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Abstract

Objectives Dietary surveys are essential for guiding national efforts to reduce the burden of non-communicable disease,
but individual-level dietary data are lacking in many low- and middle-income countries. We aimed to estimate the
prevalence of inadequate and excessive intakes of specific nutrients in Bosnia and Herzegovina.

Methods A dietary survey among 853 adults using two 24-h recalls.

Results The majority of men (73%) and women (66%) were overweight/obese, and > 50% of participants had elevated
blood pressure. Low intakes of N-3 polyunsaturated fatty acids, specifically o-linolenic acid (men: 94.4 mg/day among,
women: 96.6 mg/day) and DHA + EPA (men: 18.2 mg/day, women: 16.0 mg/day), low fiber intake (women: 21.5 g/day),
and high sodium (men: 3244 mg/day, women: 2291 mg/) and saturated fatty acids intakes (men: 29.2 g/day) were reported.
There was also a suggestion of low intakes of vitamins A, B6, C and D (in both sexes), and of riboflavin, folate, B12 and
calcium (in women).

Conclusions Our findings provide initial evidence on the Bosnian population’s dietary habits and identify aspects that need
attention. As the survey evolves into a continuing surveillance system, it will allow evaluation of dietary changes over
time.

Keywords Diet survey - Nutrition assessment - Nutrient intake - Low- and middle-income countries - SFA -
PUFA - Usual nutrient intakes

Introduction

Dietary factors account for more deaths and disease glob-
ally than smoking, drugs, alcohol use and unsafe sex
combined (Ezzati and Riboli 2013; Forouzanfar et al.
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2015). Hence, a national dietary surveillance system is a
critical element for effective and efficient efforts to prevent
premature mortality and reduce burden of disease. Dietary
surveys enable governments to monitor population intakes
of nutrients and foods, identify disparities among popula-
tion subgroups, detect areas of concern, plan policies and
interventions, and monitor the effectiveness of these
interventions. Individual-level dietary data, when con-
verted to nutrients using a local food composition database,
provide important insights into intakes that are inadequate
(e.g., iron, folate or polyunsaturated fatty acids/PUFAs) or
excessive (e.g., sodium, sugar or saturated fatty acids/
SFAs) for well-being and prevention of non-communicable
diseases (NCDs) (WHO/FAO 2002). Furthermore, these
data allow for analyses of heterogeneity of dietary quality
by demographic and socioeconomic indicators, enabling
policymakers to focus more closely on populations at risk
and help reduce heath inequalities. The UN’s Secretary-
General’s Independent Expert Advisory Group (IEAG), the
WHO Europe and the Rome Declaration on Nutrition
signatory governments have called member states to
undertake action toward strengthening and expanding their
surveillance capacities, including those in diet and nutrition
(UNIEAGS 2014; FAO 2014; WHO 2014). Recent global
and Europe-wide reviews (Lachat et al. 2013; Huybrechts
et al. 2017; Rippin et al. 2017) indicated a lack of dietary
surveys and policy responses in many low- and middle-
income countries (LMICs) and specifically in the Central
and Eastern Europe Countries (CEECs). One barrier to
conducting such surveys has been the cost of implementing
them and a lack of adequate food and nutrition research
infrastructure. Over the past decade, there have been
regional initiatives for strengthening research capacities
and nutrition surveillance systems in the CEEC and the
Balkans that included creation of the Balkans food com-
position database and development of a dietary assessment
software (Gurinovic et al 2016a).

Bosnia and Herzegovina (B&H), a middle-income
country in the CEEC, has not historically had a system for
periodic monitoring of population dietary intake. The
Global Burden of Disease, in part using imputed data
(Powles et al. 2013; Micha et al. 2014), and the Bosnian
Health Survey from 2012 (ZJZFBiH 2012) suggested high
intakes of sodium, saturated fats, refined grains, dairy and
sweets, and low intakes of whole grains, fruits, vegetables,
fish and nuts among the adult population. Health statistics
(FMHFBIH/IPHFBIH 2012; WHO 2015a, b) indicate
B&H is at an advanced stage of epidemiologic transition:
Cardiovascular diseases (CVDs) account for over 50% of
all deaths, type 2 diabetes and diet-related cancer rates are
increasing, and over one half of adults are either over-
weight or obese. The first dietary population-based survey
of the adult population in the Federation of B&H was
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conducted in collaboration with the Institute for Statistics
of the Federation of B&H. The overall goal of this col-
laboration was to develop an efficient survey method that
could be used in follow-up surveys. In this study, we aimed
to evaluate nutrient intakes among the country’s adult
population and estimate the prevalence of inadequate and
excessive intakes of specific nutrients.

Methods
Study design and population

A dietary survey was conducted among the adult popula-
tion of the Federation of B&H using a two-stage cluster
sample of 980 households, drawn as a subsample of units
participating in the 2015 Household Budget Survey (BHAS
2015). One male and one female per household were
invited to participate in the study between December 2016
and December 2017. Seeking to develop a sustainable
surveillance model, we aimed for a modest sample size of
adults (18+ years of age) that was large enough to achieve
5-10% standard error or less of the mean intake for each
nutrient of interest (Willett 2012a). For the majority of
nutrients, such precision can be achieved with sample sizes
of 100-250 individuals. (Vitamin A requires larger sample
sizes due to high variability.) A sample size close to 1000
would hence provide good precision for the overall sample
and reasonable precision for subgroups defined by age-
groups (18-40, 41-60, and > 60), gender, urban/rural res-
idence or other characteristics. The final sample included
853 individuals from 613 households (371 men and 482
women, household response rate = 66%) and was repre-
sentative of the general adult population in the FB&H in
terms of sex, age, geographic location (north/south) and the
place of residence (urban/rural) (Supplementary Table 1).

Data collection

We used 2 days of 24-h recall (the first one collected at the
household visit and the second one over the phone
4-30 days later) with a multiple-pass-method approach
(Blanton et al. 2006) to collect dietary data. Dietary recalls
were collected uniformly across all four seasons with a
weekday-to-weekend ratio of 70:30. To determine intake
quantities, we used DIET ASSESS Food Atlas (Gurinovic
et al. 2016b; Nikolic et al. 2018), which uses color 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 phone interviews. Demographic, life-
style, anthropometric and chronic disease data were col-
lected during the home visit using an interviewer-
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administered questionnaire. While anthropometric data
were self-reported, participants were given instruments
(measuring tapes and scales) and verbal and illustrated
instructions to take these measures themselves during the
interview. Self-measured waist and hip circumference was
successfully validated by comparison with interviewer
assessment on a subsample of 87 persons. Intra-class cor-
relation coefficients between participant and interviewer
measures were 0.97 (p < 0.0001) for waist and 0.91
(p < 0.0001) for hip circumference. Blood pressure was
measured using an automated M6 Comfort Omron device,
validated for epidemiological research (Topouchian et al.
2014; Marazzi et al. 2012). The study protocol was
approved by both the Ethics Committee of the Public
Health Institute of the Federation B&H and the Harvard
T.H. Chan School of Public Health’s Office of Human
Research Administration.

Statistical analysis

To convert dietary data to nutrients, we used DIET
ASSESS and PLAN (Gurinovic et al. 2016b) and the
Balkans Food Composition Database (FCDB). Prior to the
analysis, we performed a thorough revision and update of
the FCDB for all required nutrients, adding any new food
items (commodities and local recipes) using analytical
data, other country nutrient databases, local cookbooks,
and industry data. Data on trans-fatty acids and free/added
sugars were not available in the database; hence, we
excluded these nutrients from our analyses. Dietary outliers
were detected using the %esd macro for performing gen-
eralized extreme Studentized deviate many-outlier detec-
tion (Rosner 1983). The method is designed to identify
extreme values while overcoming the problem of masking
that occurs when two outliers are close to one another. All
extreme values were individually checked and any identi-
fied data errors corrected as appropriate. We performed
sensitivity analyses by excluding the extreme values for
each log-transformed nutrient where such values were
detected and compared the results to those from the full
sample. The extreme values were found for MFA, linoleic
acid (LA) and vitamins A, B12 and C (up to twelve values
for each nutrient). Geometric means and standard errors
were estimated using only day 1 data, consistent with
previous nutrition surveys (Moshfegh et al. 2009). We
estimated distributions of usual intake using both days of
data with the National Research Council (NRC) method
(IOM 2003a), a simple approach suitable for use with
ubiquitously consumed dietary components (i.e., nutrients).
Within-person coefficients of variation (CVy) were calcu-
lated as the 100% x Root MSE (Rosner 2011) on the raw
scale, with MSE calculated from ANOVA using the log
scale, and between-person coefficients of variation (CVy)

as a Root(Model MS — MSE) x 100%. Given nutrient
intakes were not normally distributed, log transformation
was applied before partitioning the variance, with subse-
quent back-transformation to calculate usual mean intakes.
Energy-adjusted macronutrient intakes were calculated as a
percentage of total energy intakes and as a nutrient density
(per 1000 kcal) for micronutrients and cholesterol. Esti-
mated values were obtained using PROC SURVEY pro-
cedures in SAS with appropriate weights to account for the
sampling and participation effects. 7 and F tests were used
in PROC SURVEYREG procedure to compare means of
log-transformed energy-adjusted nutrient intakes by sex
and across age-groups.

The European Food Safety Agency’s (EFSA) Dietary
Reference Values (DRVs) for nutrients (EFSA 2017),
specifically the average requirements (ARs), served as cut-
points for identifying proportions of the population at risk
of inadequate/excessive intakes. The probability method,
along with the IOM tables (IOM 2001) of requirement
distribution and probabilities of inadequate intakes, was
employed to calculate inadequacy of iron intakes in women
(IOM 2003a). For nutrients without an AR, adequate
intakes (Als) (for micronutrients) and EFSA-recommended
nutrient intake ranges (IRs) (for fat and carbohydrates)
were utilized instead. While Als cannot serve to estimate
prevalence of inadequate intakes, (IOM 2003b), groups
with mean intakes at or above the Al can be assumed to
have low prevalence of inadequate intakes (EFSA 2010).
As EFSA has not set a DRV for sodium or SFA, we used
the WHO recommendations (WHO 2012).

The proportion of the population with adequate level of
physical activity was defined as having either > 150 min
of moderate or > 75 min of vigorous physical activity per
week, or an equivalent combination of the two (WHO
2010). Among alcohol consumers, we defined light-to-
moderate drinkers as women consuming no more than 7
drinks/week and men consuming 14 drinks/week or less
(USHHS/USDA 2015). High blood pressure in this popu-
lation was defined as either the use of a physician-pre-
scribed antihypertensive drug or having a blood pressure
measurement on site of > 140/90 mmHg. Finally, the
WHO cutoffs were used to estimate the proportions of the
population with high-risk waist circumferences and waist-
to-hip ratios (WHO 2008). All analyses were performed in
SAS 9.4.

Results

Our dietary survey conducted in Bosnia and Herzegovina
included data from 853 adults (Ngay1 = 853, Ngayo = 836).
The majority of participants in this survey had a high
school diploma, medium socioeconomic status (SES), were
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married or living with a partner and did not drink alcohol.
There was a fairly equal distribution of participants across
genders and age-groups as well as those living in urban and
rural settings and those with and without a history of
smoking (Table 1). In this sample, women were on average
less active than men, suffered more from chronic disease,
had a higher prevalence of supplements use and had a

lower prevalence of current smoking and alcohol con-
sumption. The estimated prevalence of high blood pressure
in our sample was slightly higher among men (57%) than
women (51%) (Table 2). Over two-thirds of all participants
were categorized as overweight or obese, with overweight
more common among men, and obesity among women.
High-risk waist circumference was more common among

Table 1 Characteristics of

participants in 2017 Bosnia and Male (n 371) Female (n 482)
Herzegovina dietary survey n % n %

Age

18-40 111 30 130 27

41-60 157 42 227 47

> 60 103 28 125 26
Socioeconomic status (SES)

Low SES 121 32 172 36

Medium SES 218 59 280 58

High SES 32 9 30 6
Residence

Urban 167 45 206 43
Education level

< 12 years (less than high school) 53 14 213 44

12—-14 (high school diploma/some college) 267 72 216 45

> 15 years (higher education diploma) 51 14 53 11
Marital status

Single 61 16 55 11

Married/living with partner 291 78 329 68

Divorced/widowed 19 5 98 20
Smoking status

Never smoker 143 39 265 55

Past smoker 86 23 53 11

Current smoker 142 38 164 34
Alcohol use

Nondrinker 214 58 430 89

Light-to-moderate drinker® 132 36 38 8

Heavy drinker 25 7 14 3
Physical activity®

Activity level below WHO recommendation 86 23 158 33
Chronic disease 113 30 195 40

Diabetes 19 5 38 8

Cardiovascular disease 66 18 122 25
Special diet (yes/no) 17 5 24 5
Supplements’ use® (yes/no) 29 8 82 17

“Up to one drink for women and up to two drinks for men per day (USDA Dietary Guidelines for

Americans 2015-2020)

"The World Health Organization defines sufficient amount of physical activity per week as > 150 min of
moderate-intensity aerobic physical activity throughout the week, or > 75 min of vigorous-intensity aer-
obic physical activity throughout the week, or an equivalent combination of moderate- and vigorous-

intensity activity

“Primarily vitamin C, calcium or magnesium, with less than 2% consuming B complex, vitamin D or omega

3 fatty acids
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Table 2 Hypertension and adiposity, by sex and age, 2017 Bosnia and Herzegovina dietary survey

Sex Age
Male (n 371) Female (n 482) 1840 (n 241) 41-60 (n 384) > 60 (n 228)
Mean or SEor Meanor SEor Meanor SEor Meanor SEor Meanor SE or
n % n % n % n % n %
Hypertension
Systolic blood pressure (mmHg) 134 1.6 129 1.8 121 1.7 134 1.7 144 2.7
(n = 849)*
Diastolic blood pressure (mmHg) 85.1 0.9 84.1 0.9 80.6 1.0 86.6 1.0 87.4 1.1
(n = 849)*
Elevated blood pressure (%) (> 140/ 183 49 189 39 44 18 176 46 152 67
90 mmHg)®
Receiving therapy for hypertension (%)° 74 20 154 32 3 1 90 23 135 59
Estimated prevalence of hypertension® 210 57 245 51 45 19 215 56 195 86
(%)°
Adiposity
Body mass index (n = 851)* 27.3 0.3 26.9 0.5 242 0.4 28.3 0.4 29.5 0.5
Overweight (%) (BMI 25-29.9 kg/m*° 190 51 175 36 89 37 188 49 88 39
Obese (%) (BMI > 30.0 kg/m?)° 83 22 144 30 19 8 113 29 95 42
Central adiposity
Waist circumference (cm) (n = 845)* 94.9 0.9 87.7 1.3 82.8 1.2 94.3 1.0 98.8 14
WC? > 80 cm (F)/> 94 cm (M) (%)° 204 55 331 69 81 34 277 72 177 78
WHR® > 0.85 (F)/> 0.90 (M) (%)" 258 70 246 51 102 42 245 64 173 76
“Mean (SE)
°n (%)

Either blood pressure > 140/90 at the time of measurement, or on antihypertensive medication

dWaist circumference

*Waist-to-hip ratio

women (69% vs. 55% for men) and high-risk WHR among
men (70% vs. 51% for women). Both hypertension and
adiposity prevalence increased with age.

Energy and macronutrients

The percentages of energy from macronutrients were
similar across sexes and age-groups (Table 3). While
consumption of all PUFAs was generally low across sexes
and age-groups, women consumed a significantly higher
percentage of energy from ALA than men (0.04% vs.
0.02%). Women also tended to consume more energy from
sugar (13.0%) than men (10.6%). Participants in the
youngest group had significantly higher energy intakes
from sugar (13.2%) compared to the middle-aged (10.8%)
and the eldest (11.4%) groups. In the usual intakes analysis,
the major type of PUFAs was linoleic acid (LA) with over
89% of participants consuming adequate amounts
(Table 4). On the other hand, we did not identify any
participants with adequate usual intakes of ALA, DHA or
EPA. Almost half of all women (45.8%) and two-thirds of
all men (69.1%) consumed excessive energy from SFA

intake (greater than 10% of energy). Mean fiber intakes
were below the 25 g recommendation among women
(21.5 g). On average, protein intakes in both men and
women were adequate.

Micronutrients

The middle-aged group had the lowest intakes of calcium
(638 mg), selenium (62.7 pg), potassium (2569 mg) and
vitamins A (356 pg), C (614 mg) and D (2.4 ng)
(Table 5). Men had significantly higher usual intakes for
the majority of nutrients unadjusted for energy intake
(Table 6). After adjusting for energy, intakes of magne-
sium, selenium, potassium, vitamins A and B12 remained
significantly higher among men. Prevalence of inadequate
intake of calcium and zinc was 41.2% and 40.7% among
men, and 73.1% and 44.8% among women (Table 4). The
distributions of usual intakes also suggested low con-
sumption of selenium among women, potassium among
men and magnesium among both sexes because mean
intakes were below Als. Reported sodium intake, on the
other hand, was high, with over 90% men, and two-thirds
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Table 3 Macronutrient intakes from foods and beverages: mean amounts® consumed per individual, by sex and age, 2017 Bosnia and Herze-

govina dietary survey

Nutrient Sex Age-group

Males Females 18-40 41-60 > 60

(n 371) (n 482) (n 241) (n 384) (n 228)

Mean® SE Mean SE Mean SE Mean SE Mean SE
Energy (kcal) 2415 89.2 1858 60.0 2517 100 1921 68.9 1870 89.0
Carbohydrate (g) 272 10.9 219 7.8 295 13.4 219.7 8.4 214 10.6
Carbohydrate (% TEI)® 46.3 0.9 48.1 0.9 47.9 1.0 47.0 1.0 46.7 1.3
Protein (g) 85.0 33 63.3 23 85.3 3.7 67.5 2.7 65.1 3.6
Protein (% TEI)® 14.5 0.3 13.9 0.3 13.8 0.3 144 04 14.2 0.4
Total fat (g) 94.3 4.3 70.3 29 97.8 4.6 73.0 3.6 71.9 4.6
Total fat (% TEI)® 36.1 0.8 34.7 0.8 35.7 0.8 35.1 0.9 354 1.2
MFA (g) 28.2 1.4 20.6 0.9 29.1 1.5 21.6 1.0 21.0 1.4
MFA (%TEI)" 11.0 04 10.8 0.3 11.0 0.3 10.9 0.4 10.7 0.6
SFA (g) 28.6 1.5 21.9 1.0 30.1 1.6 227 1.2 21.7 1.6
SFA (%TEI)" 10.8 0.3 10.2 0.3 10.6 0.3 10.4 0.3 10.3 0.5
PUFAs (total) (g) 20.6 1.4 17.3 0.8 229 1.3 16.3 1.1 17.6 1.7
PUFAs (total) (%TEI)" 7.9 0.4 8.5 0.3 8.4 0.4 7.9 0.4 8.6 0.6
Omega 3 PUFAs (g) 0.65 0.1 0.52 0.05 0.71 0.05 0.5 0.1 0.6 0.1
Omega 3 PUFAs (%TEI)" 0.24 0.02 0.25 0.02 0.25 0.01 0.23 0.02 0.27 0.03
DHA+EPA (mg) 15.4 29 11.9 2.2 12.7 2.8 11.5 2.3 19.2 5.6
DHA + EPA (%TEI)" 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
ALA (mg)° 16.7 6.2 38.1 10.6 26.8 10.4 24.8 9.3 254 11.2
ALA (%TEI) 0.02 0.01 0.04* 0.01 0.03 0.01 0.03 0.01 0.03 0.01
LA (g)° 16.4 1.3 13.3 0.8 18.2 1.2 12.5 0.9 13.9 1.5
LA (%TEI)" 6.1 0.4 6.5 0.3 6.5 0.3 59 0.3 6.7 0.6
Cholesterol (mg) 241 14.8 181 11.4 242 18.0 203 12.5 173 17.2
Cholesterol (mg)® 100 5.2 97.6 5.1 95.9 5.5 106 5.8 92.4 8.2
Fiber (g) 239 1.0 21.7*% 0.8 241 1.1 21.8 1.0 22.4% 12
Total sugars (g) 63.7 4.4 60.2 32 81.9 6.3 52.1 32 53.5 4.2
Total sugars (%TEI)" 10.6 0.6 13.0%* 0.6 13.2 0.8 10.8 0.6 11.4% 0.7

*Statistically significant differences in means of log-transformed energy-adjusted nutrients

?Only day 1 data used

As a percentage of the total energy intake
“a-linolenic acid

9Linoleic acid

“Per 1000 kcal

fGeometric mean and standard error calculated using exp(log-mean) of nutrients

of women consuming over the recommended 2000 mg/day
(WHO 2012). Reported B-carotene intakes were strikingly
low, especially in the youngest age-group (622 pg/day).
There was also a high prevalence of inadequate intake of
vitamin A (96.9% among women and 97.4% among men),
vitamin C (66.9% among women and 81.5% among men)
and vitamin B6 (73.2% among men and 81.3% among
women), and mean intakes of vitamin D among both sexes
were generally below the Al. Only among women, there
was also high prevalence on inadequate intake of folate
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(63.9%), calcium (73.1%) and riboflavin (73.8%), as well
as a mean intake of vitamin B12 below the Al.

Variance components, variance ratios

Within-person variation in nutrient intake was higher than
between-person variation for all nutrients, with variance
ratios being the lowest (< 1.5) for energy, carbohydrates,
sugar and fiber, and the highest for vitamin A (6.2 for men
and 5.0 for women), DHA and EPA (4.2 for men), and for
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Table 4 Usual nutrient intakes” from food and beverages compared to the European Food Safety Agency’s’ Dietary Reference Values (DRVs),
2017 Bosnia and Herzegovina dietary survey

Usual nutrient intakes compared Percentiles of usual intake AR Below AR %
to average requirements (AR)°
10th 25th 50th 75th 90th

Vitamin A (ug RE)

Male 388 416 449 485 511 570 97.4

Female 325 354 389 421 452 490 96.9
Thiamin (mg)+

Male 0.9 1.1 1.3 1.5 1.8 0.3/1000 kcal 0.0

Female 0.8 0.9 1.0 1.2 1.3 0.3/1000 kcal 0.0
Riboflavin (mg)

Male 1.0 1.2 1.4 1.7 2.0 1.3 33.7

Female 0.8 0.9 1.1 1.3 1.5 1.3 73.8
Niacin (mg NE)+

Male 14.7 17.3 20.5 24.1 28.1 5.5/1000 kcal 2.5

Female 12.2 13.6 16.2 18.4 21.7 5.5/1000 kcal 2.1
Vitamin B6 (mg)

Male 0.9 1.0 1.3 1.5 1.8 1.5 73.2

Female 0.8 0.9 1.1 1.2 1.4 1.3 81.3
Folate (ug DFE)

Male 188 229 284 345 402 250 34.0

Female 165 189 233 276 319 250 63.9
Vitamin C (mg)

Male 36.8 48.3 64.4 83.0 98.5 90 81.5

Female 43.0 54.3 68.0 88.7 109.1 80 66.9
Calcium (mg)

Male 558 670 814 946 1124 750 41.2

Female 444 522 620 764 862 750 73.1
Iron* (mg)

Male 9.1 11.5 13.2 15.7 19.2 7 0.0

Female 7.8 8.9 10.4 12.1 14.1 4.49-14.39 24.6*
Zinc (mg)++

Male 7.0 8.5 10.3 13.0 15.1 9.4 40.7

Female 54 6.4 7.8 9.1 10.6 7.5 44.8
Protein (g)

Male 59.5 72.7 86.8 97.2 113 0.66 g/ kg of body weight 8.4

Female 46.6 54.0 62.7 73.2 80.8 19.8
Usual nutrient intakes Al Above Al %
compared to adequate intakes (Als) ¢
Vitamin B12 (ug)

Male 1.9 2.6 3.5 5.2 6.5 4 424

Female 1.4 1.8 22 2.7 3.1 4 2.8
Vitamin D (ng)

Male 1.9 2.6 33 4.1 53 15 0.0

Female 1.5 22 2.9 3.6 45 15 0.0
Vitamin E (mg)

Male 11.8 15.1 18.2 21.3 23.9 13 86.6

Female 10.9 12.6 14.7 16.4 19.2 11 89.2
Potassium (mg)

Male 2178 2566 2948 3435 3827 3500 22.9

Female 1880 2214 2536 2855 3230 2300 66.6
Phosphorus (mg)

Male 882 1042 1213 1431 1600 550 96.8

Female 655 785 930 1094 1246 550 98.4
Magnesium (mg)

Male 230 260 311 362 402 350 31.5
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Table 4 (continued)

Usual nutrient intakes Al Above Al %
compared to adequate intakes (Als) ¢

Female 185 215 248 289 326 300 18.2
Selenium (pg)

Male 50.9 63.7 78.9 97.7 116 70 62.9

Female 37.1 45.7 53.7 63.4 72.2 70 14.2
Fiber (g)

Male 15.1 19.6 23.9 29.2 342 25 55.8

Female 14.2 17.5 21.4 24.8 28.2 25 22.4
DHA + EPA (mg)

Male 6.9 11.2 14.6 23.5 31.5 250 0.0

Female 3.5 6.6 7.5 11.6 21.9 250 0.0
ALA (%E)®

Male 0.01 0.02 0.03 0.05 0.07 0.5 0.0

Female 0.02 0.03 0.04 0.06 0.07 0.5 0.0
LA (%E)

Male 4.0 5.0 6.0 6.9 8.0 4 89.6

Female 4.2 5.0 6.1 7.1 8.2 4 90.8
Usual nutrient intakes IR Within IR %

compared to intake ranges (IR)°

Carbohydrate (%E)®

Male 42.6 44.9 47.7 50.1 52.4 45-60 73.8
Female 432 46.4 49.2 51.6 54.0 45-60 85.6
Fat (%E)¢
Male 30.0 32.7 35.2 38.0 39.2 20-35 48.0
Female 29.5 314 34.6 373 39.5 20-35 55.0
Usual nutrient intakes RRI Above RRI %

compared to recommended
reduction of intake (RRI)f

SFA (%E)
Male 8.7 9.7 10.6 11.8 12.5 10 69.1
Female 8.2 8.8 10.1 11.3 12.6 10 45.8
Sodium (mg)
Male 2198 2640 3156 3790 4382 2000 922
Female 1691 1920 2283 2565 2910 2000 69.4

*Calculated using the IOM Distribution of iron requirements for women and the probability approach to inadequate intakes, using ranges for
mixed population in Tables 1-7 (IOM 2001)

“Usual nutrient intakes calculated using the National Research Council (NRC) method and both days of intake
"European Food Safety Authority
°AR—the level of nutrient intake that is adequate for half of the people in a population group, given normal distribution of requirement

JAI—the value estimated when a Population Reference Intake cannot be established because an average requirement cannot be determined. An
adequate intake is the average observed daily level of intake by a population group (or groups) of apparently healthy people that is assumed to be
adequate

°IR—the intake range for macronutrients, expressed as % of the energy intake. These apply to ranges of intakes that are adequate for maintaining
health and associated with a low risk of selected chronic diseases

fRRI—recommended reduction of intake was determined for those nutrients which have been known to have adverse health effects in large
quantities but for which UL has not been defined. WHO recommends a reduction in sodium intake to < 2 g/day and consumption of SFA less
than 10%TEI

EProportion of total energy intake per day from this macronutrient
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e s rorent ke Narn

amounts” consumed per Males Females 18-40 41-60 > 60

individual, by sex and age, 2017

Bosnia and Herzegovina dietary (n 371) (n 482) (n241) (n 384) (n 228)

survey Mean® SE Mean SE Mean SE Mean SE Mean SE
Minerals
Calcium (mg) 793 36.1 638 27.0 804 404 638 29.0 692% 43.8
Magnesium (mg) 311 12.5  261* 8.7 338 14.7 258 9.6 253 12.1
Phosphorus (mg) 1201 49.8 935 37.0 1273 583 944 40.6 948 53.8
Selenium (jLg) 79.5 3.7 55.5 2.8 69.5 44 62.7 37 66.2*% 3.8
Potassium (mg) 2941 105  2575% 884 3035 131 2569  88.9 2624* 135
Iron (mg) 13.3 0.5 10.2 0.4 13.3 0.7 10.8 0.5 10.6 0.6
Zinc (mg) 10.5 0.5 7.7 0.4 10.1 0.5 8.2 0.5 8.4 0.6
Sodium (mg) 3174 131 2286 944 3181 151 2434 121 2405 125
Vitamins
Beta-carotene (ng) 751 779  795% 72.3 622 70.9 849 87.0 926* 140
Vitamin A (ug RE) 419 25.6 356 20.0 390.5 23.0 356 28.2  429%* 29.6
Thiamin (mg) 1.3 0.1 1.0 0.1 1.3 0.1 1.1 0.1 1.1 0.1
Riboflavin (mg) 1.4 0.1 1.1 0.1 1.4 0.1 1.1 0.1 1.1 0.1
Niacin (mg NE) 20.4 1.0 16.1 0.7 214 1.2 17.6 0.9 14.6* 0.9
Vitamin B6 (mg) 1.3 0.1 1.1 0.1 14 0.1 1.1 0.1 1.1 0.1
Vitamin B12 (ng) 3.6 0.3 2.0% 0.2 32 0.4 23 0.3 2.7 0.3
Folate (ng) 282 134 232 10.8 281 15.1 248 14.0 230 13.7
Vitamin C (mg) 61.6 5.5 70.1% 53 66.9 6.8 61.4 52 72.2% 9.0
Vitamin D (ng) 32 0.3 2.6 0.2 3.1 0.3 24 0.2 3.3% 0.5
Vitamin E (mg) 18.3 1.2 15.6 0.8 19.5 1.2 15.1 0.9 16.2 14

*Statistically significant differences in means of log-transformed energy-adjusted nutrients

“Only day 1 data used

"Geometric mean and standard error calculated using exp(log-mean) of nutrients

vitamin B12 (3.3) and P-carotene (3.9) among women
(Table 6). Ratios were higher among women for the
majority of nutrients, and increased after energy adjust-
ment. The exceptions were vitamin A (6.2 and 3.6 for men,
5.0 and 3.2 for women), B-carotene (2.1 and 2.0 for men,
3.9 and 2.8 for women) and vitamin C (2.6 and 2.4 for men
and 2.3 and 2.2 for women), for which ratios decreased
after energy adjustment.

Discussion

In this manuscript, we have reported the results of the first-
to-date nutrient-based dietary survey conducted among an
adult population in the Federation of B&H. The survey was
designed to describe the overall dietary habits of the Bos-
nian population and evaluate dietary variations by sex and
age-groups. In general, Bosnian adults had an alarmingly
high prevalence of overweight, obesity and hypertension
across both sexes, and these prevalence rates increased
with age. The diet quality of participants was also generally

very poor with low intake of omega 3 fatty acids from both
marine and plant sources, high intake of SFA and sodium,
and very few men and women consuming adequate intakes
of key micronutrients.

Our findings on DHA and EPA were in line with other
studies on availability and consumption of dietary fats in
this region (Micha et al. 2014; Petrova et al. 2011). This is
an important public health concern as both adequate
intakes of n-3 fatty acids (Willett 2012b) and a reduction of
sodium intake (Sacks et al. 2001) are needed for prevention
of CVDs. While fish is eaten episodically (and would not
necessarily be captured by 2 days of recall), the mean
values of our sample should still be valid. ALA-rich foods,
such as walnuts and rapeseed or soybean oil, should be
consumed more ubiquitously. However, over 90% of
households in this sample reported using sunflower oil as
their main cooking oil and reported intakes of nuts were
low (Gicevic et al. unpublished results). As a result, intakes
of N-6 linoleic acid were sufficient, but those of N-3 fatty
acids fell below EFSA recommendations. While both fatty
acids are essential, public health efforts are needed to
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Table 6 Means, within-person and between-person coefficients of variation (CV%)* and variance component ratios®, 2017 Bosnia and
Herzegovina dietary survey

Nutrient Males Females

Mean® SE  Unadjusted Energy-adjusted® Mean SE  Unadjusted Energy-adjusted®

CV, CV, S2/s¢ CV, CV, Si/s2 CV, CV, S2/$2 CV, CV, Si/s?

Energy (kcal) 2442 471 309 254 12 - - - 1898% 347 328 219 15 - - -
Protein (g) 86.3 1.6 362 259 14 239 9.7 25 63.6% 1.0 383 226 1.7 258 119 22
Total fat (g) 92.5 1.8 466 28.1 1.7 29.0 12,1 24 71.5% 14 466 268 1.7 289 135 2.1
SFA (g) 29.2 0.7 56.7 329 1.7 373 156 24 2328 0.5 573 322 1.8 372 224 1.7
MFA (g) 28.2 0.6 527 303 1.7 422 20.8 2.0 21.2% 0.5 515 33.0 1.6 442 165 2.7
PUFAs (total) (g) 20.1 04 704 241 29 583 11.8 49 16.3* 03 668 273 24 543 199 2.7
Omega 3 PUFAs (g) 0.7 0.1 995 389 26 924 239 39 0.5% 0.1 906 479 19 854 356 24
DHA+EPA (mg) 18.2 1.0 239 573 42 235 513 4.6 16.0*% 0.9 213 77.0 2.8 209 713 29
ALA (mg) 94.4 7.6 180 944 19 159 725 2.1 96.6%* 6.1 163 825 2.0 150 675 22
LA (g) 16.2 04 739 333 22 63.8 262 24 12.7% 03 774 349 22 66.1 31.0 2.1
Cholesterol (mg) 253 6.0 933 40.7 23 85.1 28.1 3.0 185% 3.8 104 382 2.7 963 279 35
Carbohydrate (g) 282 6.1 338 278 1.2 217 95 23 208% 48 373 254 15 21.8 95 23
Fiber (g) 24.5 0.6 38.0 303 13 352 264 13 21.5% 04 383 257 15 36.8 213 1.7
Total sugars (g) 72.2 29 583 498 1.2 55.0 373 15 67.8* 24 580 478 12 524 339 15
Minerals
Calcium (mg) 813 17.5 435 275 1.6 385 212 1.8 648% 134 467 259 1.8 38.8 204 19
Magnesium (mg) 313 57 353 227 1.6 30.1 143 2.1 256%# 48 358 236 15 303 135 22
Phosphorus (mg) 1231 23.8 354 263 14 248 146 1.6 947% 182 399 243 1.6 29.8 154 19
Selenium (pg) 81.4 19 519 338 15 462 189 24 54.5% 1.1 58,6 276 19 51.8 226 23
Potassium (mg) 2994  52.0 347 235 15 324 191 1.7 2549% 432 356 209 1.7 353 17.0 2.1
Iron (mg) 13.9 03 388 296 13 33.8 151 22 10.7% 0.2 434 238 1.7 377 150 25
Zinc (mg) 10.8 03 466 294 1.6 389 226 1.7 8.0 0.2 526 267 20 429 202 2.1
Sodium (mg) 3244  65.8 43.1 30.7 14 315 139 23 2291%  41.0 509 21.8 23 379 13.0 29
Vitamins

Beta-carotene (pg) 891 354 141 672 2.1 146 71.1 2.0 820* 20.6 145 373 3.9 143 515 28
Vitamin A (ug RE) 452 46 843 136 62 822 23.0 3.6 3928 45 841 167 5.0 79.0 250 32

Thiamin (mg) 1.3 0.1 41.8 262 1.6 36.1 141 2.6 1.0% 0.1 498 243 2.0 434 17.0 25
Riboflavin (mg) 1.5 0.1 422 342 12 36.1 243 1.5 1.1° 0.1 502 225 22 41.1 17.0 24
Niacin (mg) 21.1 04 569 264 22 525 18.0 29 16.4° 03 547 267 2.0 48.8 215 23
Vitamin B6 (mg) 1.3 0.1 60.8 299 2.0 575 232 25 1.1% 0.1 619 286 22 570 192 3.0
Vitamin B12 (ug) 4.0 02 109 586 19 104 468 2.2 2.3% 0.1 144 434 33 134 41.1 33
Folate (pg) 300 82 557 320 1.7 543 256 2.1 240° 56 588 275 2.1 55.8 236 24
Vitamin C (mg) 67.2 2.1 106 411 2.6 109 456 24 72.5% 23 1002 43.1 23 99.1 4477 22
Vitamin D (pg) 3.5 0.1 919 409 23 855 34.0 25 3.0%% 0.1 903 41.1 22 86.6 34.6 25
Vitamin E (mg) 18.5 04 571 256 22 48.8 194 25 14.9°% 03 587 222 24 50.0 19.1 2.6

*Statistically significant differences in log-transformed means of energy-adjusted nutrients (p < 0.05)
SStatistically significant differences between log-transformed means of unadjusted nutrients (p < 0.05)

4CVy is calculated \/MSE x 100%. CV,, is calculated as \/(MSModel — MSError) x 100%, where MSE is calculated on the log scale in
ANOVA

PRatios of within-person and between-person components of variance S2/Sz

“Energy adjustment as %TEI for main macronutrients and as nutrient density (nutrient intake per 1000 kcal) for cholesterol, all PUFAs and
micronutrients

9INutrient variables were log-transformed to partition the variance and back-transformed to calculate the means. Analysis restricted to individuals
for whom 2 days of dietary data were available

“Women had significantly higher percentages of total energy intake from ALA than men
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promote intakes of N-3 fatty acids, possibly including
subsidies for production of rapeseed oil as a locally grown
and acceptable type of cooking oil rich in ALA, or the
cultivation and consumption of more affordable fatty fish,
e.g., trout, sardine and mackerel, which are rich in
DHA + EPA. Intakes of saturated fatty acids (SFAs) and
sodium also exceeded the WHO recommendations, espe-
cially among men and persons in the youngest age-group.
Even though sodium intakes from dietary assessment may
be inaccurate, our findings correspond with the GBD data
based on the urinary sodium excretion and earlier diet
assessments in Eastern Europe (Powles et al. 2013). Given
that the main sources of these nutrients were processed
meats and full fat dairy such as salty sheep milk cheese and
cream spread (60% fat), public education programs are
needed to raise awareness about the importance of limiting
intakes of these foods. A significant reduction in CVD risk
can be achieved by replacing SFAs by PUFAs (Willett
2012b; Mensink et al. 2003) and reducing sodium in diet
(Sacks et al. 2001). Along with CVD, sodium is also a risk
factor for stomach cancer, which is the second most
common cancer in B&H (FMHFHIH/IPHFBIH 2012).

Although we did not measure added/free sugars, due to
low intakes of sources of intrinsic sugar, it is safe to con-
clude that the majority of the ‘total sugar’ in this survey
came from added sugar. The mean intake of 10.6-13.0% of
energy from total sugar most probably exceeded the WHO
recommendation (WHO 2015b) to limit free sugar intake to
5-10% TEI. While mean sugar intake was slightly lower
than reported mean total sugar intakes (16-21% TEI) in ten
European countries (Azais-Braesco et al. 2017), this is
probably due to low consumption of fruits among Bosnians
in this sample.

As our data show, micronutrient deficiencies may occur
even in food abundant settings due to modern lifestyles
(Pietrzik 2012). Low intakes of vitamin B6, folate, vitamin
C and B-carotene likely result from low intakes of veg-
etables and fruits. Low intakes of vitamins A, B12 and D
were also noted. B-Carotene intake can be improved in an
affordable way by adding more carrots to stews and soups
or eaten as fresh carrots. Citrus fruits are affordable and
locally acceptable vitamin C sources. Inadequate iron
intakes were found among 24.6% women; while dietary
intake studies are not the optimum way to assess iron status
due to the low bioavailability of this nutrient, these findings
are in line with the estimated 24% prevalence of iron
deficiency anemia among reproductive age women.
Increased consumption of iron combined with vitamin C
from both supplemental and food sources, as well as folate
to prevent incidence of spina bifida and reduce anemia
rates.

Similar to results of our study, a recent systematic
review of dietary surveys from 21 countries in Europe

(Rippin et al. 2017) found comparable overall mean intakes
of SFA, zinc, iron, calcium, potassium and vitamin D.
Bosnians in our sample, however, reported consuming less
sugar, protein, MFA, n-3 fatty acids, folate and vitamin
B12, and higher consumption of dietary fiber, carbohy-
drates and PUFAs. These findings suggest that while
Bosnia is undergoing nutrition transition, the influence of
traditional diets is still stronger than in more developed
European countries (Popkin 2004).

For most nutrients, the variance ratios increased, as
expected, after energy adjustment due to decrease in
between-person variance (Beaton et al. 1979). High ratios
for DHA and EPA suggest that many more than 2 days of
dietary recall will be needed to estimate the true intakes of
marine omega 3 fatty acids for individual participants.
Similarly, a high ratio for vitamin B12 among women
suggests more sporadic intake of meat, compared to men.
Within-person variation is culture specific and depends on
food availability; however, our data do not support the
common wisdom that diets in LMICs are monotonous from
day to day, as the ratios are largely similar to those in HICs
(Willett 2012a, b). To some degree, however, such varia-
tion in our sample may be explained by the day of the
month (Willett 2012a), as we conducted the interviews
4-30 days apart, so at least one of the two was often
conducted in the days before the monthly payday, when
savings on food are very probable. On the other hand,
seasonality was not expected to influence within-person
variation as both dietary recalls were conducted within the
same season. Data on variance ratios are useful for plan-
ning nutrition epidemiology studies in specific populations,
as high within-person variation would bias estimates of
associations between diet and disease toward the null
(Willett 2012a).

Our estimates of hypertension prevalence exceeded the
country estimates from 2008 and 2012 (ZJZFBIH 2012;
FMHFBIH/IPHFBIH 2012). However, our estimates are
plausible, given the positive trend in hypertension and
obesity prevalence (WHO 2015a), excessive dietary intake
of sodium and inadequate intake of various micronutrients,
and high current smoking prevalence in this population.
While data on overweight and obesity together corre-
sponded with high-risk WHR and WC estimates across
both sexes and age-groups, it is evident that abdominal
adiposity, more than obesity, is a cause for concern. As
both overall and central adiposity measures have been
found to predict heart disease similarly (Flint et al. 2010),
these findings provide clear evidence that there is an urgent
need for public health action to tackle adiposity.

Our study limitations should also be considered. A
modest size of our sample could have lead to loss of pre-
cision when estimating mean intakes of some highly vari-
able nutrients such as vitamin A. While it limited our
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ability to analyze intake of such nutrients in some sub-
groups (such as high SES subgroup with less than hundred
participants), mean estimates by sex and age-group (con-
taining over two hundred participants) should remain rea-
sonably precise. Due to conscious or unconscious
underreporting which is an inherent characteristic to any
diet recall method, nutrient database errors and the exclu-
sion of supplement intake from the analysis, it is possible
that we overestimated the prevalence of inadequacy for
some nutrients (Barr et al. 2002). However, we took care to
update the nutrient database beforehand using published
analytical and industry data, and we checked against other
food composition databases. We also used a multiple pass
method for the 24-h recall to decrease the likelihood of
errors in reporting due to memory issues (Moshfegh et al.
2008). While excluding supplement use may overestimate
the true prevalence of inadequate nutrient intakes, the
primary purpose of this study was to evaluate dietary
inadequacies in this population. Also, < 13% of partici-
pants reported consuming single micronutrient supple-
ments, and < 2% consuming supplemental PUFAs.

To conclude, this study identified some serious concerns
in dietary intake. Inadequate diets coupled with a high
prevalence of smoking, overweight, and obesity, and
hypertension that increases with age are expected to have a
negative impact on the health of this population, leading to
premature mortality and increased disability (Murray and
Lopez 2013). Public health interventions including policies
to improve the food supply, promote appropriate supple-
mentation and fortification, and raise awareness about
healthy diets are needed to increase intakes of long-chain
omega 3 fatty acids, fiber, vitamins A, C, B6, D and folate,
as well as magnesium and iron, and limit intakes of
sodium, added sugar and SFA. Further research should
focus on major food sources of nutrients, socioeconomic
variations in intakes and factors influencing food choice.

Funding This study was funded by the Department of Nutrition,
Harvard T.H. Chan School of Public Health and the Institute for
Statistics of the Federation on Bosnia and Herzegovina.

Compliance with ethical standards

Conflict of interest Selma Gicevic declares that she has no conflict of
interest. Audrey J. Gaskins declares that she has no conflict of
interest. Teresa T. Fung declares that she has no conflict of interest.
Bernard Rosner declares that he has no conflict of interest. Edin
Sabanovic declares that he has no conflict of interest. Mirjana Guri-
novic declares that she has no conflict of interest. Agnes Kadvan
declares that she has no conflict of interest. Emir Kremic declares that
he has no conflict of interest. Walter Willett declares that he has no
conflict of interest.

@ Springer

Ethical approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Declaration of Helsinki and its later amendments or comparable
ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

Azais-Braesco V, Sluik D, Maillot M, Kok F, Moreno LA (2017) A
review of total and added sugar intakes and dietary sources in
Europe. Nutr J 16:6

Barr SI, Murphy SP, Poos MI (2002) Interpreting and using the
dietary references intakes in dietary assessment of individuals
and groups. J Am Diet Assoc 102:780-788

Beaton GH, Milner J, Corey P, McGuire V, Cousins M, Stewart E
(1979) Sources of variance in 24-hour dietary recall data:
implications for nutrition study design and interpretation. Am J
Clin Nutr 32:2546-2559

BHAS (2015) Household Budget Survey in Bosnia and Herzegovina:
report. The Agency for Statistics of Bosnia and Herzegovina,
Sarajevo

Blanton CA, Moshfegh AJ, Baer DJ, Kretsch MJ (2006) The USDA
automated multiple-pass method accurately estimates group total
energy and nutrient intake. J Nutr 136:2594-2599

EFSA (2017) Dietary reference values for nutrients: summary report.
EFSA supporting publication 2017

EFSA Panel on Dietetic Products Nutrition, and Allergies (NDA)
(2010) Scientific opinion on principles for deriving and applying
Dietary Reference Values. EFSA J 8:1458

Ezzati M, Riboli E (2013) Behavioral and dietary risk factors for
noncommunicable diseases. N Engl J Med 369:954-964

FAO (2014) ICN2-second international conference on nutrition.
http://www.fao.org/about/meetings/icn2/en/.  Accessed  Sept
2018

Flint AJ, Rexrode KM, Hu FB, Glynn Caspard RJ, Manson H, Body
JE et al (2010) Body mass index, waist circumference, and risk
of coronary heart disease: a prospective study among men and
women. Obes Res Clin Pract 4:e171-e181

FMHFBIH/IPHFBIH (2012) Federation of Bosnia and Herzegovina
Adult Population Health Status Study. Federal Ministry of
Health/Institute for Public Health of the Federation of Bosnia
and Herzegovina, Sarajevo

Forouzanfar MH, Alexander L, Anderson HR, Bachman VF,
Biryukov S, Brauer M et al (2015) Global, regional, and national
comparative risk assessment of 79 behavioural, environmental
and occupational, and metabolic risks or clusters of risks in 188
countries, 1990-2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet 386:2287-2323

Gurinovic M, Milesevic J, Novakovic R, Kadvan A, Djekic-Ivankovic
M, Satalic Z et al (2016a) Improving nutrition surveillance and
public health research in Central and Eastern Europe/Balkan
Countries using the Balkan Food Platform and dietary tools.
Food Chem 193:173-180. https://doi.org/10.1016/j.foodchem.
2015.03.103

Gurinovic M, Milesevic J, Kadvan A, Nikolic M, Zekovic M, Djekic-
Ivankovic M et al (2016b) Development, features and applica-
tion of DIET ASSESS and PLAN (DAP) software in supporting
public health nutrition research in Central Eastern European
Countries (CEEC). Food Chem 238:186-194. https://doi.org/10.
1016/j.foodchem.2016.09.114


http://www.fao.org/about/meetings/icn2/en/
https://doi.org/10.1016/j.foodchem.2015.03.103
https://doi.org/10.1016/j.foodchem.2015.03.103
https://doi.org/10.1016/j.foodchem.2016.09.114
https://doi.org/10.1016/j.foodchem.2016.09.114

Fueling an epidemic of non-communicable disease in the Balkans: a nutritional survey of... 885

Huybrechts I, Aglago EK, Mullee A, De Keyzer W, Leclercq C,
Allemand P et al (2017) Global comparison of national
individual food consumption surveys as a basis for health
research and integration in national health surveillance pro-
grammes. Proc Nutr Soc 76:549-567

IOM (2001) Appendix I iron intakes and estimated percentile of the
distribution of iron requirements from the continuing survey of
food intakes by individuals (CSFII), 1994-1996. In: Dietary
reference intakes for Vitamin A, Vitamin K, Arsenic, Boron,
Chromium, Copper, lodine, Iron, Manganese, Molybdenum,
Nickel, Silicon, Vanadium, and Zinc. The National Academies
Press, Washington D.C, https://doi.org/10.17226/10026

IOM (2003a) E adjustment of observed intake data to estimate the
distribution of usual intakes in a group. In: Dietary reference
intakes: applications in dietary planning. National Academies
Press (US), Washington, D.C.

IOM (2003b) Dietary reference intakes: applications in dietary
planning. National Academies Press, Washington, D.C.

Lachat C, Otchere S, Roberfroid D, Abdulai A, Seret FM, Milesevic J
et al (2013) Diet and physical activity for the prevention of
noncommunicable diseases in low- and middle-income coun-
tries: a systematic policy review. PLoS Med 10(6):e1001465.
https://doi.org/10.1371/journal.pmed.1001465

Marazzi G, lellamo F, Volterrani M, Lombardo M, Pelliccia F, Righi
D et al (2012) Comparison of Microlife BP A200 plus and
Omron M6 blood pressure monitors to detect atrial fibrillation in
hypertensive patients. Adv Ther 29:64-70

Mensink RP, Zock PL, Kester AD, Katan MB (2003) Effects of
dietary fatty acids and carbohydrates on the ratio of serum total
to HDL cholesterol and on serum lipids and apolipoproteins: a
meta-analysis of 60 controlled trials. Am J Clin Nutr
77:1146-1155

Micha R, Khatibzadeh S, Shi P, Fahimi S, Lim S, Andrews KG et al
(2014) Global, regional, and national consumption levels of
dietary fats and oils in 1990 and 2010: a systematic analysis
including 266 country-specific nutrition surveys. BMJ
348:92272

Moshfegh AJ, Rhodes DG, Baer DJ, Murayi T, Clemens JC, Rumpler
WV et al (2008) The US Department of Agriculture Automated
Multiple-Pass Method reduces bias in the collection of energy
intakes. Am J Clin Nutr 88:324-332

Moshfegh A, Goldman J, Ahuja J, Rhodes D, LaComb R (2009) What
we eat in America, NHANES 2005-2006: usual nutrient intakes
from food and water compared to 1997 dietary reference intakes
for vitamin D, calcium, phosphorus, and magnesium. US
Department of Agriculture, Agricultural Research Service

Murray CJ, Lopez AD (2013) Measuring the global burden of disease.
N Engl J Med 369:448-457

Nikolic M, Milesevic J, Zekovic M, Gurinovic M, Glibetic M (2018)
The development and validation of food atlas for portion size
estimation in the Balkan region. Front Nutr. https://doi.org/10.
3389/fnut.2018.00078

Petrova S, Dimitrov P, Willett WC, Campos H (2011) The global
availability of n-3 fatty acids. Public Health Nutr 14:1157-1164

Pietrzik K (ed) (2012) Modern lifestyles, lower energy intake and
micronutrient status. Springer, Berlin

Popkin BM (2004) The nutrition transition: an overview of world
patterns of change. Nutr Rev 62:S140-S143

Powles J, Fahimi S, Micha R, Khatibzadeh S, Shi P, Ezzati M et al
(2013) Global, regional and national sodium intakes in 1990 and
2010: a systematic analysis of 24 h urinary sodium excretion and
dietary surveys worldwide. BMJ Open 3:¢003733

Rippin HL, Hutchinson J, Jewell J, Breda JJ, Cade JE (2017) Adult
nutrient intakes from current national dietary surveys of
European Populations.  Nutrients.  https://doi.org/10.3390/
nu9121288

Rosner B (1983) Percentage points for a generalized ESD many-
outlier procedure. Technometrics 25:165-172

Rosner B (2011) Multisample reference. In: Seibert D (ed) Funda-
mentals of biostatistics, 7th edn. Brooks/Cole, Boston, p 566

Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, Harsha D,
DASH-Sodium Collaborative Research Group et al (2001)
Effects on blood pressure of reduced dietary sodium and the
Dietary Approaches to Stop Hypertension (DASH) diet. N Engl J
Med 344:3-10

Topouchian J, Agnoletti D, Blacher J, Youssef A, Chahine MN,
Ibanez 1 (2014) Validation of four devices: Omron M6 Comfort,
Omron HEM-7420, Withings BP-800, and Polygreen KP-7670
for home blood pressure measurement according to the European
Society of Hypertension International Protocol. Vasc Health
Risk Manag 10:33-44

UNIEAGS (2014) A world that counts: mobilising the data revolution
for sustainable development. Independent Expert Advisory
Group Secretariat

USHHS and USDA (2015) 2015-2020 Dietary Guidelines for
Americans. U.S. Department of Health and Human Services
and U.S. Department of Agriculture

WHO (2008) Waist circumference and waist-hip ratio: report of a
WHO expert consultation. World Health Organization, Geneva

WHO (2010) Global recommendations on physical activity for health.
World Health Organization, Geneva

WHO (2012) Guideline: sodium intake for adults and children. World
Health Organization, Geneva

WHO (2014) European Food and Nutrition Action Plan 2015-2020.
World Health Organization, Coppenhagen

WHO (2015a) Bosnia and Herzegovina: WHO statistical profile 2012.
WHO, Geneva

WHO (2015b) Guideline: Sugars intake for adults and children.
World Health Organization, Geneva

WHO/FAO (2002) Diet, nutrition and the prevention of chronic
diseases: report of a joint WHO/FAO expert consultation. World
Health Organization/Food and Agriculture Organization, Geneva

Willett WC (2012a) Nutritional epidemiology, 3rd edn. Oxford
University Press, New York

Willett WC (2012b) Dietary fats and coronary heart disease. J Intern
Med 272:13-24

ZJZFBIH (2012) Health population survey in the Federation of
Bosnia and Herzegovina. Public Health Institute FBiH, Sarajevo

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.17226/10026
https://doi.org/10.1371/journal.pmed.1001465
https://doi.org/10.3389/fnut.2018.00078
https://doi.org/10.3389/fnut.2018.00078
https://doi.org/10.3390/nu9121288
https://doi.org/10.3390/nu9121288

	Fueling an epidemic of non-communicable disease in the Balkans: a nutritional survey of Bosnian adults
	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study design and population
	Data collection
	Statistical analysis

	Results
	Energy and macronutrients
	Micronutrients
	Variance components, variance ratios

	Discussion
	Funding
	References




