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Abstract
Objective: To evaluate associations of demographic and socio-economic
factors with diet quality among population subgroups in Bosnia and
Herzegovina (B&H).
Design: A cross-sectional analysis of 2017 B&H dietary survey data. Diet quality
was assessed by the Prime Diet Quality Score (PDQS) utilizing data from two
non-consecutive 24 h diet recalls. Socio-economic variables were extracted
from the 2015 B&H Household Budget Survey. Homogeneity of means across
population subgroups was evaluated using multivariable regression.
Setting: B&H population survey.
Participants: A population-based sample of 853 adults.
Results: The mean PDQS was 15·8 (range 7–28 out of a possible 42 points). In
general, Bosnian adults had low PDQS due to high intakes of refined grains,
high-fat dairy and processed meats, and low intakes of whole grains, nuts
and fish. The PDQS was significantly higher (P < 0·0001) among older individ-
uals (17·0) compared with those in the youngest group (14·5), among individ-
uals living in the central and northern regions (16·5) compared with those living
in the south (15·1; P < 0·0001), and among people who are married/cohabitat-
ing (16·1) v. single (14·8; P = 0·02). In energy-adjusted models, socio-economic
status (P = 0·04) and tertiles of household spending (P = 0·002) were inversely
associated with the PDQS.
Conclusions: Diet quality in this population was low. Young and middle-aged
individuals, singles and those living in the south had significantly lower quality
diets compared with other subgroups. Public health action is needed to pro-
mote higher consumption of whole grains, nuts and fish, and a higher variety
of fruits and vegetables.
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Dietary surveys represent an important source of data on
population dietary behaviours associated with health and
disease, and are a prerequisite for the creation and tracking
of nutrition-related public health policies and programmes.
While mean nutrient and food intakes on a population
level are valuable, they can often mask inadequate or
excess intakes in specific demographic or socio-economic

subgroups that may require additional attention. The liter-
ature from high-income countries(1–3) has shown significant
and widening differences in diet quality by socio-economic
status (SES), with disadvantaged socio-economic groups
consuming more affordable, nutrient-poor foods com-
pared with high-SES groups. The nutrition transition from
traditional diets to more Western-style diets has been well
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documented in many low- and middle-income countries of
Asia, Africa and Latin America(4–7). These eating patterns
are characterized by increased intakes of energy, meat,
SFA, sugar and refined grains coupledwith reduced intakes
of fibre, fruits and vegetables.While the positive gradient in
diet quality by SES is clear in high-income countries,
some low- and middle-income countries undergoing nutri-
tion transition have experienced a different pattern(5,6).
Specifically in these low- and middle-income countries,
urban and high-income groups seem to more readily
embrace unhealthy Western-style diets, while low-income
and rural groups tend to preserve traditional diet features
over a longer period of time by consuming more vegeta-
bles, oils and whole grains, and less meat and SFA.

Bosnia andHerzegovina (B&H)was a part of the socialist
Yugoslavia until its breakdown in 1992, followed by an
armed conflict in 1992–1995. The country is organized into
two administrative units, the Federation of Bosnia and
Herzegovina (FB&H) and the Republika Srpska. B&H’s
economy underwent transition to a market economy in
the late 1990s, but is still catching up with more developed
neighbouring countries(8,9). Located in the Balkan Peninsula,
its northern parts are characterized by mountain ranges and
a moderate continental climate, while southern parts
bordering with the Adriatic have a significantly warmer,
Mediterranean climate. The Bosnian and Adriatic fishery is
a great source of both wild and farmed fish(10,11), while
the diverse terrain is suitable for growing an assortment of
fruits and vegetables, nuts and other crops. Among the
locally available foods rich in key nutrients and affordable
are trout, sardines, mackerel, walnuts, rye, buckwheat,
carrots and collard greens.

Health statistics indicate that B&H is at an advanced
stage of epidemiological transition with CVD as the leading
cause of mortality(12,13) and type 2 diabetes and diet-related
cancers on the rise(12,13). Overweight and obesity affect
over half of the country’s population(12).While the literature
on pre-war and post-war dietary habits of former
Yugoslavian and Bosnian populations is sparse, the
Seven Countries Studies(14,15) identified geographic
variations in the type of fat consumed among men
in pre-war Yugoslavia, while a study among Bosnian
immigrants in Sweden(16) and the 2012 B&H Health
Survey(13) suggested high intakes of refined wheat flour
and sugary products (such as white bread, pies and sweet
pastry) in Bosnian diets. We were, however, unable to find
literature on Bosnian or West Balkans changes in dietary
habits over the past decades, nor data on demographic
(e.g. sex, age, marital status) or socio-economic (e.g. edu-
cation, wealth, place of residence) differences in diet within
the country. It is therefore unclear whether nutrition tran-
sition in this region has followed the patterns identified
in other low- and middle-income countries. To address this
gap, we evaluated the demographic and socio-economic
predictors of nutrient and food intakes, as well as of the
overall diet quality, among adults in B&H.

Methods

Study design and population
We used data from the 2017 B&H dietary survey that
included a population-based sample of 872 persons aged
18 years or over residing in FB&H. This was a cluster ran-
domized sub-sample of households participating in the
2015 Household Budget Survey (HBS 2015)(17) in B&H,
used to minimize sampling costs and to allow linking of
dietary and socio-economic data. HBS is a nationally rep-
resentative, stratified random sample of households. The
non-response rate of 34 % in our study was partially due
to an outdated sampling frame and frequent in-country
migrations, and is similar to other dietary surveys(18).
Nineteen persons were excluded due to systematic inter-
viewer error, resulting in the final sample of 853 persons
(482 women and 371 men; Table 1). Dietary data were
collected by trained interviewers in the form of two
non-consecutive 24 h recalls (the first one in person, the
second one over the telephone 4–30 d later) uniformly
across four seasons with the weekday to weekend ratio
of 7:3. Data were subsequently linked to socio-economic
data from the HBS 2015. Weight and height data were
self-reported; participants were, however, given a chance
to use an interviewer-provided portable scale, measuring

Table 1 Characteristics of participants in the Bosnia and
Herzegovina dietary survey (2017)

Male
(n 371)

Female
(n 482)

n % n %

Age group
18–40 years 111 30 130 27
41–60 years 157 42 227 47
≥61 years 103 28 125 26

Place of residence
Urban 167 45 206 43

Education level (study participant)
<12 years (less than high school) 53 14 213 44
12 years (high school diploma) 267 72 216 45
>12 years (some higher education/higher
education diploma)

51 14 53 11

Socio-economic status (SES)
Low SES 121 32 172 36
Medium SES 218 59 280 58
High SES 32 9 30 6

Geographic location
Bosnia (north) 238 64 348 72
Herzegovina (south) 132 36 134 28

BMI (kg/m2)
<25·0 98 27 163 34
25·0–29·9 190 51 175 36
≥30·0 83 22 144 30

Chronic disease 113 30 195 40
Diabetes 19 5 38 8
CVD 66 18 122 25

Marital status
Single 61 17 55 11
Married/living with partner 291 78 329 68
Divorced/widowed 19 5 98 20
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tape and written instructions to take these measures during
interview if they were unsure.

Demographic and socio-economic variables
We used the Organisation for Economic Co-operation and
Development-modified equivalence scale(19) to standardize
household spending levels by household size and then
classified this variable into tertiles (low, medium, high).
Education level of the head of household was categorized
as follows: less than high school (<12 years), high school
completed (12 years) and some higher education or higher
education diploma (>12 years). A composite socio-
economic (SES) score (Table 1) was created to combine
the effect of education andwealth. Participants were catego-
rized into the ‘high SES’ category if the household head had
>12 years of education and the household spending was in
the highest tertile; into ‘low SES’ if the household head’s
educationwas<12 years and the spendingwas in the lowest
tertile; everyone else was categorized as ‘medium SES’. We
also stratified participants by the place of residence using the
official national statistics agency classification into ‘urban’,
defined as residing in settlements with a ‘city’ status, and
‘non-urban’, that included semi-urban and rural settlements.
Further, participants were classified by geographic location
into those residing in the ‘north’ (municipalities in Bosnia,
northern and central regions) or ‘south’ (municipalities in
Herzegovina, southern regions). We also classified our
participants by age group (18–40, 41–60 and ≥61 years),
BMI (<25·0, 25·0–29·9 and ≥30·0 kg/m2) and marital status
(single, married/cohabitating and divorced/widowed).

Dietary assessment
To determine intake quantities during interviews, we
utilized the DIET-ASSESS Food Atlas(20,21) which uses
colour images of eating utensils, dishes, foods and meals
to aid in the estimation of portion sizes during the in-home
interviews. A short version of this food atlas was left with
respondents to be used during telephone interviews.
Nutrient intakes were calculated by DIET ASSESS &
PLAN advanced dietary assessment software(22) linked to
the Balkans food composition database. We focused on
the key nutrients associated with health and disease, and
further restricted our analysis to nutrients with confirmed
validity in the Balkans food composition database. Data
on trans-fatty acids and free/added sugars were not avail-
able in the database; hence we excluded these nutrients
from our analyses. Individual foods were categorized into
food groups of interest. ‘Fruit’ and ‘vegetables’ categories
included only whole fruits and vegetables, while juices
and spreads were categorized separately. Low-fat dairy
included products with 2 % milk fat or less. Ingredients
of composite dishes were incorporated into several catego-
ries as appropriate (e.g. sugar from a cake with nuts would
be added to the ‘sweets’ category while nuts would be

counted as ‘nuts’). All values were calculated as grams or
millilitres per day and included non-consumers.

Prime Diet Quality Score
The Prime Diet Quality Score (PDQS)(23,24) is a food-based,
twenty-one-component, dietary score consisting of twelve
‘adequacy’, seven ‘moderation’ and two population-
specific components (for adults, only low-fat dairy foods
are coded as an adequacy component, while high-fat dairy
and eggs are not coded). The scorewas developed and suc-
cessfully evaluated by comparison with a comprehensive
FFQ in a high-income country setting(23,24). In two studies
of US women, higher score on the PDQS was found to
predict lower risk of CHD(23) and gestational diabetes
mellitus(24). We adapted the scoring criteria for use with
the two days of 24 h recall data. Specifically, for each
‘adequacy’ component, participants were assigned a ‘0’ if
no foods from a component were consumed in at least a
minimum quantity during both days, a ‘1’ if foods from a
component were consumed in an amount above the mini-
mum cut-off point on one day out of the two, and ‘2’ if at
least one food from a food component was consumed at or
above minimum amount on both days. The coding was
reversed for the ‘moderation’ components. The number
of occasions a person consumed foods during a day from
a component were not taken into account, i.e. any
frequency above 1 was coded as ‘1’. In order to preserve
the original scoring of up to 42 points (representing a
high-quality diet), we assigned 2 points to all participants
for the ‘eggs’ component, keeping it as a neutral compo-
nent. We set ‘minimum amount per meal’ cut-off points
for each component based on expert knowledge, specific
food portion sizes and distributions of actual intakes in the
2017 Bosnia diet survey(25,26). The online supplementary
material, Supplemental Table S1, gives details about foods
included in each component and the cut-off points
per meal.

Statistical analysis
We calculated nutrient and food intakes as a simple
average of two days for each participant while the total
PDQS was based on intakes from both days. Geometric
means and SE were calculated from log-transformed
nutrients. Gamma distribution of food groups was assumed
to accommodate their skewed distributions. The PDQSwas
normally distributed in our population. Multivariable linear
regression analysis was used to examine associations
between demographic and socio-economic indicators
and nutrients, food groups and the PDQS. Nutrient and
food models were adjusted for sex, age and energy intake.
We evaluated homogeneity of intakes across subgroups
using a trend test across categories of SES, household
spending, age category, education and BMI, and a Wald
test (with Tukey correction for multiple comparisons by
marital status category) for sex, place of residence,
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geographic location and marital status. We did not present
data for low-fat dairy and alcoholic beverages due to very
low consumption of these food groups in our sample. We
detected dietary outliers (none for energy intake and up to
twelve extreme values for MUFA, linoleic acid, and
vitamins A, B12 and C) using the%esdmacro for performing
generalized extreme Studentized deviate many-outlier
detection(27). We conducted sensitivity analyses by exclud-
ing the extreme values for each log-transformed nutrient
and compared the results with those from the full sample.
Results were similar with and without inclusion of these
outliers and so all observations were included. Due to
suspected problems with the validity of the data collected
by one of five interviewers, we excluded data from
nineteen participants (2 %) whose energy and nutrient
intakes were systematically and significantly higher
compared with those of the other four interviewers. In a
sensitivity analysis, we also adjusted the models for the
season effects and compared the results with our initial
findings. Sampling weights were included in the models
to account for the sampling and participation effects and
so that results would be representative of the general adult
population in the FB&H. All the analyses were performed
in the statistical software package SAS version 9.4. All
P values were two-tailed (α = 0·05).

Results

Energy and nutrients
Reported mean energy and macronutrient intakes were
similar across all three socio-economic indicators (Table 2
and online supplementary material, Supplemental Table S2).
Participants in the high socio-economic group consumed
less fibre, α-linolenic acid (both P< 0·001), K, Fe, and
vitamins C and E (all P= 0·01), in models adjusted for sex,
age and energy, compared with those in the low and
medium socio-economic groups. Participants residing in
urban areas had lower fibre (P= 0·01), all PUFA, linoleic acid
(P= 0·01), Se, K and vitamin E intakes (all P= 0·02)
compared with those residing in non-urban areas, while
participants from the southern parts of the country reported
lower average intakes of fibre, all PUFA, α-linolenic acid, K
(all P< 0·001), total sugars (P= 0·01), linoleic acid
(P= 0·03), niacin (P= 0·05), and vitamins C and D
(P= 0·01) compared with participants from northern and
southern regions.

Foods and food groups
Women reported higher mean intakes of fruits (P= 0·04),
and sugar and sweets, and lower intakes of refined grains,
red meat (all P < 0·001), potatoes, poultry (both P= 0·05)
and processed meats (P= 0·03) than men in age- and
energy-adjusted models (Table 3). Older participants con-
sumed significantly more vegetables (P< 0·001), vegetable

products and whole grains (both P = 0·01), fish and sea-
food (P< 0·001), legumes and pulses (P= 0·01), and liquid
fats and oils (P = 0·01), and less sugar and sweets, sugar-
sweetened beverages (SSB), processed meats (all
P < 0·001) and solid fats (P= 0·03) compared with the
youngest age group. Participants from the high-SES group
consumed significantly higher mean amounts of whole
grains, processed meat (both P= 0·01) and SSB
(P< 0·001), and significantly lower amounts of vegetables,
liquid oils, eggs, fish and seafood (all P= 0·01; Table 4).
Participants in urban areas consumed lower quantities of
vegetables, legumes and fruit products (P= 0·01), potatoes
(P= 0·02) and liquid oils (P< 0·001), and more nuts and
seeds (P< 0·001) compared with those in non-urban areas,
while participants from the southern parts of the country
consumed less fruits, vegetables, poultry, nuts and seeds
(all P= 0·01), fruit products (P= 0·04), potatoes
(P= 0·05), high-fat dairy (P= 0·03), liquid oils and eggs
(both P< 0·001), and more processed meats, solid fats,
SSB (all P = 0·01) and whole grains (P< 0·001), compared
to people residing in northern and central parts.

Prime Diet Quality Score
ThemeanPDQSwas 15·8 (Table 5),with a rangeof 7–28 (out
of possible 42 points). Therewere no differences in diet qual-
ity by sex or place of residence. In energy-adjusted models,
SES (P= 0·04) and tertile of household spending (P= 0·002)
were inversely associated with the PDQS. These differences
did not persist in the multivariable-adjusted models. Diet
quality varied strongly by age group, with persons in the
highest age group having, on average, a 2·5-point higher
PDQS compared with the youngest category (P< 0·0001).
Geographic location was also significantly associated with
the PDQS, with participants from the north having a mean
PDQS that on average was 1·4 points higher compared with
those from the south (P< 0·0001). Married/cohabitating indi-
viduals had a 1·4-point higher PDQS than single participants
(P= 0·02). Participants in higher BMI categories reported
having higher diet quality compared with those with lower
BMI (P= 0·04). Finally, CVD (in energy-adjusted models,
P= 0·009) and type 2 diabetes (in multivariable-adjusted
models, P= 0·03) were directly associated with diet quality.
Evaluation of the contribution of individual fruit and
vegetable PDQS components revealed low intakes of dark
orange fruits and vegetables (consumers: n 60 or 7 %), dark
green leafy vegetables (n 138 or 16%) and citrus fruits
(n 174 or 20%). Overall, our results did not change
considerably after adjusting for the season effects (data
not shown).

Discussion

In the present cross-sectional study of diet quality among
adults in B&H we found generally poor diet quality as
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Table 2 Socio-economic and geographic variations in nutrient intakes among adults in the Bosnia and Herzegovina dietary survey (2017)

Socio-economic status (SES)* Place of residence† Geographic location‡

Low SES
(n 293)

Medium SES
(n 498)

High SES
(n 62)

P value§

Urban
(n 373)

Non-urban
(n 480)

P value§

North
(n 587)

South
(n 266)

P value§Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

Energy (kJ) 8975‖ 281·2‖ 9079 243·1 8113 531 0·30 8820 277·4 9088 223·4 0·14 8929 213·4 9054 308·8 0·84
Energy (kcal) 2145 67·2 2170 58·1 1939 127 0·30 2108 66·3 2172 53·4 0·14 2134 51·0 2164 73·8 0·84
Macronutrients
Carbohydrate (g) 267 4·0 268 3·7 239 10·0 0·20 267 3·2 264 4·0 0·47 268 2·9 260 5·5 0·27
Protein (g) 79·1 1·4 78·3 1·0 80·8 3·6 0·77 78·8 1·1 78·8 1·2 0·90 78·9 1·0 78·7 1·5 0·69
Total fat (g) 89·6 1·7 87·1 1·3 99·8 4·0 0·53 89·4 1·5 88·5 1·5 0·71 88·6 1·2 89·5 1·9 0·70
Fibre (g) 25·9 0·6 22·7 0·5 18·0 1·4 <0·001 22··1 0·5 24·7 0·6 0·01 25·2 0·5 20·5 0·6 <0·001
Total sugars (g) 72·3 2·9 71·4 2·5 66·1 7·1 0·85 72·2 2·8 70·8 2·5 0·63 76·1 2·1 63·1 3·2 0·01
MUFA (g) 26·6 0·7 26·4 0·5 31·6 1·8 0·17 27·2 0·5 26·5 0·6 0·39 26·7 0·4 27·0 0·8 0·91
SFA (g) 28·5 1·0 28·6 0·6 32·2 2·1 0·24 29·7 0·8 28·0 0·7 0·10 28·5 0·7 29·2 0·8 0·43
PUFA (total) (g) 23·0 0·8 19·8 0·6 20·9 2·3 0·01 20·0 0·7 22·0 0·7 0·03 22·4 0·5 18·9 0·9 <0·001
PUFA (n-3) (g) 0·79 0·1 0·66 0·1 0·7 0·1 0·06 0·70 0·4 0·72 0·1 0·72 0·81 0·1 0·56 0·1 <0·001
DHA+ EPA (mg) 44·2 5·5 35·7 3·8 50·7 18·5 0·53 40·9 4·6 38·9 4·3 0·80 46·7 4·3 29·0 4·2 0·01
α-Linolenic acid (mg) 146 29·5 68·5 15·6 17·7 16·4 <0·001 67·8 17·7 97·1 19·5 0·19 167 14·0 22·2 9·2 <0·001
Linoleic acid (mg) 18·8 0·7 15·4 0·6 16·8 2·2 0·01 15·6 0·6 17·7 0·7 0·02 17·5 0·5 15·4 0·9 0·03
Cholesterol (mg) 264 10·0 255 10·2 256 27·0 0·52 260 11·0 257 9·3 0·79 262 8·8 251 12·0 0·45

Minerals
Ca (mg) 771 24·0 766 20·3 712 57·0 0·43 796 19·4 740 21·5 0·05 749 17·7 795 28·0 0·16
Mg (mg) 307 6·8 291 5·0 304 17·3 0·19 293 4·8 303 6·1 0·20 300 4·7 294 8·0 0·48
P (mg) 1147 27·7 1138 21·0 1149 50·0 0·81 1157 23·4 1131 22·0 0·45 1124 18·3 1177 31·0 0·17
Se (μg) 72·9 2·8 71·1 2·1 60·3 5·3 0·06 67·2 2·0 74·2 2·5 0·02 73·0 1·9 67·3 3·0 0·06
K (mg) 3025 67·0 2809 55·0 2552 170 0·01 2762 63·5 2965 56·1 0·02 3007 52·8 2632 66·0 <0·001
Fe (mg) 13·4 0·3 12·7 0·3 10·7 0·7 0·01 12·5 0·3 13·1 0·3 0·18 13·1 0·2 12·3 0·4 0·07
Zn (mg) 9·7 0·3 10·2 0·3 8·9 0·6 0·93 9·7 0·3 10·1 0·3 0·29 9·7 0·2 10·3 0·4 0·17
Na (mg) 2917 65·2 2944 55·1 2940 176 0·91 2908 54·0 2953 59·5 0·49 2900 45·9 2999 90·1 0·37

Vitamins
β-Carotene (μg) 1114 82·6 1018 73·9 944 168 0·20 982 72·0 1105 76·0 0·27 1098 64·7 962 90·1 0·21
Vitamin A (μg RE) 485 18·6 475 23·5 413 28·7 0·17 471 17·0 477 23·0 0·88 494 18·4 439 24·4 0·06
Thiamin (mg) 1·2 0·1 1·3 0·1 1·1 0·1 0·97 1·3 0·1 1·3 0·1 0·99 1·2 0·1 1·3 0·1 0·55
Riboflavin (mg) 1·4 0·1 1·4 0·1 1·4 0·1 0·85 1·4 0·1 1·4 0·1 0·28 1·4 0·1 1·3 0·1 0·10
Niacin (mg) 19·8 0·7 20·6 0·5 22·8 2·6 0·21 21·0 0·5 20·0 0·6 0·23 21·0 0·5 19·3 0·7 0·05
Vitamin B6 (mg) 1·3 0·1 1·4 0·1 1·4 0·1 0·43 1·3 0·1 1·3 0·1 0·63 1·4 0·1 1·3 0·1 0·38
Vitamin B12 (μg) 3·8 0·2 3·9 0·2 3·6 0·4 0·80 3·8 0·2 3·9 0·2 0·52 3·9 0·2 3·8 0·3 0·73
Folate (μg) 291 12·8 287 8·6 283 41·3 0·73 285 10·3 291 10·0 0·67 296 9·1 274 13·0 0·15
Vitamin C (mg) 92·5 6·1 73·2 4·2 67·2 10·2 0·01 76·0 3·9 83·3 5·3 0·28 88·8 4·3 64·9 5·1 0·01
Vitamin D (μg) 4·1 0·3 3·3 0·2 3·6 0·5 0·03 3·8 0·2 3·5 0·2 0·35 4·0 0·2 3·1 0·2 0·01
Vitamin E (mg) 20·3 0·9 17·5 0·6 16·6 1·2 0·01 17·4 0·5 19·4 0·7 0·02 18·7 0·4 18·2 1·1 0·61

*SES is a composite measure composed of the total household consumption category standardized using the Organisation for Economic Co-operation and Development-modified equivalence scale and the highest educational attainment of
the head of household.
†‘Urban’ includes settlements in Bosnia and Herzegovina that have been awarded a ‘city’ status. ‘Non-urban’ includes all other settlements, including semi-urban areas.
‡‘North’ refers to central and northern parts of the country, mainly Bosnian municipalities; ‘south’ to Herzegovinian municipalities.
§P values for homogeneity of means estimated by the linear trend test (SES) and the Wald F test (place of residence, geographic location).
‖Data are presented as geometric means and SE (adjusted for sex, age and energy intake).
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measured by the PDQS across all subgroups of our sample,
and this was largely characterized by low intakes of
nutrient-rich fruits and vegetables, low-fat dairy, fish, and
nuts and seeds, and high intakes of processed meats and
refined grains. We also observed that the diet quality of
Bosnian adults varied significantly by age, geographic loca-
tion, BMI, type 2 diabetes status and marital status, but con-
trary to our initial hypothesis, did not vary by markers
of SES.

Our results regarding all three levels of analysis, includ-
ing nutrients, food groups and dietary pattern, suggested
that diet quality among young and middle-aged persons
is lower compared with those in the older age group.
One possible explanation for this finding is that older par-
ticipants may have changed their diet as a result of disease,
not to prevent it, given the high prevalence of chronic dis-
ease in this sample. However, our results did not change
after adjusting for chronic disease in our models. An alter-
native explanation could be that older individuals are more
immune to the nutrition transition occurring in the country
compared with younger people. We also found significant
differences in overall diet quality by geographic location,
with the participants living in the south having poorer
dietary habits than those living in northern and central
parts. Low intakes of n-3 fatty acids in this group were

especially worrisome given their role in prevention of
CVD(28,29). This is surprising, as participants from the south
would be expected to have more access to fresh produce
and fish and dietary habits that are thought to resemble
those of a Mediterranean diet. However, studies(14,30)

have found similar changes in dietary habits in other
Mediterranean areas, where olive oil and fish were being
replaced by solid fats and red meat. Also, the HBS
2007(17) found that households that produced fruits and
vegetables had significantly lower consumption of fresh
produce compared with those that purchased them.
Therefore, a possible explanation for our findings could
be that participants living in the south tend to sell the fruits
and vegetables they produce to purchase less healthy
foods, such as SSB and processed meats, for their own
consumption.

Diet quality measured by the PDQS was inversely asso-
ciated with SES in the energy-adjusted models, but these
associations were no longer significant after adjusting for
covariates. While the PDQS was slightly higher as the level
of education of the head of household increased, diet qual-
ity score was lower with higher household spending. Our
SES findings can, to some extent, be explained by the socio-
economic history of the country. First, correlations between
education level and wealth have traditionally not been as

Table 3 Demographic variations in intakes of selected foods among adults in the Bosnia and Herzegovina dietary survey (2017)

Food/food group

Sex* Age group†

Male
(n 371)

Female
(n 482)

P value‡

18–40 years
(n 241)

41–60 years
(n 384)

≥61 years
(n 228)

P value‡Mean SE Mean SE Mean SE Mean SE Mean SE

Fruits (g/d) 327 27·8 400 22·5 0·04 324 28·8 357 29·7 410 31·4 0·06
Fruit products (g/d) 24·7 8·3 23·0 6·0 0·74 10·9 7·5 26·3 8·1 34·3 8·1 0·53
Vegetables (g/d) 271 18·6 261 18·8 0·51 188 16·7 266 16·2 346 33·8 <0·001
Vegetable products (g/d) 54·9 5·2 55·6 5·2 0·91 47·4 7·2 48·1 8·3 71·6 12·0 0·01
Whole grains (g/d) 68·3 14·1 86·7 18·5 0·10 65·2 16·2 57·4 10·0 110 18·4 0·01
Refined grains (g/d) 496 19·2 431 21·0 <0·001 466 23·2 477 17·4 446 25·9 0·33
Potatoes (g/d) 141 13·0 128 12·0 0·05 138 13·9 116 11·8 130 19·8 0·56
Red meat (g/d) 153 14·1 104 8·9 <0·001 118 12·6 133 11·9 134 17·3 0·41
Processed meat (g/d) 65·8 6·5 53·7 6·7 0·03 78·1 8·7 59·8 7·4 41·3 6·1 <0·001
Poultry 102 10·0 80·8 9·2 0·05 99·0 11·3 93·4 10·7 81·3 12·9 0·23
Fish and seafood (g/d) 23·4 5·8 19·4 5·8 0·15 18·4 5·6 9·8 2·5 36·0 12·8 <0·001
High-fat dairy (ml/d)§ 232 19·0 247 20·8 0·59 218 20·8 235 22·9 266 28·0 0·13
High-fat dairy (g/d)‖ 103 7·6 103 7·4 0·83 94·3 7·7 112 8·6 102 9·6 0·45
Low-fat dairy (ml/d)§ –¶ – – – – – – –
Low-fat dairy (g/d)‖ – – – – – – – –
Nuts and seeds (g/d) 7·9 2·0 8·5 1·3 0·95 9·7 1·8 5·8 1·3 9·1 2·7 0·25
Legumes and pulses (g/d) 33·4 6·8 31·1 5·2 0·52 24·9 6·0 26·3 4·1 45·5 8·9 0·01
Eggs (g/d) 67·0 6·9 64·4 5·2 0·43 61·8 8·3 67·4 5·9 67·8 6·5 0·50
Sugar and sweets (g/d) 81·2 6·5 107·3 6·5 <0·001 131 9·7 76·6 5·7 75·6 7·3 <0·001
Solid fats (g/d) 13·1 1·8 13·0 1·7 0·85 15·3 2·3 11·5 1·8 12·2 2·1 0·03
Liquid fats and oils (ml) 42·1 1·9 44·1 2·0 0·08 39·7 2·3 43·8 2·1 45·9 2·6 0·01
Sugar-sweetened beverages (ml) 167 26·0 169 22·8 0·99 280 33·8 113 18·4 108 27·1 <0·001

*Age- and energy-adjusted mean and SE.
†Sex- and energy-adjusted mean and SE.
‡P values for homogeneity estimated by the Wald χ2 and a trend test for subgroup effect with a Gamma distribution
§Milk, yoghurt and other dairy drinks.
‖Solid dairy products (except butter and ghee).
¶Foods consumed by very few participants.
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Table 4 Socio-economic variations in intakes of selected foods among adults in the Bosnia and Herzegovina dietary survey (2017)

Food/food group

Socio-economic status (SES)* Place of residence* Geographic location*

Low SES
(n 293)

Medium SES
(n 498)

High SES
(n 62)

P value†

Urban
(n 373)

Other
(n 480)

P value†

North
(n 587)

South
(n 266)

P value†Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

Fruits (g/d) 382 30·2 357 22·2 292 55·2 0·20 388 25·1 342 23·8 0·15 406 22·0 280 25·0 0·01
Fruit products (g/d) 33·0 10·2 19·4 5·9 12·6 5·4 0·66 12·9 3·5 33·1 8·7 0·01 29·5 6·9 13·9 6·8 0·04
Vegetables (g/d) 297 23·7 245 14·5 241 20·6 0·01 238 15·6 285 18·1 0·01 279 17·4 237 14·6 0·01
Vegetable products (g/d) 53·8 8·0 54·0 7·1 60·0 11·7 0·76 53·0 6·4 55·1 7·4 0·65 56·0 6·2 50·8 9·3 0·53
Whole grains (g/d) 71·0 15·4 73·1 10·9 110 22·0 0·01 71·6 7·9 77·4 13·8 0·42 59·1 8·7 105 21·4 <0·001
Refined grains (g/d) 463 16·7 477 17·7 385 43·0 0·58 464 16·0 466 17·4 0·27 458 12·1 479 27·8 0·12
Potatoes (g/d) 136 13·5 126 11·5 72·2 16·4 0·06 109 12·4 139 11·0 0·02 136 11·2 107 11·1 0·05
Red meat (g/d) 123 12·5 131 10·4 150 35·0 0·19 124 10·6 133 11·3 0·16 124 8·9 139 14·9 0·10
Processed meat (g/d) 45·3 7·3 67·6 5·8 77·7 15·8 0·01 69·8 6·0 51·6 6·4 0·19 49·5 5·2 78·8 8·3 0·01
Poultry 98 11·6 84·1 8·4 104 19·8 0·51 85·0 8·0 95·8 9·8 0·22 104 8·2 65·6 10·5 0·01
Fish and seafood (g/d) 25·4 8·9 15·4 3·3 19·8 11·0 0·01 18·9 4·5 20·2 6·1 0·75 21·4 5·7 16·3 4·3 0·33
High-fat dairy (ml/d)‡ 267 23·0 228 17·7 192 30·8 0·04 233 17·8 247 19·5 0·20 258 16·6 207 22·6 0·03
High-fat dairy (g/d)§ 109 8·9 102 6·3 88·2 14·0 0·19 110 7·1 99·0 6·9 0·49 104 6·4 103 8·1 0·70
Low-fat dairy (ml/d)‡ –‖ – – – – – –
Low-fat dairy (g/d)§ – – – – – – –
Nuts and seeds (g/d) 8·2 1·7 6·6 1·2 16·0 8·5 0·12 10·4 2·0 6·0 1·2 <0·001 9·2 1·3 5·4 2·1 0·01
Legumes and pulses (g/d) 33·5 5·6 30·3 5·3 29·0 13·1 0·44 24·4 4·0 37·0 5·8 0·01 30·5 4·1 33·4 7·4 0·28
Eggs (g/d) 73·8 7·3 62·6 5·3 45·9 8·4 0·01 65·2 5·6 66·3 5·8 0·63 74·0 5·4 50·0 5·9 <0·001
Sugar and sweets (g/d) 88·8 6·8 94·2 6·3 107 17·4 0·06 103 8·0 85·4 4·8 0·15 98·1 5·6 82·7 7·5 0·85
Solid fats (g/d) 12·6 1·6 12·3 0·9 21·0 5·0 0·05 14·2 2·0 11·9 1·6 0·09 11·2 1·3 16·0 2·4 0·01
Liquid fats and oils (ml) 51·0 2·3 38·3 1·4 37·7 3·9 <0·001 38·1 1·4 47·2 1·9 <0·001 47·0 1·6 35·9 1·9 <0·001
Sugar-sweetened beverages (ml) 132 23·1 179 23·6 195·8 40·7 0·01 172 18·3 155 14·5 0·94 149 20·5 189 27·7 0·01

*Age-, energy- and sex-adjusted mean and SE.
†P values for homogeneity of means estimated by the Wald χ2 test and a trend test for subgroup effect with a Gamma distribution.
‡Milk, yoghurt and other dairy drinks.
§Solid dairy products (except butter and ghee).
‖Foods consumed by very few participants.
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strong in socialist countries as in capitalist economies(31,32).
Second, an economic transition from a planned to market
economy in the 1990s followed by 4 years of armed conflict
led to major demographic and economic changes in form
of internal and external migrations, loss of wealth and the
post-war accumulation of profits among less-educated
groups(33). Lower diet quality among persons in the high

SES category is in line with the nutrition transition patterns
observed in low- andmiddle-income countries where high-
income individuals are first to be hit by the transition(6).
Recent internal migrations could explain why the present
study did not find any significant differences in rural v.
urban overall diet quality. It is plausible that, as people
migrated from rural to urban areas leaving lands behind

Table 5 Predictors of diet quality measured by the Prime Diet Quality Score (PDQS) among adults in Bosnia and Herzegovina (2017)

Characteristic

PDQS, energy-adjusted
(n 836)

PDQS, covariate-adjusted
(n 836)*

Mean SE Mean SE

Sex
Male 15·8 0·2 15·7 0·3
Female 15·8 0·2 15·9 0·3
P value for sex effect† 0·9 0·52

Age group
18–40 years 14·7 0·3 14·5 0·3
41–60 years 16·0 0·2 16·0 0·3
≥61 years 17·2 0·3 17·0 0·4
P value for age effect† <0·0001* <0·0001*

Socio-economic status (SES)
Low SES 16·2 0·2 15·9 0·3
Medium SES 15·5 0·2 15·5 0·2
High SES 15·4 0·7 16·1 0·7
P value for SES effect† 0·04* 0·57

Household spending
Tertile 1 (lowest) 16·2 0·2 16·2 0·3
Tertile 2 16·0 0·2 16·0 0·3
Tertile 3 15·1 0·2 15·5 0·3
P value for household spending effect† 0·002* 0·09

Educational attainment of the household head
<12 years 16·0 0·3 15·5 0·3
12 years 15·7 0·2 15·6 0·2
>12 years 16·0 0·6 16·6 0·5
P value for education effect† 0·49 0·86

Place of residence
Urban 15·7 0·2 15·8 0·3
Non-urban 15·9 0·2 15·8 0·3
P value for education effect† 0·55 0·90

Geographic location
North (Bosnia) 16·3 0·2 16·5 0·3
South (Herzegovina) 14·8 0·3 15·1 0·3
P value for geographic location effect† <0·0001* <0·0001*

BMI (kg/m2)
<25·0 15·2 0·3 15·5 0·3
25·0–29·9 15·5 0·2 15·6 0.3
≥30·0 17·2 0·3 16·6 0·4
P value for BMI effect† <0·0001* 0·04*

Marital status
Single 14·0 0·4 14·8 0·5
Married 16·1 0·2 16·1 0·3
Divorced/widowed 16·7 0·4 15·7 0·4
P value for marital status effect† <0·0001* 0·02*

CVD
Yes 16·6 0·3 15·7 0·4
No 15·6 0·2 15·9 0·3
P value for CVD status effect† 0·009* 0·71

Type 2 diabetes (T2D)
Yes 17·6 0·5 16·8 0·5
No 15·7 0·2 15·7 0·3
P value for T2D status effect† <0·0001 0·03*

*Adjusted for total energy intake (continuous), sex (male, female), age group (18–40, 41–60,≥61 years), SES (tertiles; except for education subgroups, which are adjusted for
tertile of household spending, and household spending subgroups, which are adjusted for the educational attainment of the head of household (<12 years, 12 years, >12
years)), place of residence (urban, non-urban) and geographic location (Bosnia/north or Herzegovina/south).
†P values for homogeneity estimated by the Wald F test (for sex, place of residence, geographic location and marital status, using Tukey correction to adjust for multiple
comparisons for marital status) and trend test (for age, SES, household spending, education and BMI) in multivariate linear regression analyses, adjusted for covariates
listed above.
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and accumulating wealth, the adoption of Western dietary
patterns increased(4,34). As the nutrition transition in the
country progresses, however, it may become more evident
that the urban poor are at highest risk of eating poor diets
and having adverse health outcomes, as documented over
the past few decades in other countries(35).

Higher diet quality score among married/cohabitating
participants reaffirms the importance of marital status in
promoting healthy dietary behaviour(36,37). Together with
the data on diet quality variation by age group it also under-
lines the importance of teaching cooking skills to the youn-
ger population so that theywill be able to prepare their own
healthy meals when they leave the family home(38). Obese
individuals in our cohort tended to report eating healthier
diets compared with those with a normal BMI. One pos-
sible explanation for this is that obese individuals made
dietary changes in order to lose weight. Since our study
was cross-sectional, these findings may be prone to reverse
causality(39). Alternatively, it is entirely possible that people
with higher BMI tended to have higher PDQS because they
tended to eat larger quantities of food from all the food
groups. While we attempted to control for total energy
intake to account for this bias, there may be residual con-
founding that is still driving this association. Finally, it does
not surprise that persons with diabetes had higher diet
quality scores compared with healthy individuals given
dietary modifications are a part of routine medical treat-
ment for this condition(40).

Whilemorework is needed before the PDQS is validated
for use with 24 h recall data and as a standalone data collec-
tion tool, it is promising to see that it is in concordance with
the nutrient-based and food-based findings. For example,
participants in the highest age group reported consuming
more vegetables, whole grains, fish, legumes and oils,
and less processed meat, solid fats, sweets and SSB, and
were awarded significantly more PDQS points compared
with younger participants. They also reported lower intakes
of sugar, K, Na and Ca and higher intakes of β-carotene
compared with younger groups(25). Similarly, participants
living in the south reported consuming less fibre, n-3 and
n-6 fatty acids, K, thiamin, niacin, and vitamins C andD, fruit
and vegetables, poultry, nuts and oils, and more processed
meats, solid fats and SSB than those living in the northern
and central parts of the country, and the PDQS was able
to distinguish between these two groups well.

Food-based analysis indicated very high intakes of
refined grains (white bread, pastries and rice), high-fat
dairy, processed meats and low intakes of whole grains,
nuts and fish across all groups. Mean intakes of fruits
and vegetables were above the WHO recommendation(41)

and liquid oils were used more than solid fats. This, how-
ever, does not necessarily imply adequate intakes among
all participants. The analysis of the individual PDQS fruit
and vegetable components indicated the need for consum-
ing a higher variety of fruits and vegetables by including
more citrus fruits, dark green leafy vegetables, and dark

orange fruits and vegetables. Nutrient-based analysis sug-
gested that mean intakes of some of the key nutrients com-
monly found in fruits, vegetables and seafood (e.g. fibre
among high SES, β-carotene, vitamin C and all PUFA)(42,43)

were below the WHO recommendations, while intakes of
SFA and Na were beyond recommended intakes(41,44); these
data support our findings using the PDQS.

Limitations of our study should be considered. First, we
inevitably have some level of measurement error in both
dietary and socio-economic variables, as both were based
on self-report. This source of error is, however, expected
to be largely random, producing valid estimates for the pop-
ulation as a whole just with somewhat higher SE. While we
did find a systematic error by one of the interviewers (who
collected data from nineteen persons before leaving the
study) and excluded these observations from our analysis,
our findings, with the exception of mean energy intakes,
did not change notably. Second, the education level of the
female who is usually in charge of food preparation may
be more relevant than that of a male head of household(3).
Unfortunately, wewere unable to evaluate the impact of this
variable on participant diet quality as there were too few
female participants in our sample with high levels of educa-
tion. Among the strengths of the present study is that it links
standard socio-economic data with dietary data and allows
analysis of diet quality by SES indicators. Further, it included
a sample representative of the FB&H’s adult population and
a sample similar to the B&H’s general adult population
across multiple strata (see online supplementary material,
Supplemental Table S3). Thus, the study findings may be
generalized to the whole population of adult men and
non-pregnant, non-breastfeeding women in FB&H, and
likely to the entire B&H. While the cross-sectional nature
of the study did not allow for a longitudinal evaluation of
these indicators on dietary intakes and diet quality, it will
serve as an anchor for future trend analyses once several
cycles of dietary intakes are obtained.

Low diet quality across all demographic and socio-
economic indicators was evident in this sample of adults
from B&H, with even lower quality diet scores recorded
among younger participants and those living in the south.
Overall diet quality score could be improved by incorporat-
ing into meals some locally available, highly nutritious, yet
in our sample neglected foods such as carrots, collard
greens, trout, sardines, mackerel, walnuts, rye and buck-
wheat. Future research should address reasons behind
dietary choices among populations identified as being at
elevated risk of inadequate diets.
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