable to control their
disease, they sometimes tried to control their diet: By
making many adjustments to food and drink and general
lifestyle as I reasonably can without going completely over
the top. That how my life is (Katy, F, 47, CD). Other
forms of control were learning more about what food to
eat and what food to avoid, being aware of the environ-
ment and where the toilets are, getting to know their
body and how it responds to different foods. Hence, a
participant’s life was based around their IBD and
constant thinking about food, its nutritional value and
whether or not it will induce symptoms: I plan everything
around my body rather than planning my life then making
my body work around it (Thomas, M, 25, CD). Some
participants were prepared to make and accept these
changes without being morbid and dwelling on things
(Esther, F 38, UC), whereas some missed the pleasure of
being unrestricted about food and food choices: I miss
having normal diet, I always liked my food and I miss just
having what I want (Catherine, F, 37, UC). They tried to
be strong, although they did not manage to succeed all
the time, particularly as the restrictions and sacrifices did
not always work: It does vary on a day to day and that’s
probably the hardest part, because there are times, there are
certain things that are going to cause a reaction (Gary, M,
30, CD). This constant uncertainty only led to more
frustration, irritation and doubts in the strategies used.

Sources of information and support

Many participants expressed their limited knowledge and
understanding of CD or UC and how diet may affect
their condition: I don’t know enough about whether there
are differences between normal healthy eating and eating to
help colitis (Janet, F, 29, UC). Hence, they sought help
and support about diet in IBD from health professionals.
Many participants received diet advice at the time of IBD
diagnosis from a gastroenterologist, although the advice
frequently consisted mainly of: It doesn’t matter what you
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eat (Tessa, F, 63, CD) because diet is not linked with
IBD. Some were more accepting of that advice to con-
tinue with their normal diet, whereas others were finding
it difficult to accept: I cannot see how a digestive illness
can’t have links to food because it just doesn’t make sense
to me (Agnes, F, 31, CD).

Most participants were not offered special dietary
advice but were told that they could eat everything,
whereas others, depending on the presenting symptoms
and their severity (e.g. severe abdominal pain or severe
weight loss), were referred to a dietitian for advice on an
elimination diet, enteral nutrition in CD, low-fibre diet
or high-energy diet. Participants’ experiences of advice
given by dietitians also differed. Some were told to eat all
things in moderation (Jason, M, 56, CD) and some to
restrict their diet at the time of flare, whereas others were
told to eat everything and during flare to increase their
energy intake. As a result, satisfaction with dietitians’
advice and support varied, with some finding it very
helpful: I was in close contact with her (dietitian) and if
anything happened, I would just email her (Dahlia, F, 22,
CD) and some finding the advice generic and nonspecific:
It wasn’t as helpful as I thought it would be. It’s sort of
pretty obvious what she said to me really, to stay clear of
fibrous food (Jalal, M, 51, CD). However, some unsuccess-
fully tried for many years to be referred to a dietitian,
and some were of an opinion that if: My medical doctor
told me there’s no known correlation, so what would a
dietitian tell me? (Andrew, M, 44, UC). However, many
participants did not know what food they should eat or
what food to avoid, and if they needed vitamin and min-
eral supplements.

Only a few participants mentioned dietary support and
advice given by IBD specialist nurses. Most of the advice
concentrated around principles of healthy eating (e.g. five
portions of fruit and vegetable per day).

Some participants thought that health professionals did
not take food issues in IBD seriously, or that clinicians
were too busy to talk to about diet. Some found the
advice superficial, confusing or even conflicting. Hence,
participants tried to find diet-related advice by accessing
other sources of information, such as seeing dietitians
privately, as well as Internet IBD forums and discussion
groups. Their satisfaction with information obtained from
these sources also varied. Some found the information
useful, some thought that they have to find their own
way of coping, whereas some talked about increased anxi-
ety regarding food and food restrictions and developed
very restrictive dietary habits.

Those participants who disclosed their IBD diagnosis
to others found their friends and family to be supportive
and understanding. Some of the help and support was
more practical (e.g. advice on what to eat or what food
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to avoid, cooking food that met the individual’s prefer-
ences) and some was in the form of emotional support:
They don’t really say nothing about my weight [being
underweight] and that makes me happy because I'm really
self-conscious about my weight (Anna, F, 17, CD). Many
participants expressed a wish for a greater support from
family and friends; however, their IBD and food-related
knowledge was often limited: My friends know I have
Crohn’s, but probably a lot of them have never heard about
it, so they don’t really understand what it is and how it
affects me (Beth, F 35, CD); hence, their advice was not
always relevant: It gets really frustrating when people get
confused between irritable bowel and inflammatory bowel,
suggesting I go dairy free ... or to do this or do
that ... I'm there thinking well it doesn’t make any differ-
ence (Adam, M, 41, UC).

Discussion

The present qualitative study explores the experience and
psychosocial impact of food, nutrition, eating and drink-
ing on the lives of people with IBD. Participants reported
close links between IBD and food, in that IBD affected
their ability to eat some foods as a result of its impact on
symptoms, whereas diet was also used as an approach to
manage these symptoms. This bi-directional relationship
in most cases had far reaching, negative and compound
impacts, requiring restrictions and sacrifices in their
private, social and professional lives. Patient-reported
experiences of food-related issues in IBD restricting their
quality of life are supported by survey data suggesting
that 82% of people with IBD experience such problems
with food and nutrition ),

Active disease and the severity of symptoms such as
diarrhoea, urgency, abdominal pain, bloating, nausea,
vomiting, loss of appetite and mouth ulcers were pre-
sented as the main factors affecting participants’ food
choices. Participants restricted the range of foods con-
sumed, completely excluded some foods, reduced the
amount or frequency of eating, or all of these, in attempts
to adapt their life to their IBD. These behaviours may
contribute to nutritional problems frequently reported in
IBD, including micronutrient deficiencies, malnutrition
and even being overweight. Between 20% and 85% of
people with IBD have been reported as being at risk of
malnutrition *"??, Malnutrition is associated with sub-
optimal health outcomes **, reduced quality of life “,
fatigue ** and diminished strength .

Even during IBD remission, participants observed that
certain symptoms (e.g. abdominal pain, diarrhoea, bloat-
ing, frequency and urgency, nausea and vomiting, heavi-
ness and fatigue) were exacerbated by eating in general,
or by certain food groups, or by spicy or fatty food. At

© 2019 The British Dietetic Association Ltd.



W. Czuber-Dochan et al.

the same time, the presence of these physical symptoms
affected participants’ appetites and made them anxious
about eating. It could be argued that presence of gas-
trointestinal symptoms during remission may indicate the
presence of functional, rather than inflammatory symp-
toms '*?®. However, the aim of the present study was to
explore the perceptions and psychosocial impacts of food,
nutrition, eating and drinking on the lives of people with
IBD, and this was irrespective of whether the experiences
resulted from symptoms that were the result of active dis-
ease, functional gut symptoms, both, or neither. Interest-
ingly,
experiences of eating among eight women with either IBS
(i.e. functional symptoms alone) or IBD. Although few
comparisons were made between the two conditions, sim-
ilar experiences were identified to those reported in the
present study (i.e. healthy eating, trigger foods, dietary

restrictions, control, support from family and friends) ">~
14)

a previous qualitative study investigated the

There are wide ranges of prevalence of functional gut
symptoms reported in IBD, mainly as a result of hetero-
geneity and challenges with respect to defining them %;
however, the pooled prevalence of those satisfying defini-
tions of IBS in IBD was 39% (44% in active, 35% in
remission) ?”). This suggests that over one-third of IBD
patients could be considered for optimising functional
gut symptom management, which may include modifica-
tion of diet, lifestyle, psychological and pharmacological
treatments *®), Dietary approaches to managing func-
tional gut symptoms in IBD include the low FODMAP
diet, which has some supportive evidence from both
uncontrolled ?” and controlled studies **". The term
FODMAP is an acronym for Fermentable Oligo-, Di-,
Monosaccharides And Polyols, comprising short chain
carbohydrates that are poorly absorbed in the small intes-
tine 2. Although improved research on the efficacy of
the low FODMAP diet is required, patients in the present
study frequently reported foods high in fructans (e.g.
onions, garlic) to be associated with abdominal pain,
bloating and diarrhoea and this has been confirmed in
re-challenge studies in IBD . If patients’ complaints of
functional gut symptoms reported during remission are
ignored or not formally evaluated by clinicians, this may
result in a lack of trust between the patient and clinician,
and lead patients to seek information elsewhere and/or
develop adverse behaviours with restrictive diet habits
that may be nutritionally inadequate >2%%373%),

Participants did not link their IBD diagnosis or any
relapses to their diet. However, they were strongly of the
opinion that they could use diet as a means to manage
their symptoms. Similar views are found in the literature,
where diet is reported to influence intestinal inflamma-
tion (e.g. altering the gut microbiome), although with
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scarce evidence that diet alters the natural history of IBD
(7:36-41) "Pood restrictions and exclusions, as well as exper-
imenting with food by trial and error, were reported by
participants as methods frequently used to control their
IBD symptoms. Participants found these methods practi-
cally challenging in terms of shopping, cooking and find-
ing recipes, and this caused many emotional challenges in
terms of them being able to socialise, take part in special
occasions and enjoy food in the same way as before the
IBD diagnosis. Similar issues have been reported in previ-
ous studies %,

Participants talked about having to plan their daily
activities in advance, and constantly needing to think
about what and where to eat, as well as having to con-
sider access to toilets. This constant planning and restric-
tion created stress and anxiety, and contributed to
diminished enjoyment of food and everyday life. Many
participants felt that they had lost control of their lives
and that they were leading more restrictive and limited
lives. Consumption of food and alcohol is at the centre of
many peoples’ social life and the consumption of certain
types of food is often culturally driven. Making changes
to the type of food consumed or avoiding certain foods
and alcohol may contribute to changes in the individual’s
emotions and their enjoyment of food ©“7*?. Patients
decisions regarding food choice may vary depending
upon their primary aim (e.g. symptom control, social
engagement, participation in cultural celebrations, food
enjoyment) and this therefore requires constant planning,
creating at times, internal or external conflicts. Diet and
diet manipulation, such as food avoidance, food restric-
tion and food substitution, were perceived by participants
as a way of controlling their everyday life. Being in con-
trol of their body, IBD symptoms and their life at large
was the ultimate goal, which participants tried to achieve
on a daily basis.

Access to information on IBD and diet was seen as an
important avenue to equip them with knowledge and
achieve better control. However, a lack of reliable sources,
good quality information and limited guidance and sup-
port from health professionals left participants struggling
to find effective management strategies '**>**. Most of
the management strategies reported by participants
related to making restrictions to their diet (identifying
trigger foods by trial and error, food restrictions or
avoidance and its reintroduction) or their private, social
and professional lives, or both. Some of the strategies
were positive (e.g. following healthy and balanced diet,
avoiding certain foods during a flare but returning to
normal diet during remission, taking part in social life),
although many were negative, with extensive food exclu-
sions over a prolonged period of time, leading to frustra-
tion, irritation and a lack of enjoyment of food.
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It is unclear which factors may play a role in develop-
ing positive or negative coping strategies '®*"**) Explor-
ing the factors and having a better understanding of the
adaptation process would help to provide the guidance
and support required to help people with IBD overcome
their physical and emotional food-related problems.
Greater emphasis should be placed on assessing and
addressing food-related quality of life in IBD aiming to
identify the extent and severity of the problem, the
impact on patients’ diet and nutrition and the wider
impact on their life. A food-related quality of life ques-
tionnaire has been specifically developed and validated in
IBD “®. This questionnaire should help to reflect the
impact of IBD on individual’s food-related quality of life,
instigate the provision of help and advice specific to an
individual’s needs and also help to facilitate the process
of acceptance and positive adaptation.

Although there is a wealth of evidence of specific diets
being used in different patients groups, such as nutri-
tional deficiencies, malnutrition and strictures;®>>*7—>"
sources of information for patients helping them to
maintain their healthy and balanced diet during remission
are limited '~ Participants in the present study
were frequently advised by health professionals that there
is no evident link between IBD and diet. This perhaps
relates to the limited evidence for the role of specific
foods in the pathogenesis of IBD onset “®*? and the lack
of effectiveness of diet in the management in UC “7*%,
However, there is a disconnect between health profession-
als’ advice regarding the lack of effect of diet in IBD and
patients’ everyday experiences of eating and drinking with
IBD. This contradictory dynamic between advice from
health professionals and an individual’s own beliefs about
the role of diet in IBD may leave patients feeling that
their food-related concerns are ignored by their clinicians.
Although participants indicated that the advice from
health professionals was often provided by dietitians, the
whole multidisciplinary team, including gastroenterolo-
gists and IBD specialist nurses, should understand the
impact of IBD on eating and drinking with respect to
advising and supporting patients.

Strengths and limitations of the study

The qualitative design of the study ‘gave voice’ to peo-
ple diagnosed with IBD and allowed for an in-depth
exploration of their experience of how IBD is affecting
their perceptions and psychosocial impact of food in
their lives. A benefit of using semi-structured interviews
is that this sets the boundaries of the topic and the
direction of the conversation compared to an unstruc-
tured approach. The limitations of qualitative research
are that it involves a small number of participants and
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the findings relate predominantly to these individuals.
Although the main aim of qualitative research is to
provide an in-depth description of the study partici-
pants experience, it is nevertheless expected that the
findings will be transferable to similar contexts, which,
in this case, comprise participants with similar clinical
and demographic characteristics ©*. Greater effort
needs to be directed towards recruiting participants
from more diverse ethnic and cultural backgrounds.
The use of semi-structured interviews may restrict the
participants to primarily cover the topic set out by the
interview guide, instead of covering all of the aspects
related to their experience. This limitation was partly
off-set by a conversational style and ‘unrestricted’ inter-
view time, allowing the participants to express their
experience and issues of importance to them more
fully.

Conclusions

Food-related quality of life in IBD patients was reported
to be negatively affected across a variety of psychosocial
aspects of life; however, the scale of the problem needs
further exploration. A variety of approaches for altering
diet were used in an attempt to find an optimal way to
function. However, insufficient information or a lack of
support from health professionals resulted in many par-
ticipants feeling trapped into using a trial and error cycle
as a preliminary coping strategy. Patients with IBD need
diet and life style advice that will help them to make pos-
itive adjustments. Currently, there is insufficient evidence
on what that advice should be and hence further research
is recommended to explore patients’ exact needs.

Acknowledgments

We thank all of the participants who took part in the
study and who dedicated their time and shared their
experiences. We also thank Crohn’s and Colitis UK for
funding this research.

Conflict of interests, source of funding and
authorship

WCD has received research funding from Crohn’s and
Colitis UK; MM: none; LDH: none; MCL has received
research funding from Crohn’s and Colitis UK; JOL:
none; KW has received research funding from govern-
ment bodies including the Medical Research Council,
the National Institute of Health Research, charities
including Helmsley Charitable Trust, Kenneth Rainin
Foundation, Crohn’s and Colitis UK, and ForCrohns,

© 2019 The British Dietetic Association Ltd.



W. Czuber-Dochan et al.

as well as from industrial sources including Nestle,
Clasado Biosciences and Almond Board of California.

This work was supported by Crohn’s and Colitis UK
SP2010-1.

KW, JOL, MCL and MM were responsible for the
study conception. KW, JOL, MCL, MM and LDH were
responsible for the study design. LDH was responsible
for data collection. WCD and MM were responsible
for data analysis and interpretation. WCD and KW
were responsible for drafting the manuscript. All
authors approved the final version of the manuscript
submitted for publication.

Transparency declaration

The lead author affirms that this manuscript is an honest,
accurate and transparent account of the study being
reported. The reporting of this work is compliant with
COREQ guidelines. The lead author affirms that no
important aspects of the study have been omitted and
that there were no discrepancies from the study as
planned and the study was approved by the South West
Frenchay National Research Ethics Committee (Ref: 11/
DW/0291).

References

1. Bernstein CN, Fried M, Krabshuis J et al. (2010) World
gastroenterology organization practice guidelines for the
diagnosis and management of IBD in 2010. Inflamm Bowel
Dis 16, 112—-124.

2. Cohen R (2002) The quality of life in patients with
Crohn’s disease. Aliment Pharmacol Ther 16, 1603—-1609.

3. Ghosh S & Mitchell R (2007) Impact of inflammatory
bowel disease on quality of life: results of the European
Federation of Crohn’s and Ulcerative Colitis Associations
(EFCCA) patient survey. ] Crohns Colitis 1, 10-20.

4. Norman K, Kirchner H, Lochs H et al. (2006)
Malnutrition affects quality of life in gastroenterology
patients. World ] Gastroenterol 12, 3380-3385.

5. Day A, Whitten K, Sidler M et al. (2008) Systematic
review: nutritional therapy in paediatric Crohn’s disease.
Aliment Pharmacol Ther 27, 293-307.

6. Hartman C, Eliakim R & Shamir R (2009) Nutritional
status and nutritional therapy in inflammatory bowel
diseases. World | Gastroenterol 15, 2570-2578.

7. Lewis JD & Abreu MT (2017) Diet as a trigger or therapy
for inflammatory bowel diseases. Gastroenterology 152,
398—414.

8. Prince A, Moosa A, Whelan K et al. (2010) Nutrition
problems and research priorities of patients with Crohn’s
disease and ulcerative colitis. ] Hum Nutr Diet 23, 460—
461.

© 2019 The British Dietetic Association Ltd.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Psychosocial impact of food in IBD

. Lomer M, Hart A, Verjee A et al. (2017) What are the

dietary treatment research priorities for inflammatory
bowel disease? A short report based on a priority setting
partnership with the James Lind Alliance. ] Hum Nutr Diet
30, 709-713.

Gustafsson U & Draper A (2009) The social aspects of
food and nutrition. J] Hum Nutr Diet 22, 87—88.

Coveney ] (1999) Food, Morals and Meaning: The Pleasures
and Anxiety of Eating. London: Routledge.

Fletcher PC & Schneider MA (2006) Is there any food i
can eat?: Living with inflammatory bowel disease and/or
irritable bowel syndrome. Clin Nurse Spec 20, 241-247.
Jamieson AE, Fletcher PC & Schneider MA (2007) Seeking
control through the determination of diet: a qualitative
investigation of women with irritable bowel syndrome and
inflammatory bowel disease. Clin Nurse Spec 21, 152—160.
Fletcher PC, Jamieson AE, Schneider MA et al. (2008) “I
know this is bad for me, but ...”: a qualitative
investigation of women with irritable bowel syndrome and
inflammatory bowel disease: Part II. Clin Nurse Spec 22,
184-191.

Jones R, Hunt C, Stevens R et al. (2009) Management of
common gastrointestinal disorders: quality criteria based
on patients’ views and practice guidelines. Br | Gen Pract
59, €199—-€208.

UK Inflammatory Bowel Disease Audit Steering Group.
(2009). UK IBD Audit 2008 (Executive Summary). London:
Royal College of Physicians.

Moosa A, Prince A, Reidlinger D et al. (2010) Patients and
dietitians report variable access to quality written dietary
information regarding inflammatory bowel disease. ] Hum
Nutr Diet 23, 456-457.

Palant A, Koschack J, Rassmann S et al. (2015) “And then
you start to loose it because you think about Nutella”: the
significance of food for people with inflammatory bowel
disease — a qualitative study. BMC Gastroenterol 15, 93.
Colaizzi P (1978) Psychological research as a
phenomenology views it. In: Existential Phenomenological
Alternatives for Psychology. pp. 48—71 [Valle R & King M,
editors]. New York, NY: New York University Press.
Prince A, Whelan K, Moosa A et al. (2011) Nutritional
problems in inflammatory bowel disease: the patient
perspective. J Crohns Colitis 5, 443—450.

Goh ] & O’morain C (2003) Nutrition and adult
inflammatory bowel disease. Aliment Pharmacol Ther 17,
307-320.

Lomer MC (2011) Dietary and nutritional considerations
for inflammatory bowel disease. Proc Nutr Soc 70, 329—
335.

White JV, Guenter P, Jensen G et al. (2012) Consensus
statement of the academy of nutrition and dietetics/
american society for parenteral and enteral nutrition:
characteristics recommended for the identification and
documentation of adult malnutrition (undernutrition). J
Acad Nutr Diet 112, 730-738.

125



Psychosocial impact of food in IBD

24. Hengstermann S, Valentini L, Buening C et al. (2006)
Malnutrition in quiescent inflammatory bowel diseases
cannot be diagnosed with standard tools. Gastroenterology
130, A217-A218.

25. Valentini L, Schaper L, Buning C et al. (2008)
Malnutrition and impaired muscle strength in patients
with Crohn’s disease and ulcerative colitis in remission.
Nutrition 24, 694-702.

26. Teruel C, Garrido E & Mesonero F (2016) Diagnosis and
management of functional symptoms in inflammatory
bowel disease in remission. World ] Gastrointest Pharmacol
Ther 7, 78-90.

27. Halpin SJ & Ford AC (2012) Prevalence of symptoms
meeting criteria for irritable bowel syndrome in
inflammatory bowel disease: systematic review and meta-
analysis. Am ] Gastroenterol 107, 1474—1482.

28. Major G & Spiller R (2014) Irritable bowel syndrome,
inflammatory bowel disease and the microbiome. Curr
Opin Endocrinol Diabetes Obes 21, 15-21.

29. Pedersen N, Andersen NN, Végh Z et al. (2014) Ehealth:
low FODMAP diet vs lactobacillus rhamnosus gg in
irritable bowel syndrome. World ] Gastroenterol 20, 16215~
16226.

30. Cox SR, Prince AC, Myers CE et al. (2017) Fermentable
carbohydrates [FODMAPS] exacerbate functional
gastrointestinal symptoms in patients with inflammatory
bowel disease: a randomised, double-blind, placebo-
controlled, cross-over, re-challenge trial. ] Crohns Colitis
11, 1420-1429.

31. Cox SR, Stagg AJ, Fromentin S et al. (2018) Low
FODMAP Diet Improves Functional-Like Gastrointestinal
Symptoms but Reduces Bifidobacteria and Faecalibacterium
Prausnitzii in Quiescent Inflammatory Bowel Disease: A
Randomised Controlled Trial and Metagenomic Analysis.
Vienna: European Crohn’s and Colitis Organisation.

32. Whelan K, Martin LD, Staudacher HM et al. (2018) The
low FODMAP diet in the management of irritable bowel
syndrome: an evidence-based review of FODMAP
restriction, reintroduction and personalisation in clinical
practice. ] Hum Nutr Diet 31, 239-255.

33. Haskey N & Gibson DL (2017) An examination of diet for
the maintenance of remission in inflammatory bowel
disease. Nutrients 9, 259.

34. Staudacher HM, Kurien M & Whelan K (2018)
Nutritional implications of dietary interventions for
managing gastrointestinal disorders. Curr Opin
Gastroenterol 34, 105-111.

35. Tomar SK, Kedia S, Upadhyay AD et al. (2017) Impact of
dietary beliefs and practices on patients with inflammatory
bowel disease: an observational study from India. JGH
Open 1, 15-21.

36. Cabré E & Domeénech E (2012) Impact of environmental
and dietary factors on the course of inflammatory bowel
disease. World J Gastroenterol 18, 3814-3822.

126

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

W. Czuber-Dochan et al.

Zallot C, Quilliot D, Chevaux J-B et al. (2012) Dietary
beliefs and behavior among inflammatory bowel disease
patients. Inflamm Bowel Dis 18, 2232-2239.

Hou JK, Lee D & Lewis J (2014) Diet and inflammatory
bowel disease: review of patient-targeted
recommendations. Clin Gastroenterol Hepatol 12, 1592—
1600.

Uranga JA, Lopez-Miranda V, Lombo F et al. (2016)
Food, nutrients and nutraceuticals affecting the course of
inflammatory bowel disease. Pharmacol Rep 68, 816-826.
Cohen AB, Lee D, Long MD et al. (2013) Dietary patterns
and self-reported associations of diet with symptoms of
inflammatory bowel disease. Dig Dis Sci 58, 1322—1328.
Limdi JK, Aggarwal D & McLaughlin JT (2016) Dietary
practices and beliefs in patients with inflammatory bowel
disease. Inflamm Bowel Dis 22, 164—170.

Lindsay J (2010) Healthy living guidelines and the
disconnect with everyday life. Critical Public Health 20,
475-487.

Prince AC, Moosa A, Lomer MC et al. (2015) Variable
access to quality nutrition information regarding
inflammatory bowel disease: a survey of patients and
health professionals and objective examination of written
information. Health Expect 18, 2501-2512.

Holt D, Strauss B & Moore G (2017) Patients with
inflammatory bowel disease and their treating clinicians
have different views regarding diet. ] Hum Nutr Diet 30,
66—72.

Livneh H (2001) Psychosocial adaptation to chronic illness
and disability a conceptual framework. Rehabil Couns Bull
44, 151-160.

Hughes LD, King L, Morgan M et al. (2015) Food-related
quality of life in inflammatory bowel disease: development
and validation of a questionnaire. ] Crohns Colitis 10, 194—
201.

Rajendran N & Kumar D (2010) Role of diet in the
management of inflammatory bowel disease. World J
Gastroenterol 16, 1442—1448.

Scholz D (2011) The role of nutrition in the etiology of
inflammatory bowel disease. Curr Probl Pediatr Adolesc
Health Care 41, 248-253.

Lee D, Albenberg L, Compher C et al. (2015) Diet in the
pathogenesis and treatment of inflammatory bowel
diseases. Gastroenterology 148, 1087-1106.

Owczarek D, Rodacki T, Domagata-Rodacka R et al.
(2016) Diet and nutritional factors in inflammatory bowel
diseases. World ] Gastroenterol 22, 895-905.

Zhou Y, Ma X & Chen Y (2014) Dietary practices of
Chinese patients with inflammatory bowel disease: a
naturalistic inquiry. Gastroenterol Nurs 37, 60—69.
Vagianos K, Clara I, Carr R et al. (2016) What are adults
with inflammatory bowel disease (IBD) eating? A closer
look at the dietary habits of a population-based Canadian
IBD cohort. J Parenter Enteral Nutr 40, 405—411.

© 2019 The British Dietetic Association Ltd.



W. Czuber-Dochan et al. Psychosocial impact of food in IBD

53. Opstelten JL, de Vries JH, Wools A et al. (2018) Dietary 54. Jowett S, Seal C, Pearce M et al. (2004) Influence of
intake of patients with inflammatory bowel disease: a dietary factors on the clinical course of ulcerative colitis: a
comparison with individuals from a general population prospective cohort study. Gut 53, 1479-1484.
and associations with relapse. Clin Nutr, in press. https:// 55. Malterud K (2001) Qualitative research: standards,
doi.org/10.1016/j.cInu.2018.06.983 challenges, and guidelines. Lancet 358, 483—488.

© 2019 The British Dietetic Association Ltd. 127


https://doi.org/10.1016/j.clnu.2018.06.983
https://doi.org/10.1016/j.clnu.2018.06.983

Thed A&sOCTAEGN
af UK Distitans

THE OFFICIAL JOURNAL OF

THE BRITISH DIETETIC ASSOCIATION

Journal of -
Human Nutrition
and Dietetics

Journal of Human Nutrition and Dietetics

INFLAMMATORY DISORDERS

Metabolic syndrome and its association with the Dietary
Inflammatory Index (DII)® in a Croatian working population

G. Kendel Jovanovic,’

S. Pavicic Zezelj," S. Klobucar Majanovi¢,? I. Mrakovcic-Sutic® & I. Sutic¢*

'Department of Health Ecology, Teaching Institute of Public Health of Primorsko-Goranska County, Rijeka, Croatia
’Department of Endocrinology, Diabetes and Metabolic Diseases, Clinical Hospital Centre Rijeka, Rijeka, Croatia
3Department of Physiology, Immunology and Pathophysiology, Faculty of Medicine, University of Rijeka, Rijeka, Croatia
“Department of Family Medicine, Faculty of Medicine, University of Rijeka, Rijeka, Croatia

Keywords
Croatia, diet, Dietary Inflammatory Index (DI)®,
metabolic syndrome, working population.

Correspondence

G. Kendel Jovanovi¢, Department of Health
Ecology, Teaching Institute of Public Health of
Primorsko-Goranska County, Kresimirova 52a,
51000 Rijeka, Croatia.

Tel.: +358 51 358 751

Fax: +385 51 358 753

E-mail: gordana.kendel-jovanovic@zzjzpgz.hr

How to cite this article

Kendel Jovanovi¢ G., Pavici¢ ZeZelj S., Klobucar
Majanovic S., Mrakovcic-Sutic I., Suti¢ I. (2020)
Metabolic syndrome and its association with the
Dietary Inflammatory Index (DIl)® in a Croatian
working population. J Hum Nutr Diet. 33, 128—
137

https://doi.org/10.1111/jhn.12695

Introduction

A multifactorial condition known as the metabolic syn-
drome (MetS) is a global public health concern as a
result of its associated risk of cardiovascular disease
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Abstract

Background: Metabolic syndrome (MetS) is a global public health concern,
although its association with the inflammatory potential of the diet is still
indefinite. The main objective of the present study was to investigate the
association of MetS and its components with the inflammatory potential of
the diet in a Croatian working population with sedentary occupations.
Methods: In a cross-sectional study, Croatian workers (n = 366) self-admin-
istrated questionnaires for sociodemographic and health-related data. Their
anthropometric measurements and fasting blood samples were collected for
evaluation of MetS. The inflammatory potential of the diet was assessed
with a Dietary Inflammatory Index (DII)®, scored using dietary data col-
lected from a food frequency questionnaire. Multivariable logistic regression
analysis, adjusted for sex, age, body mass index, education, smoking, physi-
cal activity and energy intake, was used to establish the association between
DII and MetS.

Results: MetS prevalence was 25% and was significantly associated with a
pro-inflammatory diet [mean (SD) 3.28 (1.45); P < 0.01]. The pro-inflam-
matory diet was statistically associated with women, university degree, mod-
erate physical activity, snacking between meals, central obesity,
hypertriglyceridaemia, hypertension, low high-density lipoprotein-choles-
terol, MetS prevalence and lower adherence to a Mediterranean diet. Multi-
variable logistic regression analysis showed a statistically positive association
for a one-unit increase in the DII and MetS prevalence (odds ratio = 2.31;
95% confidence interval = 1.61-3.31; P < 0.01) and hypertension (odds
ratio = 1.28; 95% confidence interval = 1.01-1.64; P = 0.04).

Conclusions: Further longitudinal studies in different parts of Croatia,
including inflammation biomarkers, are needed to enable a more defined
view of the inflammatory potential of a diet and its association with various
inflammatory-based health conditions. The results obtained in the present
study indicate the need for the development of anti-inflammatory dietary
interventions for population health protection.

(CVD), type 2 diabetes, non-alcoholic fatty liver disease
and other diseases ). Obesity is associated with an

inflammation process that can be a precursor for meta-

(1,2) )

bolic disease **’, whereas chronic low-grade inflammation
may have a great influence on developing MetS . The
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most studied dietary pattern in relation to MetS and
other diseases is the Mediterranean diet (MD). The MD
could decrease inflammation because of its high content
of polyphenols, as a result of their high presence in fruits,
extra-virgin olive oil, red wine and nuts . To estimate
the inflammatory potential of an individual’s diet, the
Dietary Inflammatory Index (DII)® ) was developed and
validated ® as a scoring algorithm of 45 food parameters.
The DII was shown to be a valuable tool for assessing a
diet’s inflammatory potential. It was investigated in asso-
ciation with MetS, although the results obtained are still
not definitive “'®. A recent meta-analysis of DII associa-
tion with the risk of CVD, MetS and mortality revealed
that the most pro-inflammatory versus the most anti-in-
flammatory diet showed no association with an increased
risk of MetS "?. It was assumed that this could be the
result of a small number of studies dealing with that asso-
ciation, as well as the different study designs, dietary
assessment tools and participant characteristics. The need
for further cohort studies in different populations was
emphasised to explain that association '*. A prospective
French study " and recent cross-sectional Korean ')
and Irish "® studies found a pro-inflammatory diet to be
associated with MetS prevalence, whereas other similar
studies #'*1271%1017) did not report any association.
However, DII was related to MetS or its components in
five studies '*'*'#2%2Y  Among the Croatian population,
MetS investigations are sparse, mostly having been con-
ducted among populations in the Adriatic Islands 2%,
There is only one study indicating an association with the
diet ?®, which showed a departure from the traditional
MD, and a significant association of high meat, alcohol
and fish consumption with MetS. The traditional MD
departure was also noted among younger southern Croa-
tia inhabitants *”). The Croatian Adult Health Survey
showed that one-quarter of Croatians had an unhealthy
diet, mostly men *®. The prevalence of MetS in Croatia
varies between 25% and 39% ****°) reaching 47% on
the isolated Adriatic island of Vis **. The main objective
of the present study was to investigate the association of
MetS and its components with the inflammatory potential
of the diet in Croatian working population with sedentary
occupations.

Materials and methods

Study population

Overall, 366 workers with sedentary type occupations, out
of 547 employees at the oil and gas company from the city
of Rijeka on the Croatian northern coast of the Adriatic
Sea, participated in the present cross-sectional study. They
agreed to participate in a survey named ‘Determination of
Vitamin D: importance in the prevention of osteoporosis,
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cardiovascular diseases, type II diabetes, autoimmune dis-
eases and cancer’, as organised by the Teaching Institute
of Public Health of Primorsko-Goranska County, in
December 2014, during their regular health examinations
as a part of workplace wellness programme. Based on pro-
vided survey results, the participants were referred to see a
dietician and health specialist.

Data collection

Trained nutritionists interviewed participants with the
questionnaire on sociodemographics, which included
information about age, sex, education, physical activity,
smoking, leisure lifestyle and particular dietary habits
(snacking between meals, adding salt/sugar to meals and
beverages). The anthropometric measurements were taken
using an electronic scale (BC-544; Tanita, Tokyo, Japan).
The waist circumference (WC) measurement of each par-
ticipant was measured to the nearest 0.1 cm with non-
elastic tape. Blood pressure was measured on right arm
after 10 min of rest with an automatic monitor (HEM
705 CP; Omron Healthcare Co., Kyoto, Japan). Blood
samples were collected in the morning by an experienced
nurse after at least 12 h of fasting and were analysed
within 1 day of collection. Fasting plasma glucose, triglyc-
erides, total cholesterol and cholesterol linked to high-
density lipoproteins (HDL-C) were analysed enzymatically
(31-33) with an automatic analyser (model 7600; Hitachi,
Tokyo, Japan). The fraction of cholesterol linked to low-
density lipoproteins (LDL-C) was calculated using the
Friedewald equation ©*.

Definition of the metabolic syndrome

The definition of MetS as declared by the International
Diabetes Federation Task Force on Epidemiology and
Prevention " was used for MetS diagnosis, comprising
the presence of three or more of the components:
WC >94 cm for men or >80 cm for women; fasting glu-
cose >5.6 mmol L™'; HDL-C <1.0 mmol L™ in men and
<1.3 mmol L™' in women; triglycerides >1.7 mmol L™
and Dblood pressure >130 mmHg for systolic or

>85 mmHg for diastolic pressure.

Dietary intake assessment

Dietary intakes were assessed with use of validated 97-
item food frequency questionnaire for Mediterranean
diet-based populations ®*, which was adapted and used
for diet evaluation of Croatian student ®® and women
population 7). With the assistance of a registered nutri-
tionist, participants noted their usual consumption fre-
quency of offered foods over the last year, considering
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seasonal variations, in offered choices from ‘never’ to
‘more than three times a day’. The serving sizes of each
offered food were specified as small, medium and large,
and were supported with photos. The Croatian food com-
position database *® and United States Department of
Agriculture (USDA) Database for the Flavonoid Content
9 were used to calculate energy and nutrient intakes.
For study purposes, the Mediterranean diet score (MDS)
was used to assess the adherence to the MD. The scoring
algorithm has been described elsewhere “”’. Good adher-
ence to the MD is defined as a score of 6 or higher, mod-
erate adherence as a score between 4 and 5, and low
adherence as a score of 3 or lower.

Dietary Inflammatory Index (DII)® calculation

The inflammatory potential of each participant’s diet was
calculated using the DII that was designed and developed
by Shivappa et al. 7. The dietary data of each participant
was first linked to the global means and SD of the food
and nutrients intakes from 11 nations 7 to calculate Z-
scores. These were later converted to a percentile and
centred to minimise the ‘right skew’ by doubling the
value and subtracting 1. The provided percentile score of
each food parameter was then multiplied by respective
inflammatory effect score to provide the food parameter-
specific DII score 7). The overall DII score for each study
participant was calculated as a sum of 37 food parameter-
specific DII scores of a possible 45 parameters ”. The
calculated 37 food parameters included nine pro-inflam-
matory components (energy, carbohydrates, protein, total
fat, saturated fatty acids, trans fat, cholesterol, iron and
vitamin Bj,) and 28 anti-inflammatory components (mo-
nounsaturated fatty acids, polyunsaturated fatty acids, n-3
fatty acids, n-6 fatty acids, fibre, alcohol, vitamins A, D,
E, C and Bg, P-carotene, thiamine, riboflavin, niacin, folic
acid, magnesium, selenium, zinc, flavan-3-ol, flavones,
flavonols, flavonones, anthocyanidins, caffeine, garlic,
onion and pepper). Positive values of the DII score were
considered as a pro-inflammatory diet, whereas negative
values were considered as an anti-inflammatory diet .

Ethical approval

The present study was approved by the Teaching Institute
of Public Health of Primorsko-Goranska County for serum
vitamin D survey and health and all participants provided
their written consent with respect to participation.

Statistical analysis
The data analysis software system STATISTICA, Version 13

(TIBCO Software Inc., Palo Alto, CA, USA, 2017) was
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used for all of the statistical analyses. The Kolmogorov—
Smirnov normality test was performed prior to associa-
tion analysis. Continuous variables are presented as the
median and interquartile range, whereas categorical vari-
ables are presented as frequencies and percentages. The
differences were estimated using Mann—Whitney U,
Kruskal-Wallis or chi-squared tests depending on the
type of variable. The DII scores provided were divided
into quartiles: first quartile (n =90; DIl = —2.94 to
0.67), second quartile (n =90; DII = 0.86-2.56), third
quartile (n = 93; DII = 2.58-3.59) and fourth quartile
(n = 93; DII = 3.65-5.30). Variables associated with MetS
were selected to be included in a linear regression model
to determine the influence of independent variable: the
DII. Univariate logistic regression was performed to spec-
ify the odds ratios (ORs) and 95% confidence intervals
(CIs) for MetS and its components. The multivariable-ad-
justed model included sex, age, body mass index (BMI),
education, smoking, physical activity and energy intake as
potential confounders. P < 0.05 (two-tailed) was consid-
ered statistically significant.

Results

Among the study participants, there were slightly more
women (Table 1), as well as a high proportion of partici-
pants who were younger than 40 years, had a university
degree, were non-smokers, were moderately physically
active, snacked between meals and had a diet that did not
adhere to the MD (P < 0.01, respectively). The partici-
pants were significantly overweight, with elevated WC,
total cholesterol and LDL-C levels, although with normal
levels of HDL-C, triglycerides and blood pressure
(P < 0.01, respectively) (Table 2). MetS was present in
24.6% of the participants (P < 0.01) and was significantly
associated with a higher education, non-smoking, physical
activity, snacking between meals, low adherence to MD,
being overweight, elevated WC, serum glucose, total
cholesterol LDL-C, triglycerides, hypertension and
reduced HDL-C (P < 0.01, respectively).

The DII ranged from —2.92 to 5.30, with a mean of
2.17. Lower (i.e. more anti-inflammatory) DII values were
significantly associated with higher physical activity
(P < 0.01), not snacking between meals (P < 0.01), better
adherence to MD (P < 0.01) (Table 1), normal BMI
(P =10.03) and WC (P < 0.01), normal values of total
cholesterol (P = 0.01), LDL-C (P = 0.01), triglycerides
(P < 0.01) and blood pressure (P < 0.01), and not having
MetS (P < 0.01) (Table 2). The most pro-inflammatory
diet (fourth quartile) was statistically associated with
women (P < 0.01), university degree (P < 0.01), moder-
ate physical activity (P < 0.01), snacking between meals
(P < 0.01), elevated WC (P = 0.01), elevated triglycerides

© 2019 The British Dietetic Association Ltd.
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Table 1 The Dietary Inflammatory Index® (DII) values and metabolic syndrome (MetS) prevalence according to socio-demographic and lifestyle

characteristics of participants

Characteristics n (%) DII* P-value** MetS n (%) P-value*#**
Sex
Men 177 (48.4) 2.39 (1.87) 0.11 54 (60.0) 0.06
Women 189 (51.6) 1.96 (2.03) 36 (40.0)
Age (years)
<40 years 234 (63.9) 1.98 (2.10) 0.10 42 (46.7) 0.53
>40 years 132 (36.1) 2.26 (1.89) 48 (53.3)
Education level
University 306 (83.6) 2.09 (2.04) 0.38 75 (83.3) <0.071%#**
College 39 (9.8) 2.45 (1.55) 0 (0.0)
High school 21 (5.7) 2.75 (1.39) 15 (16.7)
Smoking status
Non-smoker 183 (50.0) 2.09 (1.84) 0.37 42 (46.7) 0.07%**
Former 75 (20.5) 2.34 (2.50) 33 (36.6)
Current 108 (29.5) 2.18 (1.75) 15 (16.7)
Physical activity level
Low 105 (28.7) 3.10 (1.61) <0.071%** 39 (43.3) <0.07***
Moderate 183 (50.0) 2.02 (1.99) 48 (53.3)
High 78 (21.3) 1.26 (1.81) 3(3.4)
Adds sugar/salt to food/drinks
Yes 177 (48.4) 2.02 (2.07) 0.27 36 (40.0) 0.06
No 189 (51.6) 2.30(1.85) 54 (60.0)
Snacking between meals
Yes 309 (84.4) 2.56 (1.73) <0.071%* 90 (100.0) <0.071%**
No 57 (15.6) 0.03 (1.78) 0 (0.0)
Mediterranean diet score
Low (0-3) 150 (41.0) 3.71 (0.90) <0.071%** 78 (86.6) <0.07***
Moderate (4-5) 144 (39.3) 1.56 (1.53) 6 (6.7)
High (6-9) 72 (19.7) 0.15 (1.86) 6 (6.7)

*The values are reported as the median (interquartile range).

**Continuous variables analysed with the Mann-Whitney or Kruskal-Wallis test; P < 0.01.

**kCategorical variables analysed by chi-squared analysis; P < 0.05.

(P = 0.01), elevated blood pressure (P < 0.01), low HDL-
C (P =0.01), having MetS (P < 0.01) and lower adher-
ence to MD (P < 0.01) (Table 3).

The mean daily intakes of food parameters, used for the
calculation of DII, are presented in Table 3. Participants in
the first quartile, classified as the most anti-inflammatory
group, had the highest MDS score (P < 0.01) and con-
sumed almost all of the pro- and anti-inflammatory food
components in higher amounts compared to the other par-
ticipants distributed in the other quartiles, except for trans-
fat and caffeine, which were consumed in higher amounts
by third and fourth quartile participants.

As shown the Table 4, the results of the odds ratio of
MetS and its components were evaluated for a one-unit
increase in the DII because the majority of participants
(85.2%) had a diet with pro-inflammatory potential (DII
higher than 0) and some of them grouped in the first quar-
tile (the most anti-inflammatory diet). Multivariable logis-
tic regression analysis showed a statistically positive
association for a one-unit increase in the DII and MetS

© 2019 The British Dietetic Association Ltd.

prevalence (OR = 2.31;95% CI = 1.61-3.31; P < 0.01) and
hypertension (OR = 1.28; 95% CI = 1.01-1.64; P = 0.04).

Discussion

The present study showed a MetS prevalence of 25%, in
accordance with previous Croatian population MetS stud-
ies (2272029300 MetS associations were in line with Croatian
studies #7222 for smoking, physical activity, being
overweight, hyperglycaemia, hyperlipidaemia, hypercholes-
terolemia and hypertension, despite those studies mostly
having been conducted among subjects older than 40 years
whereas our participant were mostly younger than
40 years. We noted a higher prevalence of MetS among
physically active participants, which can be explained as an
attempt by the participants with diagnosed MetS or a MetS
component to overcome any adverse effects by being more
physically active. In comparison with studies dealing with
association of MetS and DII (1113718 \ets prevalence
was similar to a Korean study *, higher than a Brazilian
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Table 2 The Dietary Inflammatory Index® (DIl) and metabolic syndrome (MetS) prevalence according to anthropometric and cardiovascular

characteristics of participants

Characteristics n (%) DIt P-value* MetS n (%) P-value**

Body mass index
Normal 165 (45.1) 1.85 (2.08) 0.03* 15 (16.7) <0.071**
Overweight 189 (51.6) 2.45 (1.88) 63 (70.0)
Obese 12 (3.3) 2.05 (0.80) 12 (13.3)

Wiaist circumference
Normal 138 (37.7) 1.91 (2.00) <0.01* 21 (23.3) <0.071%**
Elevated 228 (62.3) 2.82 (1.53) 69 (76.7)

Serum glucose
Normal 174 (47.5) 2.05 (2.01) 0.52 0 (0.0) <0.01**
Elevated 192 (52.5) 2.27 (1.91) 90 (100.0)

Total cholesterol
Normal 117 (32.0) 1.61 (1.89) <0.01* 9 (10.0) <0.01%**
Elevated 249 (68.0) 2.43 (1.94) 81 (90.0)

High-density lipoprotein-cholesterol
Normal 351 (95.9) 2.04 (1.99) 0.35 87 (96.7) <0.01%*
Reduced 15 (4.1) 2.17 (0.99) 3(3.3)

Low-density lipoprotein-cholesterol
Normal 138 (37.7) 1.75 (1.79) 0.01* 15 (16.7) <0.071**
Elevated 228 (62.3) 2.42 (2.02) 75 (83.3)

Triglycerides
Normal 270 (73.8) 1.94 (1.93) <0.01* 36 (40.0 <0.01**
Elevated 96 (26.2) 2.80 (1.92) 54 (60.0

Blood pressure
Normal 243 (66.4) 1.89 (1.99) <0.01* 9 (10.0) <0.071**
Hypertension 123 (33.6) 2.71 (1.80) 81 (90.0)

Metabolic syndrome
No 276 (75.4) 1.80 (1.97) <0.01* 0 (0.0) <0.071%**
Yes 90 (24.6) 3.28 (1.45) 90 (100.0)

The values are reported as the median (interquartile range).

*Continuous variables analysed with the Mann-Whitney or Kruskal-Wallis test; P < 0.01.

**Categorical variables analysed by chi-squared analysis; P < 0.05.

U7) " and lower than Luxemburg *, Poland “'* and

(14)

study
Lebanon ** studies. Our study found a significant associa-
tion of MetS with DII, which is comparable with the
French prospective study '), the cross-sectional Korean
study > and Irish "® studies, as well as with a Columbian
cohort study on overweight sedentary subjects “',
although the researchers used MetScore for diagnosing
MetS, as well as different statistical analyses. Indeed, the
present study revealed that those who had the most pro-in-
flammatory diet had a two-fold higher chance to have
MetS, which is higher than in the previously mentioned
studies 1118 A possible explanation of this association
could be that high proportion of our participants had a diet
with pro-inflammatory potential and one-third of them
had MetS. Although some MetS-DII studies '*'"'*'7) did
not find a significant association of Mets with DII, the asso-
ciations were found for MetS components, lower HDL-C
levels ”, glucose intolerance ' and greater blood pressure
(13,1621 " \vhich is similar to our results for hypertension.
Most of our participants were younger than 40 years with a
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mostly pro-inflammatory potential of the diet, which is
similar to the Luxembourg * and Brazilian ' studies.

Our study showed that low adherence to the MD was
associated with a significantly higher prevalence of MetS,
and confirmed a diminishing adherence to the traditional
MD among Croatians “**”), The significantly higher con-
sumption of almost all pro-inflammatory food compo-
nents, except trans-fat, by participants in the first quartile
(most anti-inflammatory) is probably because 85.2% of
study participants had a DII higher than 0 (i.e. indicating
a pro-inflammatory diet). The consumption of pro-in-
flammatory food components, mostly originated from
animal-origin food with an abundance of proteins, satu-
rated fats and cholesterol. Those results are in line with
the prevously mentioned Croatian studies *®*”)
ever, first quartile participants also consumed significantly
higher amounts of anti-inflammatory food components

. How-

compared to the others.
Recent meta-analyses studies have observed a consider-
able association between the DII and the risk for CVD

© 2019 The British Dietetic Association Ltd.
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Table 3 Characteristics and food parameters daily intake of participants according to Dietary Inflammatory Index®

MetS and DII® association in Croatians

(DIl) quartiles

DIl quartiles’

Characteristics First (n = 90) Second (n = 90) Third (n = 93) Fourth (n = 93) P-value*
Men 30 (33.3) 51 (56.7) 60 (64.5) 36 (38.7) <0.01*
Age <40 years 57 (63.3) 57 (63.3) 60 (64.5) 69 (74.2) 0.33
Education level

University 81 (90.0) 69 (76.7) 72 (77.4) 84 (90.3) <0.01*

College 3(3.3) 21(23.3) 12 (12.9) 3(3.2)

High school 6 (6.7) (0.0) 9(9.7) 6 (6.5)
Smoking status

Non-smoker 45 (50.0) 48 (53.3) 45 (48.4) 45 (48.4) 0.12

Former 18 (20.0) 9 (10.01) 24 (25.8) 24 (25.8)

Current 27 (30.0) 33 (36.7) 24 (25.8) 24 (25.8)
Physical activity level

Low 12 (13.3) 5(16.7) 45 (48.4) 33 (35.5) <0.01*

Moderate 45 (50.0) 5 (50.0) 42 (45.2) 51 (54.8)

High (36.7) 0(33.3) 6 (6.4) 9 9.7)
Adds sugar/salt to food/drinks 51 (56.7) 2 (46.7) 39 (41.9) 5 (48.4) 0.25
Snacking between meals 48 (53.3) 4 (93.3) 84 (90.3) 3 (100.0) <0.01*
Elevated waist circumference 18 (20.0) 8 (20.0) 33 (35.5) 3 (35.5) 0.01*
Elevated fasting glucose 45 (50.0) 2 (46.7) 60 (64.5) 5 (48.4) 0.06
Low high-density lipoprotein-cholesterol 0 (0.0) 6 (6.7) 9(9.7) 0 (0.0) 0.01%*
Elevated triglycerides 18 (20.0) 9(10.0) 36 (38.7) 3 (35.5) 0.01*
Elevated blood pressure 27 (30.0) 9 (10.0) 54 (58.1) 3 (35.5) <0.01*
Metabolic syndrome 9 (10.0) 9 (10.0) 36 (38.7) 6 (38.7) <0.01*
Mediterranean diet score 6.00 (3.00) 5.00 (4.00) 3.00 (5.00) 2. OO (3.00) <0.01*
Energy (MJ) 10.18 (6.82) 9.28 (5.61) 8.47 (7.85) 7.27 (5.69) 0.01*
Proteins (g) 104.07 (84.44) 91.74 (59.38) 87.12 (78.17) 64.91 (72.88) 0.01*
Total fat (g) 100.97 (71.68) 86.79 (63.00) 79.99 (83.82) 65.64 (59.19) 0.01*
Saturated fat (g) 38.24 (46.53) 37.81 (30.81) 34.03 (57.03) 30.34 (27.91) <0.01*
MUFA (g) 49.40 (60.87) 36.64 (27.44) 30.45 (33.22) 26.90 (21.83) 0.01*
PUFA (g) 17.98 (20.51) 12.58 (14.95) 10.50 (12.99) 8.29 (10.39) 0.01*
Omega-3 (g) 1.20 (0.59) 1.09 (0.24) 0.89 (0.27) 0.94 (0.26) <0.01*
Omega-6 (g) 11.60 (4.58) 11.60 (3.58) 10.01 (3.15) 10.48 (4.76) 0.03*
Trans fat (g) 1.65 (1.64) 1.85 (2.20) 1.84 (3.30) 1.86 (2.75) 0.66
Cholesterol (mg) 444.61 (528.18) 431.38 (372.45) 361.41 (505.34) 305.41 (344.89) <0.01*
Carbohydrates (g) 243.82 (226.35) 206.21 (158.05) 199.32 (198.26) 208.71 (151.77) 0.01*
Fibre (g) 22.71 (17.20) 16.86 (10.85) 12.22 (12.49) 8.43 (11.90) 0.01*
Thiamine (mg) 2.71 (2.24) 1.81(1.42) 1.61(2.39) 1.71(2.24) 0.01*
Riboflavin (mg) 2.88 (2.23) 1.92 (1.54) 1.90 (3.78) 1.76 (2.36) <0.01*
Niacin (mg) 18.31 (13.77) 14.25 (4.32) 14.23 (4.11) 10.72 (18.17) 0.01*
Pyridoxine (mg) 1.45 (0.69) 1.33 (1.23) 1.24 (1.66) 1.18 (0.47) 0.01*
Folic acid (mg) 287.55 (277.87) 201.24 (109.40) 150.84 (162.52) 126.63 (40.43) 0.01*
Vitamin B1, (ug) 2.04 (1.28) 1.81(1.43) 1.79 (1.85) 1.83 (1.17) <0.01*
Vitamin A (mg) 455.14 (332.14) 378.72 (351.04) 353.74 (347.99) 313.60 (323.64) <0.01*
Vitamin C (mg) 126.45 (104.78) 84.88 (134.87) 64.35 (123.09) 39.22 (57.87) 0.01*
Vitamin D (ug) 9.90 (21.21) 8.69 (12.12) 7.30 (10.54) 5.66 (12.08) <0.01*
Vitamin E (mg) 6.69 (4.29) 5.32 (5.40) 5.31(3.12) 4.71 (3.57) 0.01*
Magnesium (mg) 304.31 (132.44) 256.35 (180.73) 251.97 (175.31) 204.66 (134.11) 0.01*
Iron (mg) 15.63 (13.11) 12.14 (13.86) 11.28 (12.79) 9.05 (12.72) 0.01*
Zinc (mg) 14.96 (12.89) 12.58 (8.72) 11.80 (15.36) 9.12 (11.96) 0.01*
Selenium (ug) 51.33 (95.09) 48.67 (47.01) 33.07 (39.45) 26.99 (62.78) 0.01*
Alcohol (g) 4.29 (15.86) 4.29 (14.14) 5.14 (11.57) 1.00 (4.70) <0.01*
Caffeine (g) 15.14 (31.80) 15.01 (30.16) 21.20 (31.80) 21.20 (31.80) 0.01*
Flavan-3-ol (mg) 30.14 (37.02) 24.36 (32.47) 16.19 (28.49) 7.40 (30.09) 0.01*
Flavones (mg) 1.92 (1.68) 1.46 (2.12) 1.01 (2.02) 0.92 (1.47) 0.01*
Flavonols (mg) 18.91 (19.40) 15.40 (12.34) 10.48 (12.60) 9.23 (13.93) 0.01*
© 2019 The British Dietetic Association Ltd. 133
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DIl quartiles’
Characteristics First (n = 90) Second (n = 90) Third (n = 93) Fourth (n = 93) P-value*
Flavonones (mg) 206.56 (418.38) 124.58 (269.37) 110.50 (300.93) 14.60 (196.21) 0.01*
Anthocyanidins (mg) 12.85 (30.65) 5.17 (22.36) 1.30 (21.83) 0.46 (14.18) 0.01*

The values are reported as the median (interquartile range) or n (%).

*Continuous variables analysed with the Kruskal-Wallis test; categorical variables analysed by chi-squared analysis P < 0.05.

MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.

Table 4 Crude and adjusted association of Dietary Inflammatory
Index® (DIl) with metabolic syndrome (MetS) and its components

Crude
OR (95% Cl)

MetS/
components

Adjusted’ OR

P-value* (95% Cl) P-value*

Metabolic syndrome

DIl (unit) 1.97 (1.54-2.51) <0.01* 2.31(1.61-3.31) <0.01*
Central obesity

DIl (unit) 1.37 (1.11-1.69)  0.01* 1.32(0.94-1.85) 0.11
Hyperglycaemia

DIl (unit) 1.05 (0.88-1.26) 0.58 0.85(0.66-1.10) 0.22
Hypertriglyceridaemia

DIl (unit) 1.50 (1.20-1.86)  0.01* 1.29 (0.98-1.69) 0.07*
Hypertension

DIl (unit) 1.34(1.10-1.64)  0.01* 1.28(1.01-1.64) 0.04*

Low high-density lipoprotein-cholesterol

DIl (unit)  1.07 (0.67-1.70)  0.77  1.27 (0.67-2.43) 0.47

TAdjusted for sex, age, educational level, smoking, physical activity,
body mass index and energy intake.

*P < 0.01.

Cl, confidence interval; OR, odds ratio.

and all types of mortality "**?. If our participants con-

tinue with pro-inflammatory dietary habits, they can put
themselves at risk for CVD and all-cause mortality. For-
mer or current smokers had a pro-inflammatory potential
of their diet, which might represent a possible risk for
developing oral, lung and pharyngeal cancer “*. Smoking
is connected with a higher MetS risk, although conse-
quent weight-gain after smoking cessation, if unhealthy
dietary habits continue, may also increase the risk of
MetS . However, current smoking appears to have a
protective effect on MetS among 3245 Croatian partici-
pants *” and our current smokers had significantly the
lowest prevalence of MetS. A significant proportion of
participants snacked between meals, which all had MetS
and were mainly grouped in more pro-inflammatory diet
quartiles. The ‘unhealthy snacking pattern’ was indepen-
dently associated with increased MetS among Spanish
young participants ‘), and our similar study results pre-
sent a strong need for public health diet education and/or
intervention programmes aimed at younger generations,
toward reviving traditional MD. The present study
revealed that adding sugar/salt to food was not connected
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with MetS, nor to a pro-inflammatory diet, which may
be because participants use them only in moderation.

Strengths and limitations

The present study should be regarded with some limita-
tions, such as the use of a self-reported food frequency
questionnaire and consequent under- or over-reporting by
participants. Still, possible mistakes are minimal because
questionnaire fulfilling was guided and monitored by
skilled nutritionists. The cross-sectional study nature pre-
vents us from making any conclusions regarding causality
and temporal outcome of the observed significant associa-
tion of dietary inflammatory potential and MetS. In addi-
tion, some of the studied participants diagnosed with
some aspects of MetS may have made some dietary
changes. Therefore, their diet may appear to be healthier
than that of those without MetS. Consequently, the
change in diet could create an artefact of more pro-in-
flammatory DII scores not being associated, or even being
protective, in some cases of MetS or its components,
although such changes have not been demonstrated in the
present study. In Croatia, general practitioners conduct
nutrition counselling. However, only 18.7% of Croatian
general practitioners always conduct nutrition counselling
with their patients, regardless of their individual health
risks, and 81.6% of them mentioned a lack of time as being
the most significant barrier for nutrition counselling .
These findings could indicate that MetS patients may not
receiving adequate nutrition counselling, which therefore
could have influenced the results of the present study.

The rather small study sample, consisting of workers
from one company and localised to one part of Croatia,
might give inadequate results with respect to the associa-
tion of DII and MetS in Croatia. The DII results showed
a significantly small proportion of participants with an
anti-inflammatory diet, which could be a result of the
limited presentation of DII components with anti-inflam-
matory potential, such as ginger, turmeric, rosemary,
thyme/oregano and green/black tea, in the food frequency
questionnaire. Croatia lacks consumption data of these
food items at a national or regional level. The original
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research (i.e. from which the present study results) was
primarily designed with different monitoring objectives
and had limited resources that did not enable researchers
to include inflammatory biomarkers possibly revealing a
better diet—disease association. Another possible limita-
tion is the use of USDA Database for the Flavonoid Con-
tent, which only contains data on flavonoids expressed as
aglycones.

However, the present study has its strengths. This is the
first Croatian study reporting data on the inflammation
potential of the diet among Croatians, as assessed with 37
nutrients used for scoring the DII, and presenting a signif-
icant association of pro-inflammatory diet to MetS. The
study results are significant with respect to emphasising
the worrying diet—disease situation among the younger
Croatian population. Although the study findings may be
of public health significance as a result of using anti-in-
flammatory dietary approaches to protect cardiometabolic
health, there is the need for further examinations includ-
ing endocrine and inflammatory biomarkers to clarify the
DII and MetS association among Croatians. Croatia has
been classified as a country with a high risk for CVD “©)
and CVD mortality rates are almost twice as high as the
European Union average, which points to shortcomings in
healthcare delivery and public health interventions,
according to European Comity Country Health Profile
2017 “7), By promoting and adopting a more anti-inflam-
matory diet, which might comprise reviving the MD her-
itage, Croatians may improve their cardio-metabolic
profile and attenuate the risk of CVD and MetS. MD has
been proven as a good dietary intervention for MetS pre-
vention and management %,

Conclusions

The present study demonstrates a significant association
of DII with MetS and hypertension. There was a signifi-
cant proportion of participants with a pro-inflammatory
diet, mostly younger than 40 years, which represents a
risk for CVD development in later life. Further longitudi-
nal studies in different parts of Croatia, including inflam-
mation biomarkers, are needed for a more defined view
of the inflammatory potential of the diet and its associa-
tion with various inflammatory-based health conditions.
The reported results indicate the need for the develop-
ment of anti-inflammatory dietary interventions for pop-
ulation health protection.
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Abstract

Background: Higher Dietary Inflammatory Index (DII®) scores are associ-
ated with increased morbidity and mortality. However, little is known about
the effects of DII on mortality in Mediterranean countries. Therefore, in the
present study, we aimed to investigate the potential association between DII
scores and overall, cancer and cardiovascular disease (CVD) mortality in
people living in a Mediterranean area.

Methods: DII scores were calculated using a validated food-frequency ques-
tionnaire. DII scores were then categorised into tertiles. Mortality was ascer-
tained via death certificates. The association between DII scores with overall
and cause-specific mortality was assessed via a multivariable Cox’s regres-
sion analysis and reported as hazard ratios (HRs) with their 95% confidence
intervals (ClIs).

Results: The study included 1565 participants (mean age 65.5 years;
females 44.7%). After a median follow-up of 12 years (2005-2017), 366
(23.4%) participants died. After adjusting for 17 potential confounders, peo-
ple with higher DII scores had an increased risk of death compared to those
in the lowest (most anti-inflammatory) tertile (HR = 1.38; 95% CI = 1.04—
1.82 for the second tertile; HR = 1.38; 95% CI = 1.03—1.86 for the third ter-
tile). Each 1 SD increase in DII score increased the risk of death by 13%.
No association was found between DII scores and cancer or CVD death
when considered separately.

Conclusions: Higher DII scores were associated with a significantly higher
mortality risk, whereas the association with cause-specific mortality was less
clear. These findings highlight the potential importance of diet in modulat-
ing inflammation and preventing death.

© 2019 The British Dietetic Association Ltd.
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Introduction

Chronic systemic inflammation has been proposed as a
pivotal factor in the development and progression of sev-
eral non-communicable diseases, including cardiovascular
disease (CVD), cancer, type 2 diabetes and dementia ‘.
Accumulating data have shown that diet is one of the
most important contributors to chronic systemic inflam-
mation.

Accumulating data have shown that an unhealthy diet
is one of the most important contributors to chronic sys-
temic inflammation ),

In the updated version of the Dietary Inflammatory
Index (DII®) ¥, 1943 articles were reviewed and scored.
Forty-five food parameters, including foods, nutrients and
other bioactive compounds, were identified based on their
inflammatory effect on six specific inflammatory markers,
including C-reactive protein (CRP), interleukin (IL)-1,
IL-4, IL-6, IL-10 and tumour necrosis factor-o. ®~®. The
DII has been shown to be a valid tool for predicting
levels of inflammatory markers, including IL-6 and CRP
(39710 Thus, it provides a useful and readily comparable
means for estimating the inflammatory nature of an indi-
vidual’s diet based on the pro- and anti-inflammatory
power of the overall diet, taking into consideration both
macro and micronutrients in any population 2.

Several studies have reported an association between an
increasing DII score and levels of biochemical inflamma-
tory parameters >'*), leading to the hypothesis that a diet
with high levels of pro-inflammatory components might
be related to an increased risk for some medical condi-
tions such as CVD "' cancer "%, diabetes ' and
bone fractures ¥, All of these medical conditions are
traditionally associated with an increased risk of mortal-
ity, suggesting that higher DII scores could be associated
with a higher overall mortality risk '***,

In a large meta-analysis ', including six prospective
studies investigating the potential association between DII
scores and mortality, the consumption of a more pro-in-
flammatory diet was associated with a higher risk of all-
cause, CVD and cancer mortality. However, the studies
included in this meta-analysis were mainly derived from
populations residing primarily outside of the Mediter-
ranean region '*. Given the popularity of the Mediter-
ranean diet, findings concerning the possible association
between higher DII scores and all-cause and cause-specific
mortality could be of interest, especially because it was
recently noted that these countries are eating less healthy
diets than previously reported ". Additionally, to the
best of our knowledge, only one study has been published
based on a Mediterranean population *?. Additionally,
the DII has been validated with low-grade inflammation
in another Mediterranean population **).

© 2019 The British Dietetic Association Ltd.
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Given this background, we aimed to investigate the
potential association between DII and mortality (overall
and cause-specific forms) in a sample of older people liv-
ing in a Mediterranean area.

Materials and methods

Participants

The study included women and men randomly sampled
from the electoral rolls of the population of Castellana
Grotte, a town in Southern Italy (Apulia region) between
2005 and 2006. Among 1942 individuals initially con-
tacted, 1708 (87.9%) participated to the baseline survey
[MICOL (Multicentrica Italiana COLeleitiasi) III]. This
research was approved by the Institutional Review Board
(Ethical Committee) of IRCCS De Bellis and written
informed consent was obtained from each participant
before entering the study.

Exposure: dietary inflammatory index

Dietary intake was assessed using a validated tool, com-
prising the Block Brief 2000 food frequency questionnaire
(FFQ) during the baseline visit that was adapted for use
in this population ¥,

Seventy items were assessed to determine an individ-
ual’s typical food and beverage consumption over the
past year. The frequency of consumption was reported at
nine levels of intake from ‘never’ to ‘every day’. The data
for DII calculation were extracted using the Food Com-
position Database for Epidemiological Studies in Italy
(25)

Details describing the development of the DII are pro-
vided elsewhere ®. Individual scores were computed for
each food parameter for each participant based on the
FFQ.

The FFQ in the present study provided data on 26 food
parameters (of the 45 possible) from which we calculated
energy-adjusted DII (E-DII) scores based on intake stan-
dardised to 4184 kJ (1000 kcal) of energy 29 The 26
food parameters available for DII calculation in this study
were vitamin Bj,, vitamin Bg, B-carotene, carbohydrate,
cholesterol, fat, fibre, folic acid, iron, magnesium,
monounsaturated fat acids, niacin, protein, polyunsatu-
rated fatty acids, omega 3 and 6, riboflavin, saturated fat
acids, selenium, thiamin, vitamin A, vitamin C, vitamin
E, vitamin D, zinc and niacin.

To create a means for comparing diets in different
populations, a regionally representative world database
representing diet surveys from 11 countries was used as
a comparative standard for all of the parameters (i.e.
foods, nutrients, and other food components) that
comprise the DII. To compute the E-DII, we used an
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energy-standardised (to 1000 kcal) version of the com-
parative database. Briefly, a standard mean for each
parameter from the energy-standardised representative
world database was subtracted from the individual’s
reported intake and divided by the SD of the represen-
tative world database to generate Z-scores. These Z-
scores were converted to proportions (thus minimising
effects of outliers/right-skewing). These values were then
doubled and 1 was subtracted to achieve symmetrical
distribution with values centered on 0. The resulting
value was then multiplied by the corresponding inflam-
matory score for each food parameter and summed
across all food parameters, obtaining the overall DII
score.

Outcome: vital status

The primary outcome of interest of the present study was
all-cause mortality. In the MICOL III, mortality was adju-
dicated via death certificates, manually revised by a
trained researcher. Examination of the death certificates
was carried out up to 31 December 2017. Cardiovascular
death was assigned based on ICD-10 (International Statis-
tical Classification of Diseases) codes from I00 to 199 and
cancer-related death was associated with codes from C00
to C97.

Other measurements

The survey visit consisted of the administration of a stan-
dardised questionnaire, including the FFQ, anthropomet-
ric measurements, a blood sample for biochemical tests
and an ultrasonographic examination.

A scale indicating the degree of adherence to the tradi-
tional Mediterranean diet (aMED) was constructed using
the indications given by Trichopoulou et al. ?”), which
was revised to include fish intake. The total Mediter-
ranean diet score ranged from 0 (minimal adherence to
the traditional Mediterranean diet) to 9 (maximal adher-
ence).

Depressive symptoms were measured using the Zung
Self-Rating Depression Scale, with scores >50 (out of
100) indicating the presence of depressive symptoms
(28)

Smoking status was categorised as actual/previous ver-
sus never. A trained nurse recorded weight and height.
Body mass index (BMI) was then calculated and reported
in as weight (kg)/height (m)?. Systolic and diastolic blood
pressure also were recorded by a trained nurse. All the
subjects underwent a standardised ultrasound examina-
tion made by two investigators using a Hitachi H21
Vision® (Hitachi Medical Corporation, Tokyo, Japan).
Examination of the visible liver parenchyma was
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performed with a 3.5-MHz transducer. A scoring system
was adopted to obtain a semi-quantitative evaluation of
fat in the liver.?” The fatty liver score ranged from 0 to
6, with higher values indicating higher severity ©.

Finally, self-reported information regarding the pres-
ence of diabetes, gastric ulcer, gall stones, hepatic cirrho-
sis, cancer, acute myocardial infarction were used in the
analyses.

Statistical analysis

Data on continuous variables were normally distributed
according to the Kolmogorov—Smirnov test. Data were
presented as the means (SD) for quantitative measures,
and as frequency and percentages for all discrete variables.
Levene’s test was used to test the homoscedasticity of
variances and, if its assumption was violated, Welch’s
analysis of variance was used. P-values were calculated
using the Jonckheere-Terpstra test®" for continuous
variables and the Mantel-Haenszel chi-squared test for
categorical variables.

To assess the relationship between DII scores and mor-
tality, a Cox’s regression analysis was conducted where
mortality was defined as the discrete ‘outcome’, time-to-
event was the temporal factor and the DII score was the
‘exposure’. The basic model was not adjusted for any
confounders. The fully adjusted model included the
covariates: age, sex, smoking status, diabetes, gastric ulcer,
gallbladder stones, hepatic cirrhosis, acute
myocardial infarction, body mass index, systolic and dias-
tolic blood pressure, presence of depressive symptoms,
presence of hepatic steatosis, energy and alcohol intake,
and aMED score.

Multicollinearity among covariates was assessed via
variance inflation factor (VIF) ©?), taking a cut-off of 2
as the criterion for exclusion. No covariates met this cri-
terion, and therefore none of them was excluded for this
reason. The VIF between DII and aMED was 1.46, taking
overall mortality as outcome. Adjusted hazard ratios
(HR) and 95% confidence intervals (CI) were calculated
to estimate the strength of the associations between DII
scores (reported in tertiles) and mortality. We finally
modelled DII as continuous variable, reporting the associ-
ation between increase in 1 SD as exposure variable. Sim-

cancer,

ilar analyses were run taking CVD death and cancer-
specific death as outcome.

Several sensitivity analyses were conducted evaluating
the interaction between DII score and selected factors (i.e.
age below or more/equal than 65 years, the median value
of the cohort; BMI below or more/equal than 30 kg m %
smoking status, categorised as previous/actual versus
never) in the association with mortality, althoughb none
emerged as moderator of our findings.
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P < 0.05 was considered statistically significant. All
analyses were performed using spss, version 21.0 (IBM
Corp., Armonk, NY, USA).

Results

Study population

The MICOL III study initially included 1708 participants.
After excluding 56 participants who did not have suffi-
cient data for calculating the DII and 88 who did not
have follow-up data, we retained a total of 1565 subjects
for the final analysis (see Figure S1).

Mean (SD) age was 65.5 (9.5) years (range 43—
89 years); 44.7% were women. The mean (SD) DII at
baseline was —3.2 (1.5), with a range from —4.3 (higher-
quality, anti-inflammatory diet) to +3.9 (lower-quality,
pro-inflammatory diet). In the sample as a whole, the lin-
ear correlation between DII and aMED was weakly nega-
tive (Pearson’s P = —0.26; P < 0.0001).

Baseline characteristics by tertiles of DII are provided
in Table 1. Participants with higher DII scores
(DII > 0.76, n = 521) were significantly older (P = 0.007)
and were more likely to be male (P < 0.0001) than those
with lower DII scores (DII < —0.83, n = 522) (Table 1).
People with higher DII scores were more frequently
smokers, and had a higher calorie and alcohol intake than
people with lower DII scores. Finally, participants with
higher DII scores reported a significantly lower incidence

DIl and mortality

of diabetes (P < 0.0001) than those with lower DII scores.
No differences were evident for other medical conditions
investigated in the present study (Table 1).

Dietary inflammatory index and mortality

After a median follow-up period of 12 years, 366 partici-
pants (23.4% of the baseline population) died; 102 died
from CVD and 87 from cancer. The overall mortality rate
was 19 (95% CI = 17-21) per 1000 person-years.

Table 2 shows the associations between DII scores and
mortality. Individuals with higher DII scores at baseline
had a significant higher risk of mortality; data from sur-
vival curves confirm these findings (Fig. 1). After adjust-
17 potential confounders (i.e. age, gender,
demographics, comorbidities, dietary factors including
aMED) at baseline and using the participants with lower
DII scores as the reference group (DII < —0.83), individu-
als with a DII score between —0.83 and 0.76 had a 38%
higher risk of overall mortality (HR = 1.38; 95%
CI = 1.04-1.82; P = 0.02) and those in the highest cate-
gory (DII > 0.76) also had a 38% increase in risk
(HR = 1.38; 95% CI = 1.03-1.86; P = 0.03) (Table 2).
Based on the fully-adjusted model fit with DII as contin-
uous, each increase in 1 SD (= 1.5 points) was associated

ing for

with a significant 13% higher risk of overall mortality.
None of the factors that have been hypothesised to affect
DII scores (e.g. age, BMI, smoking status) emerged as a

Table 1 Descriptive characteristics of the study subjects by dietary inflammatory index, MICOL (Multicentrica Italiana COLeleitiasi) Ill Study, 2005—

2017
DIl < -0.83 DIl -0.83 and 0.76 DIl > 0.76
(n =522) (n =522) (n =521) P-value*
Age (years) 64.4 (8.5) 66.2 (9.9) 65.9 (9.8) 0.007
Females (%) 53.6 45.2 35.1 <0.0001
General characteristics
Smokers (previous/actual) (%) 41.8 421 495 0.01
BMI (kg m™) 29.6 (5.4) 29.5(5.2) 30.2 (5.4) 0.12
Systolic blood pressure (mmHg) 125 (20) 124 (21) 123 (20) 0.53
Diastolic blood pressure (mmHg) 75 (11) 74 (10) 75 (10) 0.42
Depressive symptoms score 28 (9) 27 (9) 27 (7) 0.41
Daily energy intake (kcal) 2099 (791) 2229 (758) 2232 (909) 0.01
Daily alcohol intake (g) 14.7 (20.5) 16.1 (20.9) 23.9 (26.1) <0.0001
Comorbidities
Diabetes (%) 18.8 13.6 10.4 <0.0001
Gastric ulcer (%) 134 14.6 11.9 0.47
Gallbladder stones (%) 13.4 16.7 13.1 0.88
Hepatic cirrhosis (%) 1.0 1.5 1.7 0.29
Previous cancer (%) 5.6 6.7 52 0.80
Acute myocardial infarction (%) 4.8 4.6 5.2 0.76
Score fatty liver 1.3(1.8) 1.101.7) 1.3(1.8) 0.15

Values are reported as the mean (SD) (for continuous variables), or as a percentage for categorical ones.
*P values were calculated using the analysis of variance for continuous variables and a chi-squared test for categorical variables, respectively.
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Table 2 Association between dietary inflammatory index and mortality, MICOL (Multicentrica Italiana COLeleitiasi) Il Study, 2005-2017

Incidence of death
(95% Cl) per 1000

person-years Basic adjusted HRT (95% Cl) P-value Fully adjusted HR (95% Cl) P-value

Overall mortality

DIl < -0.83 15 (12-18) 1 [reference] 1 [reference]

DIl -0.83 and 0.76 25 (21-30) 1.71 (1.31-2.23) <0.0001 1.38 (1.04-1.82) 0.02

DIl > 0.76 24 (20-28) 1.61 (1.23-2.11) 0.001 1.38 (1.03-1.86) 0.03

Increase in 1 SD - 1.18 (1.07-1.30) 0.001 1.13(1.02-1.27) 0.03
Cardiovascular mortality

DIl < -0.83 4 (2-6) 1 [reference] 1 [reference]

DIl -0.83 and 0.76 7 (5-10) 2.02 (1.19-3.42) 0.009 1.52 (0.88-2.64) 0.13

DIl >0.76 7 (5-10) 2.05 (1.21-3.47) 0.008 1.37 (0.77-2.46) 0.29

Increase in 1 SD - 1.32 (1.10-1.59) 0.003 1.18 (0.95-1.45) 0.13
Cancer mortality

DIl < -0.83 4 (3-6) 1 [reference] 1 [reference]

DIl -0.83 and 0.76 5 (4-8) 1.31(0.78-2.22) 0.31 1.06 (0.62-1.83) 0.83

DIl > 0.76 5 (4-8) 1.33 (0.79-2.26) 0.29 1.09 (0.61-1.93) 0.78

Increase in 1 SD - 1.06 (0.87-1.29) 0.56 0.96 (0.77-1.21) 0.73

"Not adjusted.

*Adjusted for age, sex, smoking status, diabetes, gastric ulcer, gallbladder stones, hepatic cirrhosis, cancer, acute myocardial infarction, body mass
index, systolic and diastolic blood pressure, presence of depressive symptoms, presence of hepatic steatosis, energy and alcohol intake, and adher-

ence to Mediterranean diet.

potential moderator of the association between DII and
mortality (P for interaction for median age,
65 years = 0.87; for median BMI, 30 kg m > = 0.21; for
smoking status = 0.16).

Table 2 also shows the association between DII scores
at baseline and cause-specific mortality. Although the
point estimates for CVD mortality were higher than for
overall mortality in the fully adjusted model (e.g. 1.52
versus 1.38 in the third quartile), the confidence limits

were wider and included 1.0. There was only a slight sug-
gestion of increased risk for overall cancer mortality in
the basic adjusted model and virtually no suggestion of
increased risk in the fully adjusted model.

Discussion

In this ongoing prospective cohort of men and women
living in a Mediterranean country, a higher DII score was

Figure 1 Survival curves by dietary inflammatory
index scores at the baseline.

1.00
—~ 0.95 -
g DIl < -0.83
s
>
5
o 0.90 -
I
s
E DIl -0.83 & 0.76
(3)

0.85 -

DIl > 0.76
0.80 -]
o.;)o z.lso 5.;10 1.;0 1o.loo 12.'50
Follow-up (years)

142

© 2019 The British Dietetic Association Ltd.



N. Veronese et al.

associated with an increased risk of all-cause mortality,
independent of potential confounders. People with higher
DII scores had an increased risk of mortality, even after
adjusting for multiple confounding factors, including
adherence to a Mediterranean diet. None of the factors
that have been hypothesised to affect the DII, such as age,
adiposity and smoking, influenced the association
between DII and mortality. It is important to note the
strong suggestion that risk was increased even more for
cardiovascular disease mortality; however, confidence lim-
its were wide because of imprecision as a result of a small
sample size.

In a recent meta-analysis, the association between
higher DII scores and all-cause mortality was significant,
although this was characterised by a high heterogeneity
and no specific strata that was included could explain the
heterogeneity '*. It could be that the DII is associated
with a higher mortality risk probably because higher DII
scores are associated with a higher incidence of some
medical conditions per se rather than with mortality-
specific factors '*'®!83373¢) Eor example, specific to the
Italian region, DII has previously been shown to be asso-
ciated with a variety of cancers *”*® and acute myocar-
dial infarction ©%. In relation to cancer-specific
mortality, DII has been shown to be associated with pros-
tate cancer “**’ and digestive cancer mortality ““" but not
with breast cancer mortality “*. In a large randomised
controlled trial, however, a pro-inflammatory diet was
associated with an increased risk of all-cause mortality in
the placebo group but not in the antioxidant-supple-
mented group, suggesting that inflammation and oxida-
tive stress play an important role in determining
mortality in human beings and that nutrients with anti-
oxidant properties can counteract this effect “*,

The potential association between DII and increased
risk of mortality can be explained via several mechanisms.
First, the DII is significantly associated with low-grade
inflammation ** and higher CRP levels are associated
with a higher risk for several cardiovascular conditions,
including coronary heart disease and stroke, which
increase the risk of mortality “*. Second, higher DII
scores reflect the higher consumption of foods tradition-
ally associated with higher CVD risk, such as red meats
43 fats 9 and fried foods (47 Similarly, higher DII
scores reflect the lower consumption of vegetables and
fruits that, by contrast, are associated with a lower CVD
risk %),

Our findings might have relevant clinical consequences.
First, inflammation is a significant risk factor for impor-
tant medical conditions (‘inflammaging’) " that are not
only associated with a higher mortality risk, but also a
with poorer quality of life.*” Because the DII is linearly
correlated with serum markers of inflammation ®=®, the

© 2019 The British Dietetic Association Ltd.

DIl and mortality

possibility of modulating inflammation with a healthier
diet that might provide important benefits for preventing
mortality (particularly for CVD reasons) could be an
important target of future intervention studies. Finally,
we consider that our findings could be of importance in
a Mediterranean country (such as Italy) in which adher-
ence to healthy diet, such as the Mediterranean diet, is
degrading year after year, as noted recently by a World
Health Organization report "), In the only other report
exploring DII and mortality in a Mediterranean popula-
tion, after adjusting for a wide array of potential con-
founders, the comparison between extreme quartiles of
the DII showed a positive and significant association with
all-cause mortality in both the SUN cohort (HR = 1.42;
95% CI = 1.00-2.02; Pyeng = 0.009) in Spain %,
Although there are similarities in the dietary practices of
people in Spain and Italy, there are some differences that
warrant further study. For example, some classical
Mediterranean foods, such as cereals and vegetables, were
generally consumed more frequently by Italian students;
others, such as fish and pulses, were generally consumed
more frequently by Spanish students .

The findings of the present study should be interpreted
within their limitations. First, the non-availability of data
on several food parameters useful for calculating the DII
should be considered. Some components (e.g. turmeric,
saffron and eugenol) are not consumed in high quantity
in this population, and so the non-availability of these
food parameters may not have played major role in this
association. However, the inclusion of parameters such as
flavonoids, which are commonly consumed, may influ-
ence the results. Second, information regarding co-mor-
bidities was self-reported and this could introduce an
important bias. Finally, data regarding dietary habits were
recorded only at the baseline; therefore, dietary changes
made during the follow-up are not reflected in the results,
particularly over 12 years of follow-up. However, this
issue is common to other studies investigating DII and
mortality %),

In conclusion, the results of the present study suggest
that higher DII scores are associated with a significantly
higher mortality risk, also taking in account several con-
founders at the baseline, even if the data regarding speci-
fic-cause mortality are less clear. Our data may be
particularly important because Mediterranean populations
are transitioning toward less-healthy diets. This trend
should be confirmed in future studies.
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The MICOL study group includes: De Michele Giam-
piero, Mastrosimini Anna, lacovazzi Palma, Laboratory of
Clinic Pathology; Noviello Marisa, Unit of Radiology;
Burattini Osvaldo, Unit of Gastroenterology II; D’Attoma
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Benedetta, Laboratory of Nutrional Phyisipathology,
IRCCS Saverio de Bellis, Castellana G, Bari, Italy; and
Pugliese Vittorio, Hospital of Monte Sant’Angelo, Putig-
nano (BA).

Supporting information

Additional supporting information may be found online
in the Supporting Information section at the end of the
article.

Figure S1. Flow chart.
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