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Diet quality as assessed 
by Healthy Eating Index‑2015 
among Hungarian Roma living 
in settlements of Northeast 
Hungary
Helga Bárdos1*, Erand Llanaj1,2, Ferenc Vincze1, Judit Diószegi2, Péter Pikó2, 
Zsigmond Kósa3, János Sándor1 & Róza Ádány1,2,4

Inequalities in diet quality are increasingly reported, but such studies among Roma are scarce and 
challenging. Here we attempt to examine diet quality and adherence to food based dietary guidelines 
among Hungarian Roma (HR) ethnic minority living in segregated settlements while comparing a 
sample of Hungarian adults from the general population (HG). Data were obtained from a complex 
comparative health survey conducted in Northeast Hungary in 2018, including sociodemographic 
and physical examination data. Dietary data were collected using two non-consecutive 24-h dietary 
recalls. We assessed diet quality based on using a 13-component Healthy Eating Index-2015 (HEI-
2015, range 0–100). Differences in median intakes of food and nutrients and HEI-2015 scores were 
evaluated by Mann–Whitney test or Kruskal–Wallis test. Quantile regression was used to adjust 
HEI-2015 scores for socioeconomic factors including age, sex, educational status, and perceived 
financial status. This analysis included 393 and 415 subjects, aged between 18 to 70 years, of HR and 
HG populations, respectively. Results showed overall low median HEI-2015 scores for both HR and HG, 
with significantly lower total score among HR participants (41.6, interquartile range (IQR): 39.5–42.8) 
compared to HG (47.2, IQR: 45.7–51.1). Scores for individual components, such as intake of fruits, 
greens and beans, whole grains, seafood, and plant proteins were particularly suboptimal among 
both groups, but significantly lower among the HR population. Scores for refined grains, sodium, 
saturated fats and added sugar reflected high intakes of these components but did not differ between 
study groups. Our findings revealed an unfavorable diet quality among the HR compared to HG and a 
potentially increased risk for diet-related NCDs. Future health intervention programs are warranted to 
address dietary disparities of segregated minorities in Hungary while considering ethnic and cultural 
differences.

Roma constitutes the largest ethnic minority in Europe with an estimated population of 11.3 million1 and Hun-
gary has one of the largest share of Roma, i.e. more than 8% of the total population2. A considerable proportion 
of the Hungarian Roma (HR) population lives in segregated settlements, located mainly in rural areas or outskirts 
of cities in the Northeast part of the country. Living conditions in these settlements indicate an accumulation 
of socioeconomic disadvantages such as segregation, poor housing condition, overcrowding, waste deposits, 
pollution, and often an absence of basic services such as drinking water, sanitation, gas, and electricity3. These 
conditions pose a great risk for the health and wellbeing of these communities.

Therefore, health research involving Roma participants is imperative to inform decisions that address their 
health challenges. However, participation of this minority in health research has been traditionally hindered 
by difficulties emerging from defining their ethnicity and field data collection challenges4–6. Nevertheless, the 
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available data that exists, indicate worse health status for the majority of Roma population, compared to that 
of the non-Roma population in Europe, independently of the country of residence4,7–11. In Central Europe, the 
prevalence of diet-related noncommunicable diseases (NCDs), such as type 2 diabetes (T2DM), metabolic syn-
drome, and cardiovascular diseases (CVDs) has been shown to be especially higher among Roma, as compared 
to the general population8,12–14.

In Hungary, a recent comparative risk assessment of 10-year CVD risk revealed up to three times higher 
CVD risk among the HR compared to the general population15. Intriguingly, CVD risk factors, including serum 
cholesterol levels, high blood pressure, insulin resistance, and obesity have been shown to be strongly correlated 
with dietary and nutrient intake patterns16. Results of a large multi-ethnic cohort study suggest that adhering 
to a dietary pattern that achieves a high diet-quality index score is associated with lower risk of mortality from 
all causes, CVDs, and cancer among adult men and women17. Several scoring systems have been developed for 
evaluating the quality of the diet according to recommended nutrient intake and dietary patterns18–21.

The traditional Hungarian diet is characterized by the consumption of high amounts of white bread and 
refined grain products, preserved vegetables, processed meat, and lard which is typical in Eastern European 
countries22. The Hungarian Diet and Nutritional Status Survey in 2014 revealed unfavorable changes compared 
to the previous survey in 2009, with an increase in fat and saturated fatty acid intake and a decrease in fruit and 
vegetable consumption23. Dietary data for HR have only been published recently by our research group. Based on 
recommendations defined by the World Health Organization, in the Dietary Approaches to Stop Hypertension 
(DASH) study and the EAT-Lancet report, as well as dietary quality based on Dietary Inflammatory Index (DII), 
we found substandard adherence to established international health and environmental sustainability guidelines 
in participants from HR settlements24,25.

Although informative and useful, our previous analyses have been restricted to nutrient-level evaluations, but 
no food-level assessment has been conducted. The latter can serve as a basis for food-based dietary guidelines, 
which is one of the predominant strategies for providing public advice on foods, food groups and dietary pat-
terns, to promote a healthy diet and prevent diet-related NCDs26–28.

In this analysis, to the best of our knowledge, we examine for the first time the quality of diet and adherence 
to food-based nutrition guidelines using HEI-2015 on a sample of HR ethnic minorities living in segregated 
settlements, while comparing the results with that of the general population.

Materials and methods
Study design and data.  All data used in the current analysis were obtained in a cross-sectional survey 
conducted between May and August 2018 in Northeast Hungary. This complex health (behavior and examina-
tion) survey collected questionnaire-based, physical and laboratory examination data. Details of sampling and 
data collection and management were described previously13.

In brief, HR populations living in segregated colonies in Northeast Hungary (Hajdú-Bihar and Szabolcs-
Szatmár-Bereg counties) and HG populations from the same geographical area were randomly selected. In the 
sampling process, 25 Roma colonies with more than 100 inhabitants were selected. For each colony, 20 house-
holds were selected, and for each household, one adult person aged more than 18 years was interviewed. These 
interviews were conducted in the respondent’s households by Roma university students under the supervision 
of public health coordinators. Participant ethnicity was assessed by self-report. The HG population was chosen 
from 20 randomly selected general practitioners (GP), for each GP practice 25 randomly selected individuals 
aged more than 18 years were selected and interviewed by GP nurses. The planned sample size for both study 
groups was 500 and 500 participants, 85 individuals refused to participate in the study. For this analysis, we used 
data from only for those participants who had complete records (393 individuals of Roma settlements and 415 
participants of HG sample).

Socio-demographic data were derived from the questionnaire-based part of the complex health survey and 
included age, sex, educational level, self-reported financial status. Educational level was categorized as elementary 
(8 years of primary school or less), secondary (high school general graduation), vocational (vocational school 
with certifying vocational qualifications), and university degree (diploma obtained in higher education, in col-
lege or university (BA/BSc, MA/MSc, PhD, DLA). Data on body mass index (BMI) and nutritional status were 
based on measured weight and height values. All measurements were carried out by GP nurses using validated 
equipment according to a standardized protocol as a part of the health examination survey in GP offices. The 
nutritional status of participants was categorized according to the cut-off points proposed by WHO29. Nutri-
tional status was classified as underweight if BMI < 18.5 kg/m2, normal if BMI 18.5–24.9 kg/m2; overweight 
25.0–29.9 kg/m2; and obese > 30.0 kg/m2.

Dietary intake data were obtained by an interview-assisted two-day (non-consecutive weekday and a weekend 
day) 24-h dietary recall (24hDR) assessment, the protocol of which was validated and published previously30. 
The interval between the first and second 24hDR assessment was between 2 and 14 days. Only those participants 
data were analyzed who had complete two-day records. Dietary intake was quantified and processed with Nutri-
Comp DietCAD ver. 3.03 software31 previously used in Hungarian Dietary and Nutritional Status surveys23,32. 
The software contains detailed food composition information on 1328 food items and 1823 recipes. Macro- and 
micronutrient intakes from each individual input of dietary intake data (e.g., food, meals, and drinks) were 
computed as a mean of the two 24hDRs. The present analysis used nutrient data of total energy intake, intake of 
saturated, mono- and poly-unsaturated fatty acids, added sugar, and sodium. Individual food intake data were 
manually collected, grouped, and counted according to the definition of Healthy Eating Index-2015 (HEI-2015) 
components33,34 from individual ingredients intake data, which were generated from inputs of dietary intake by 
NutriComp DietCAD ver. 3.03 software. Five participants who reported implausibly low energy intakes (females 
less than daily 700 kcal, males less than 800 kcal) were excluded from the analyses.



3

Vol.:(0123456789)

Scientific Reports |        (2022) 12:19213  | https://doi.org/10.1038/s41598-022-23670-3

www.nature.com/scientificreports/

Healthy Eating Index‑2015 score.  Diet quality was assessed by using HEI-2015 scores. HEI-2015 is a 
measure of diet quality commonly used to evaluate how well a set of foods aligns with the 2015–2020 Dietary 
Guidelines for Americans which is grounded on the current state of scientific evidence on nutrition and health, 
which reflects international scientific recommendations to promote better diet and reduce the risk of non-com-
municable diseases33–35.

The HEI-2015 includes 13 components that capture the balance among food groups including those to 
encourage (adequacy components) and those for which there are limits (moderation components). Higher scores 
of adequacy components reflect higher intakes that meet the standards. Higher scores of moderation compo-
nents indicate lower intakes that are more desirable. Intakes between the minimum and maximum standards 
are scored proportionately.

Adequacy components include total fruits, whole fruits, total vegetables, greens and beans, whole grains, 
dairy products, total protein foods, and seafood and plant proteins. Total fruits component includes 100% fruit 
juice, the standard for maximum score of five is 0.8 cup equivalent or more per 1000 kcal and for minimum score 
of zero is no fruit intake. Whole fruits component includes all forms except juice, the standard for maximum 
score of five is 0.4 cup equivalent or more per 1000 kcal and for minimum score of zero is no whole fruit. Total 
vegetables component includes all vegetables and legumes (beans and peas), the standard for maximum score of 
five is 1.1 cup equivalent or more per 1000 kcal and for minimum score of zero is no vegetables. Greens and beans 
component includes legumes and dark-green leafy vegetables (i.e., salad greens like romaine lettuce, cruciferous 
cooking greens like kale and broccoli). The standard for maximum score of five is 0.2 cup equivalent or more per 
1000 kcal and for minimum score of zero is no dark-green vegetables, beans, or peas. Whole grains component 
includes food made from whole grains (like wheat, mature corn, rice, oats, barley, quinoa, sorghum, spelt, and 
rye). The standard for maximum score of ten is 1.5 oz equivalent or more per 1000 kcal and for minimum score 
of zero is no whole grains. Diary component includes all milk products such as fluid milk, yogurt, cheese, and 
fortified soy beverages. The standard for maximum score of ten is 1.3 cup equivalent or more per 1000 kcal and 
for minimum score of zero is no diary. Total protein foods component includes all foods made from meat, poul-
try, seafood, beans and peas, eggs, processed soy products, nuts, and seeds. The standard for maximum score of 
five is 2.5 oz equivalent or more per 1000 kcal and for minimum score of zero is no protein foods. Seafood and 
plant proteins component includes seafood, nuts, seeds, soy products (other than beverages), and legumes (beans 
and peas). The standard for maximum score of five is 0.8 oz equivalent or more per 1000 kcal and for minimum 
score of zero is no seafood or plant proteins. Fatty acids component is a ratio of poly- and mono-unsaturated 
fatty acids (PUFAs and MUFAs) to saturated fatty acids (SFAs). The standard for maximum score of ten is 2.5 or 
more and for minimum score of zero is 1.2 or less.

Moderation components include refined grains, sodium, added sugar and saturated fatty acids. Refined grains 
component includes food made from refined grain (like white bread, pasta, and rice). The standard for maximum 
score of ten is 1.8 oz equivalent or less per 1000 kcal and for minimum score of zero is 4.3 oz equivalent or more 
per 1000 kcal. Sodium component calculated from salt content of daily food intake. The standard for maximum 
score of ten is 1.1 g or less per 1000 kcal and for minimum score of zero is 2.0 g or more per 1000 kcal. Added 
sugars component includes caloric sweeteners and syrups used as sweeteners in other food products, as well as 
sugars added in food preparation, processing, and added at the table. The standard for maximum score of ten 
is 6.5% of energy or less and for minimum score of zero is 26% of energy or more. Saturated fats component 
calculated from saturated fatty acids content of daily food intake. The standard for maximum score of ten is 8% 
of energy or less and for minimum score of zero is 16% of energy or more.

The amount of food was calculated individually for each food item using the Food Patterns Equivalents 
Database 2015–201636.

Data analysis.  Food and nutrient intake data were compiled in Microsoft Excel software and matched to 
sociodemographic data. Differences in means or percentage distributions of sociodemographic characteristics 
were tested by t-test or chi-square test. The average intake of food and nutrients and HEI-2015 scores were 
presented as medians and accompanied by their respective interquartile ranges (IQRs). Differences in median 
intakes of food and nutrients and HEI-2015 scores were evaluated by Mann–Whitney test or Kruskal–Wallis 
test. Adjusted medians scores, as well as IQRs, were obtained from quantile regression. Quantile regression 
is used to adjust estimates of central tendency for distribution of highly skewed data37. Adjustment was made 
for socioeconomic factors including age, sex, educational status, and perceived financial status. All statistical 
analyses were performed with IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, NY, USA). 
This paper has reported results in accordance with STROBE-nut (Strengthening the Reporting of Observational 
studies in Epidemiology-Nutritional Epidemiology)38.

Ethics approval and consent to participate.  Approval for the research protocols and methodology 
was provided by the Ethical Committee of the Hungarian Scientific Council on Health (61327–2017/EKU). 
Participants gave their written informed consent in each study population in accordance with the Declaration of 
Helsinki and the Science Ethics Code of The Hungarian Academy of Sciences.

Results
Characteristics of the study participants.  Table 1 summarizes the sociodemographic characteristics 
and nutritional status of the study participants. The study sample of the present analysis included 393 subjects 
from the HR settlements of Northeast Hungary and 415 subjects from HG population living in the same geo-
graphical area. The average age of participants was not statistically different between study groups (43.8 years 
and 43.0 years, respectively), but representation of females was higher among participants from HR settlements 
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compared to HG group (73.3% vs. 55.7%). Educational level was significantly lower among HR population, with 
85.7% of them having only 8 years of elementary school or less. More than half of the participants in both groups 
perceived their financial situation as fair, but there was a larger proportion of HR participants experiencing poor 
financial situation compared to HG participants (29% vs. 12%), while 31.8% of HG perceived it as good com-
pared to 15.6% of HR. The nutritional status in both study groups was not significantly different as measured by 
average BMI values, but the distribution of nutritional status groups revealed a larger proportion of underweight 
and obese participants among HR.

Food and nutrient intake used for HEI‑2015 scores.  Representative food and nutrient intake of HEI-
2015 score components showed substantial differences between study groups, most of them statistically different 
(Table 2). Intakes of fruits, greens and beans, whole grains, seafood, and plant proteins (beans and nuts) were 
particularly low in both groups and statistically lower among HR participants. Median consumption of whole 
fruits and greens and beans was zero among HR and was significantly less than HG participants. The consump-
tion of whole grains and seafood and plant proteins was generally very low, with zero median values in both 
groups and significantly lower values among HR. Intake of refined grains, SFAs, and sodium were high among 
all participants, but not statistically different between groups. Average SFAs intake was slightly above the recom-
mended value of 10% of total energy intake. Daily sodium intakes were more than double of the recommenda-
tion. HR’s diet contained significantly more added sugar than HG’s while exceeding the recommended 10% of 
total energy intake.

Healthy Eating Index‑2015 scores of the study population.  Average HEI-2015 scores for HR and 
HG populations are presented in Table 3. Higher average scores represent overall better diet quality, and higher 
scores for adequacy components and for moderation components indicate better alignment to the current die-
tary recommendation. Figure 1 shows a radar plot of average Healthy Eating Index-2015 component scores for 
Hungarian Roma and general samples visualizing the multidimensional quality of the score. The median values 
of total HEI-2015 were below 50% of maximum points (100) and approximately 7 points less among HR, com-
pared to HG participants (41.18 vs. 48.05). Adequacy of total fruits, whole fruits, greens and beans, whole grains 
and seafood, and plant proteins were particularly unfavorable among both groups, with significantly lower 
median scores among HR. Dairy scores were poor for both groups and significantly lower among HR. Total 
protein foods score was the only adequacy component which met the maximum score of 5 for most participants 
in both groups. Moderation components scores for sodium were generally very poor, with zero values for 75% of 

Table 1.   Characteristics of the study participants. Data are presented as means (standard deviations) or 
numbers (percentages). *Differences in means or percentage distributions were tested by t-test or chi-square 
test. Educational level category had 3 missing values, perceived financial status had 10. Significant values are in 
[bold].

Variable a Hungarian Roma Hungarian General P*

Sex (females) 288 (73.3%) 231 (55.7%)  < 0.001

Age (years, x̄ (SD) 43.0 (13.0) 43.8 (12.6) 0.344

Age group

18–34 114 (29.0%) 106 (25.5%)

0.643
35–44 88 (22.4%) 102 (24.6%)

45–54 104 (26,5%) 107 (25.8%)

55–70 87 (22.1%) 100 (24.1%)

Educational level

Elementary 336 (85.7%) 89 (21.5%)

 < 0.001

Secondary 17 (4.3%) 90 (21.8%)

Vocational training 38 (9.7%) 168 (40.7%)

University degree 1 (0.3%) 66 (16.0%)

Missing 1 2

Perceived financial status

Good 61 (15.6%) 129 (31.8%)

 < 0.001
Fair 216 (55.1%) 229 (56.4%)

Poor 115 (29.3%) 48 (11.8%)

Missing 1 9

Nutritional status

BMI 27.7 (6.81) 27.2 (5.44) 0.308

Underweight 28 (7.1%) 11 (2.6%)

Normal 124 (31.6%) 141 (34.0%)

Overweight 97 (24.7%) 147 (35.4%)  < 0.001

Obese 144 (36.6%) 116 (28.0%)
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Table 2.   Food and nutrient intake used for Healthy Eating Index-2015 component scores. 1 Data represent 
average daily intake amounts in grams per 1000 kcal energy intake except in the cases indicated. Values are 
medians (25th–75th percentiles). 2 Includes 100% fruit juice. 3 all forms except juice. 4 Includes legumes (beans 
and peas). 5 Includes legumes and dark-green leafy vegetables. 6 Includes all milk products, such as fluid 
milk, yogurt, cheese, and fortified soy beverages. 7 Includes meat, poultry, seafood, beans and peas, eggs, and 
nuts and seeds. 8 Includes seafood, nuts, seeds, soy products (other than beverages), and legumes (beans and 
peas). 9 Ratio of poly-and mono-unsaturated fatty acids (PUFAs and MUFAs) to saturated fatty acids (SFAs). 
*Differences in the distribution of intakes were evaluated by Independent-Samples Mann–Whitney U test. 
Bold values represent significant differences.

Variable 1 Hungarian Roma Hungarian general P*

Fruits

Total fruits2 2.58 (0.00–54.5) 37.72 (0.00–91. 35)  < 0.001

Whole fruit intake3 0.00 (0.00–45.05) 31.13 (0.00–81.21) 0.000

Vegetables

Total vegetables4

Greens and beans5
127.266 (77.3–183.67)
0.00 (0.00–12.10)

135.99 (48.26–136.94)
4.83 (0.00–17.93)

0.160
 < 0.001

Grains

Whole grains 0.00 (0.00–0.00) 0.00 (0.00–20.51)  < 0.001

Refined grains 84.00 (57.83–108.48) 81.74 (58.57–105.77)  0.546

Dairy6 38.71 (14.18–89.69) 63.46 (28.47–117.97)  < 0.001

Protein Foods

Total protein foods7 98.32 (71.77–131.61) 108.18 (80.32–143.06) 0.003

Seafood and plant proteins8 0.00 (0.00–10.24) 3.60 (0.00–16.72)  < 0.001

Fats

Fatty acids9 1.90 (1.61–2.22) 1.91 (1.67–2.28) 0.382

Saturated fats (% of energy) 10.47 (7.97–13.24) 10.58 (8.31–12.64) 0.678

Added sugars (% of energy) 11.56 (5.53–18.84) 6.69 (3.20–11.47)  < 0.001

Sodium 2.36 (1.99–2.86) 2.45 (2.01–2.89) 0.245

Table 3.   Average Healthy Eating Index-20151 scores for Hungarian Roma and general samples. 1 The HEI-2015 
is a measure of diet quality and includes 13 components that capture the balance among food groups including 
those to encourage (adequacy components) and those for which there are limits (moderation components). 
Higher scores of adequacy components reflect higher intakes that meet the standards. Higher scores of 
moderation components indicate lower intakes that are more desirable. Intakes between the minimum and 
maximum standards are scored proportionately. a  Values are medians (25th-75th percentiles). Median values 
of components may not add up to median total HEI scores. *Differences in median scores were evaluated by 
Independent-Samples Mann–Whitney U test. Bold values represent significant differences.

Component a Maximum points Hungarian Roma Hungarian General P*

Total HEI-2015 score 100 41.18 (33.23–48.35) 48.05 (39.13–56.41)  < 0.001

Adequacy

Total fruits 5 0.11(0.00–2.27) 1.57 (0.00–3.81)  < 0.001

Whole fruits 5 0.00 (0.00–3.75) 2.60 (0.00–5.00)  < 0.001 

Total vegetables 5 3.86 (2.34–5.00) 4.13 (2.58–5.00) 0.129

Greens and beans 5 0.00 (0.00–2.02) 0.81 (0.00–2.99)  < 0.001

Whole grains 10 0.00 (0.00–0.00) 0.00 (0.00–4.82)  < 0.001 

Dairy 10 1.24 (0.46–2.88) 2.03(0.91–3.78)  < 0.001

Total protein foods 5 5.00 (5.00–5.00) 5.00 (5.00–5.00) 0.056

Seafood and plant proteins 5 0.00 (0.00–2.26) 0.79 (0.00–3.69)  < 0.001

Fatty acids 10 5.35 (3.19–7.82) 5.47 (3.62–8.34) 0.384

Moderation

Refined grains 10 5.35 (3.19–7.83) 5.66 (2.28–8.94) 0.513

Sodium 10 0.00 (0.00–0.15) 0.00 (0.00–0.00) 0.889

Added sugars 10 7.40 (3.67–10.0) 9.90 (7.45–10.0)  < 0.001

Saturated fats 10 6.91 (3.44–10.0) 6.77 (4.20–9.62) 0.848
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all participants and not different between HR and HG. Added sugar scored generally better in both groups but 
was less among HR. Scores for fatty acids and total SFAs were average and not different between groups.

Stratified analyses of HEI‑2015 scores.  We performed a stratified analysis of total HEI-2015 scores to 
explore differences in HEI-2015 scores while accounting for sociodemographic characteristics (Table 4). The 
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Figure 1.   Radar plot of average Healthy Eating Index-2015 component scores for Hungarian Roma and general 
samples*. *A radar plot displays information about each component score simultaneously. The outer edge of the 
“wheel” represents a score that is 100% of the maximum score for that component, while the centre of the circle 
represents a score of 0% of the score for any component.

Table 4.   Average Total Healthy Eating Index 2015 scores by sex, age, educational status, perceived financial 
situation, and BMI categories. *Values are medians (25–75th percentiles). **Differences in distribution of 
scores were evaluated by Mann–Whitney or Kruskal–Wallis test. Bold values represent significant differences 
between socioeconomic variables within groups of all participantsa, Hungarian Romab, and Hungarian 
Generalc.

Component * All participants a Hungarian Roma b Hungarian general c P**

Total HEI-2015 score 43.84 (36.78–52.81) 41.18 (33.23–48.35) 48.05 (39.13–56.41)  < 0.001

Sex

Male 43.01 (35.50–51.85) 39.96 (31.84–45.86) 46.55 (38.20–54.29) 0.072 a

Female 44.37 (37.26–53.33) 41.72 (33.90–49.08) 49.52 (39.58–54.29) 0.021 b

0.006 c

Age

18–34 42.78 (34.75–53.27) 39.50 (32.62–47.00) 49.28 (37.28–56.90) 0.025 a

35–44 42.95 (37.08–49.94) 41.36 (33.66–47.20 44.07(38.62–51.30) 0.107 b

45–54 44.04 (37.33–53.32) 40.58 (31.39–47.76) 48.33 (39.96–56.97) 0.026 c

55–70 46.65 (38.53–54.17) 43.20 (35.45–49.71) 50.34 (40.16–58.67)

Educational levels

Elementary 41.69 (33.99–49.14) 41.45 (33.17–48.61) 43.66 (37.20–51.58)  < 0.001a

Secondary 46.56 (39.03–53.94) 38.97 (32.62–42.07) 48.84 (41.84–57.42) 0.214 b

Vocational training 44.37 (37.50–54.34) 41.86 (33.35–49.36) 46.18.(37.84–55.95)  < 0.001c

University degree 56.14 (49.69–59.77) – 55.90 (49.60–60.04)

Perceived financial status

Poor 43.39 (37.18–52.46) 43.38 (36.39–51.33) 42.07 (37.21–54.45) 0.701 a

Fair 44.07 (37.17–52.42) 40.66 (33.10–47.16) 48.84 (40.29–56.48) 0.008 b

Good 44.02 (36.20–54.40) 36.43 (31.74–46.33) 48.39 (38.52–57.14) 0.240 c

Nutritional status

Underweight 39.31 (29.76–45.74) 35.49 (27.19–43.14) 48.39 (42.39–55.92) 0.002 a

Normal 42.95 (35.27–50.99) 39.96 (31.88–46.16) 46.35 (37.72–56.42) 0.004 b

Overweight 45.98 (37.68–54.36) 42.10 (33.93–50.32) 48.33 (38.71–57.60) 0.573 c

Obese 44.03(37.79–52.46) 42.25 (34.33–49.52) 49.49 (40.97–55.44)
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stratified analysis revealed no differences between sexes. Total-HEI-2015 was gradually better scored among 
older age groups but did not significantly differ among HR. Individuals with higher educational level had bet-
ter total HEI-2015 scores among the HG population, but not in case of HR. Self-perceived financial status was 
inconsistently associated with total HEI-2015 scores and showed higher scores among those HR who perceived 
their financial status as worse. Individuals belonging to underweight and normal nutritional status had lower 
total HEI-2015 scores than those belonging to overweight or obesity categories among the HR, but not among 
HG.

Adjusted median HEI‑2015 scores.  Results of quantile regression for total median HEI-2015 and its 
components scores, adjusted for age, sex, educational status, and perceived financial status for both HR and 
HG populations are presented in Table 5. Overall, there were little changes observed in adjusted median scores 
compared to the unadjusted ones. Differences between HR and HG remained similar and maintained the same 
direction. Adjusted median scores for whole grains, total protein foods, and sodium were not significantly dif-
ferent. All other adjusted median scores showed significantly lower values for HR than HG.

Discussion
In this report, we evaluated diet quality for a representative sample of Roma minority living in segregated colonies 
in Northeast Hungary, while comparing that of a HG sample. Overall, our evaluation indicated poor alignment 
to current dietary guidelines based on HEI-2015 total and component scores among both study groups (i.e., HR 
and HG), with HR often having worse scores.

Significant differences were found between HR and HG with regards to HEI-2015 scores in the adequacy of 
fruits, greens and beans, whole grains, seafood, and plant proteins and their intake was substandard among both 
groups, with HR having significantly lower scores. Lower overall socioeconomic status was seen among Roma 
minority sample compared to the HG group, but these discrepancies did not display any consistent association 
with dietary quality. The presence of educational and financial differences may suggest that drivers of poor diet 
quality can be attributed to the food environment rather than to the socioeconomic characteristics.

Diet is one of the main contributors to disparities in many diet-related NCDs among different populations, 
including ethnic groups. Several epidemiological studies have confirmed that diet quality follows a socioeconomic 
gradient, with the more disadvantaged groups having lower consumption of health-promoting food groups such 
as whole grains, lean meats, fish, low-fat dairy products, fresh vegetables and fruits, and higher consumption of 
refined grains and animal fats39–41. Overall, there is a lack of health research among disadvantaged populations 
and very few studies have been conducted for the Roma5.

The quality of diet and adherence to healthy dietary patterns was low among both groups and frequently worse 
among the HR. Adequacy component scores for fruits, dark green vegetables and beans, whole grains, seafood, 
and plant proteins reflected minimal consumption of those food groups in almost all participants. These scores 
were all significantly lower among the HR population compared to HG population. The median total and whole 
fruits scores were zero among the HR population, considering that 50% did not have a daily regular fruit intake, 
compared to 30% of the HG sample. Whole grains scores were one of the most unfavorable since 80% of the HR 
population and 50% of the HG group did not have any recorded intake of whole grain products. Similar low 

Table 5.   Estimated median Healthy Eating Index-2015 scores adjusted for age, sex, educational status, and 
perceived financial status by quantile regression. a Values are medians (25th–75th percentiles). Median values 
of components may not add up to median total HEI scores. b Differences in median scores were evaluated by 
Independent-Samples Mann–Whitney U test. Bold values represent significant differences.

Componenta Maximum points Hungarian Roma Hungarian general Pb

Total HEI-2015 score 100 41.64 (39.46–42.80) 47.20 (45.69–51.09)  < 0.001

Adequacy

Total fruits 5 0.10 (0.05–0.46) 1.71 (1.02–2.33)  < 0.001

Whole fruits 5 0.00 (0.00–0.00) 2.83 (1.63–3.86)  < 0.001

Total vegetables 5 4.14 (3.41–4.36) 4.18 (3.81–4.57)  < 0.001

Greens and beans 5 0.00 (0.00–0.00) 0.95 (0.36–1.17)  < 0.001

Whole grains 10 0.00 (0.00–0.00) 0.00 (0.00–0.00) 1.000

Dairy 10 1.41 (0.99–1.62) 1.86 (1.48–2.43)  < 0.001

Total protein foods 5 5.00 (5.00–5.00) 5.00 (5.00–5.00) 1.000

Seafood and plant proteins 5 0.00 (0.00–0.00) 0.58 (0.42–1.07)  < 0.001

Fatty acids 10 5.34 (5.07–5.71) 5.43 (5.06–5.78) 0.004

Moderation

Refined grains 10 5.56 (4.80–5.87) 5.97 (5.31–6.62)  < 0.001

Sodium 10 0.00 (0.00–0.00) 0.00 (0.00–0.00) 1.000

Added sugars 10 7.67 (6.39–8.06) 9.80 (8.57–10.0)  < 0.001

Saturated fats 10 6.88 (6.17–7.28) 6.94 (6.63–7.36) 0.018
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scores reflected minimal or no consumption of beans, dark green vegetables, nuts, and fish. Fatty acids scores 
(the ratio of poly- and mono-unsaturated fatty acids to SFAs) were approximately 5 to 10 in both groups, clearly 
indicating a higher share of SFAs. The only adequacy component that met the maximum value in more than 
75% of all participants was the total ‘protein foods’ score, although this is partly originated from the intake of red 
meat and processed meat. Such food intake has been convincingly associated with increased risk of colorectal 
cancer (CRC)42. CRC is a major health problem in Hungary, which has been reported to be the country with the 
highest age-standardized death rate per 100,000 population from CRC in the world43.

High intakes of refined grains and salt were mirrored in the moderation component scores. Added sugar 
scores looked better, but this might be due to general underreporting of sugar-sweetened beverages and con-
fectionery. Average SFAs scores indicated that half of the study participants had more than the recommended 
10% of total energy derived from saturated fatty acid intake, and they did not differ between HR and HG. The 
analysis of sociodemographic factors revealed that lowest educational level and poor perceived financial situ-
ation were associated with lowest total HEI-2015 scores in the total sample and HG but not in the case of HR. 
We observed similar differences in diet quality between HR and HG after adjustment of HEI-2015 scores to age, 
sex, educational level, and perceived financial status. This may suggest an independent effect of ethnicity on diet 
quality, which can arise from stronger attachment to traditional Eastern-European diet, characterized by high 
amounts of white bread and refined grain products, preserved vegetables, processed meat, and lard22.

Dietary patterns encompass food and nutrient consumption and have a better predictive value for diet-related 
NCDs risk, compared to individual foods or nutrients. Dietary guidelines highlight the importance of overall 
dietary patterns in the prevention of chronic diseases. Studying dietary patterns in relation to morbidity and 
mortality from chronic diseases is a competent and efficient method to evaluate the health effects of adherence 
to dietary guidelines44–46. Several countries have developed food based dietary guidelines (FBDGs) to promote 
health and prevent chronic diseases in their population. The dietary guidelines in Hungary followed the inter-
national food-based recommendations, the latest version was developed by the Hungarian Dietetic Association 
after the introduction of the American Dietary Guidelines in 2015, using an icon similar to MyPlate47. Results 
of a recent systematic review on the adherence to FBDGs across countries found that almost 40% of populations 
in both high-income and low-income countries did not adhere to their national FBDGs48,49.

The association of diet quality assessed by HEI-2015 and similar scores, with the risk of NCDs has been 
evaluated by several follow-up cohort studies. An updated systematic review and meta-analysis of cohort studies 
found that high-quality diets were associated with a significant reduction in the risk of all-cause mortality, CVDs, 
cancer, T2DM, and neurodegenerative disease by 22%, 22%, 16%, 18%, and 15%, respectively50.

The socioeconomic status, ethnicity, as well as perceived economic barriers, and perceived nutritional benefits 
all affect the dietary intake of individuals. Better scores for healthy eating have been consistently observed in 
higher socioeconomic populations, while scores for less healthy diet in lower socioeconomic populations across 
different countries41,51–55.

Such findings and our results are in line with our previous dietary analyses24,25, which evaluated the macro-
and micro-nutrients intake and their adequacy in relation to international recommended intake values for both 
HR and HG. In one of our previous studies, results indicated overall poor nutrient patterns for both groups, 
and nutrient profile of participants from Roma settlements had lower odds for achieving population nutrient 
intake goals24. In another work, we used nutrient-based scoring and adjusted regression models but observed no 
notable effect of Roma ethnicity on nutrient-based dietary patterns, except for the Dietary Inflammatory Index25.

In the present analysis diet quality and adherence to dietary guidelines, as assessed by HEI-2015 scores, 
was alarmingly poor among both HR and HG samples, but considerably worse among HR. The values of indi-
vidual component scores for fruits, greens and beans, whole grains, seafood, and plant proteins were extremely 
poor among participants and significantly lower among the HR population. Such observed poor diet quality 
has the potential to contribute to an increased risk of CVDs, which has been described previously in the same 
population13.

Previous results of comparative health surveys among inhabitants of Hungarian Roma settlements found 
that their health was poor and comparable to the health status of people in the lowest socioeconomic quartile 
of the general population7. The socioeconomic conditions of the Roma may explain their worse health status 
to a certain extent, but only partially determined their less healthy behaviors, indicating the effect of cultural 
differences56. A critical evaluation of health policies to integrate Roma communities into the European region 
has shown that there are many obstacles and that a comprehensive policy framework needs to be developed, 
including education, economic, labor market, housing, and environmental and territorial development policies57.

An investigation on the effects of the health policies implemented in the framework of the Decade of Roma 
Inclusion program showed that Roma remained severely disadvantaged as compared to the general population58. 
Compared to the general Hungarian population, the gap had narrowed with regards to employment, perceived 
financial status, utilization of primary health care, smoking, and daily consumption of fruits and vegetables, but 
widened with regards to education, self-reported health status, the use of secondary health care services and 
dental care, overweight and alcohol consumption. The association between deteriorated diet quality among HR 
and increased social disadvantage highlights the need for specifically targeted interventions among HR. The 
current Hungarian national strategy for the Roma does not specifically target the Roma ethnic minority, but all 
vulnerable groups, but health and nutrition policy is missing from these documents59.

Although our study provides a comprehensive dietary pattern analysis of the Roma populations living in seg-
regated colonies there are some limitations that need to be considered. Dietary measurement was based only on 
two days that may not capture the seasonal and long-term variations of the usual diet. There is a possibility that 
self-reported dietary intake provides biased results. Participants can forget to report some consumed foods (recall 
bias) or underreport their intake of well-known unhealthier foods and over-report their intakes of healthier foods 
(social desirability bias). Like any measure of a construct such as diet quality, the HEI-2015 has limitations. In 
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applications of self-report dietary intake data, such as our 24-h recall, it is important to consider the influence 
of measurement error in the interpretation of HEI-2015 scores. Different dietary components appear to be mis-
reported to different degrees60,61. To the extent that less healthy foods may be underreported, and more healthy 
foods may be over-reported, HEI scores based on self-report intake data may be overly favorable. The latter may 
mean that the current dietary situation maybe even worse than described. Another consideration, when using 
the HEI-2015 is that there can be multiple ways to arrive at the same total score (a score can be attained through 
very different profiles of component scores). To address this, we examined component scores, as well as total 
scores. In general, there is greater confidence regarding total scores at the higher and lower ends of the range of 
scores because they represent more homogenous diets across individuals. In addition, unlike the range of intakes 
for nutrients or food groups, HEI-2015 component, and total scores are truncated, and so may not capture some 
important information. For example, a high score for ‘total protein foods’ does not capture potentially excessive 
intakes, which could be further explored. Another important limitation is that the HEI-2015 has not yet been 
adapted and validated for the Hungarian population. HEI-2015 is based on the 2015–2020 Dietary Guidelines 
for Americans and not be entirely applicable to non-American populations due to existing differences between 
populations or cultures that might have significant variations in common foods consumed33,62–64.

Our sample is only representative for Roma populations living in segregated colonies in Northeast Hun-
gary, but not representative for the whole Roma population in Hungary. The Roma ethnicity status was also 
self-reported, but the identification was promoted by participation of Roma university students during the 
data collection process. The HG sample may include individuals of Roma ethnicity that can contribute to the 
underestimation of differences between the study groups.

Conclusions
In summary, we report differences in diet quality, operationalized as the HEI-2015, with the Roma ethnic minor-
ity having extremely poor and frequently worse scores compared to the HG population living in the same 
geographical area. To date, this is the first study in Hungary and elsewhere that uses food-level intake data to 
assess dietary quality, as well as adherence to food-based dietary guidelines among Roma minority. Our findings 
highlight a potentially increased risk for diet-related NCDs, that may particularly arise from inadequate intakes 
of important food groups. Future health intervention programs should focus on addressing diet disparities of 
ethnic groups and choose appropriate strategies that accommodate the ethnic and cultural differences of the 
Roma and consider their socio-economic barriers.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.

Received: 26 May 2022; Accepted: 3 November 2022

References
	 1.	 European Commission. Estimates and Official Numbers of Roma in Europe (2012). https://​rm.​coe.​int/​CoERM​Publi​cComm​onSea​

rchSe​rvices/​Displ​ayDCT​MCont​ent?​docum​entId=​09000​01680​088ea9
	 2.	 Pénzes, J. & Pásztor IZ, T. P. Changes in the spatial distribution of the Roma population in Hungary during the last decades (Hun-

garian). Területi Statisztika 58, 3–26. https://​doi.​org/​10.​15196/​TS580​101 (2018).
	 3.	 Kósa, K., Daragó, L. & Adány, R. Environmental survey of segregated habitats of Roma in Hungary: A way to be empowering and 

reliable in minority research. Eur. J. Public Health. 21, 463–468. https://​doi.​org/​10.​1093/​eurpub/​ckp097 (2011).
	 4.	 Hajioff, S. & McKee, M. The health of the Roma people: A review of the published literature. J. Epidemiol. Community Health. 54, 

864–869. https://​doi.​org/​10.​1136/​jech.​54.​11.​864 (2000).
	 5.	 Kósa, K. & Adány, R. Studying vulnerable populations: Lessons from the Roma minority. Epidemiology 18, 290–299. https://​doi.​

org/​10.​1097/​01.​ede.​00002​58919.​15281.​4f (2007).
	 6.	 Janka, E. A., Vincze, F., Ádány, R. & Sándor, J. Is the definition of Roma an important matter? The parallel application of self and 

external classification of ethnicity in a population-based health interview survey. Int. J. Environ. Res. Public Health. https://​doi.​
org/​10.​3390/​ijerp​h1502​0353 (2018).

	 7.	 Kósa, Z. et al. A comparative health survey of the inhabitants of Roma settlements in Hungary. Am. J. Public Health 97, 853–859. 
https://​doi.​org/​10.​2105/​ajph.​2005.​072173 (2007).

	 8.	 Simko, V. & Ginter, E. Short life expectancy and metabolic syndrome in Romanies (gypsies) in Slovakia. Cent. Eur. J. Public Health 
18, 16–18. https://​doi.​org/​10.​21101/​cejph.​b0011 (2010).

	 9.	 Dobranici, M., Buzea, A. & Popescu, R. The cardiovascular risk factors of the Roma (gypsies) people in central-Eastern Europe: 
A review of the published literature. J. Med. Life. 5, 382–389 (2012).

	10.	 European Commission. Report on the health status of the Roma population in the EU and the monitoring of data collection in 
the area of roma health in the member states. https://​ec.​europa.​eu/​health/​sites/​health/​files/​social_​deter​minan​ts/​docs/​2014_​roma_​
health_​report_​es_​en.​pdf.

	11.	 Vincze, F. et al. Prevalence of chronic diseases and activity-limiting disability among Roma and non-Roma people: A cross-
sectional, census-based investigation. Int. J. Environ. Res. Public Health. https://​doi.​org/​10.​3390/​ijerp​h1619​3620 (2019).

	12.	 Kósa, Z. et al. Prevalence of metabolic syndrome among Roma: A comparative health examination survey in Hungary. Eur. J. Public 
Health. 25, 299–304. https://​doi.​org/​10.​1093/​eurpub/​cku157 (2015).

	13.	 Ádány, R. et al. Prevalence of insulin resistance in the Hungarian general and Roma populations as defined by using data generated 
in a complex health (interview and examination) survey. Int. J. Environ. Res. Public Health. https://​doi.​org/​10.​3390/​ijerp​h1713​4833 
(2020).

	14.	 Piko, P. et al. Changes in the prevalence of metabolic syndrome, its components, and relevant preventive medication between 2011 
and 2018 in the Northeast Hungarian Roma population. J. Pers. Med. 11, 595 (2021).

	15.	 Piko, P., Kosa, Z., Sandor, J. & Adany, R. Comparative risk assessment for the development of cardiovascular diseases in the Hun-
garian general and Roma population. Sci. Rep. 11, 3085. https://​doi.​org/​10.​1038/​s41598-​021-​82689-0 (2021).

https://rm.coe.int/CoERMPublicCommonSearchServices/DisplayDCTMContent?documentId=0900001680088ea9
https://rm.coe.int/CoERMPublicCommonSearchServices/DisplayDCTMContent?documentId=0900001680088ea9
https://doi.org/10.15196/TS580101
https://doi.org/10.1093/eurpub/ckp097
https://doi.org/10.1136/jech.54.11.864
https://doi.org/10.1097/01.ede.0000258919.15281.4f
https://doi.org/10.1097/01.ede.0000258919.15281.4f
https://doi.org/10.3390/ijerph15020353
https://doi.org/10.3390/ijerph15020353
https://doi.org/10.2105/ajph.2005.072173
https://doi.org/10.21101/cejph.b0011
https://ec.europa.eu/health/sites/health/files/social_determinants/docs/2014_roma_health_report_es_en.pdf
https://ec.europa.eu/health/sites/health/files/social_determinants/docs/2014_roma_health_report_es_en.pdf
https://doi.org/10.3390/ijerph16193620
https://doi.org/10.1093/eurpub/cku157
https://doi.org/10.3390/ijerph17134833
https://doi.org/10.1038/s41598-021-82689-0


10

Vol:.(1234567890)

Scientific Reports |        (2022) 12:19213  | https://doi.org/10.1038/s41598-022-23670-3

www.nature.com/scientificreports/

	16.	 Micha, R. et al. Etiologic effects and optimal intakes of foods and nutrients for risk of cardiovascular diseases and diabetes: Sys-
tematic reviews and meta-analyses from the nutrition and chronic diseases expert group (NutriCoDE). PLoS ONE 12, e0175149. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​01751​49 (2017).

	17.	 Harmon, B. E. et al. Associations of key diet-quality indexes with mortality in the multiethnic cohort: The dietary patterns methods 
project. Am. J. Clin. Nutr. 101, 587–597. https://​doi.​org/​10.​3945/​ajcn.​114.​090688 (2015).

	18.	 Kennedy, E. T., Ohls, J., Carlson, S. & Fleming, K. The healthy eating index: Design and applications. J. Am. Diet Assoc. 95, 
1103–1108. https://​doi.​org/​10.​1016/​s0002-​8223(95)​00300-2 (1995).

	19.	 Trichopoulou, A., Costacou, T., Bamia, C. & Trichopoulos, D. Adherence to a Mediterranean diet and survival in a Greek popula-
tion. N. Engl. J. Med. 348, 2599–2608. https://​doi.​org/​10.​1056/​NEJMo​a0250​39 (2003).

	20.	 Fung, T. T. et al. Adherence to a DASH-style diet and risk of coronary heart disease and stroke in women. Arch. Int. Med. 168, 
713–720. https://​doi.​org/​10.​1001/​archi​nte.​168.7.​713 (2008).

	21.	 Chiuve, S. E. et al. Alternative dietary indices both strongly predict risk of chronic disease. J. Nutr. 142, 1009–1018. https://​doi.​
org/​10.​3945/​jn.​111.​157222 (2012).

	22.	 Boylan, S. et al. Dietary habits in three central and Eastern European countries: The HAPIEE study. BMC Public Health 9, 439. 
https://​doi.​org/​10.​1186/​1471-​2458-9-​439 (2009).

	23.	 Sarkadi Nagy, E. et al. Hungarian diet and nutritional status survey–the OTAP2009 study. II. Energy and macronutrient intake of 
the Hungarian population. Orv. Hetil. 153, 1057–1067. https://​doi.​org/​10.​1556/​oh.​2012.​29376 (2012).

	24.	 Llanaj, E. et al. Dietary profile and nutritional status of the Roma population living in segregated colonies in Northeast Hungary. 
Nutrients https://​doi.​org/​10.​3390/​nu120​92836 (2020).

	25.	 Llanaj, E. et al. Deteriorated dietary patterns with regards to health and environmental sustainability among Hungarian Roma are 
not differentiated from those of the general population. Nutrients https://​doi.​org/​10.​3390/​nu130​30721 (2021).

	26.	 EFSA Panel on Dietetic Products Nutrition Allergies. Scientific opinion on establishing food-based dietary guidelines. EFSA J. 8, 
1460 (2010).

	27.	 WHO/FAO. Preparation and use of food-based dietary guidelines/report of a joint FAO/WHO consultation, <https://​apps.​who.​
int/​iris/​handle/​10665/​42051> (1998).

	28.	 WCRF. Diet, Nutrition, Physical activity and cancer: A global perspective, <www.​dieta​ndcan​cerre​port.​org> (2018).
	29.	 Physical status: The use and interpretation of anthropometry. Report of a WHO Expert Committee. World Health Organ Tech 

Rep Ser. 854, 1–452 (1995).
	30.	 Llanaj, E., Ádány, R., Lachat, C. & D’Haese, M. Examining food intake and eating out of home patterns among university students. 

PLoS ONE 13, e0197874. https://​doi.​org/​10.​1371/​journ​al.​pone.​01978​74 (2018).
	31.	 NutriComp DietCad software. https://​www.​nutri​comp.​hu/.
	32.	 Biró, L. et al. Hungarian national dietary survey, 2003–2004 micronutrients: Mineral salts. Orv. Hetil. 148, 703–708. https://​doi.​

org/​10.​1556/​oh.​2007.​28017 (2007).
	33.	 Reedy, J. et al. Evaluation of the healthy eating index-2015. J. Acad. Nutr. Diet. 118, 1622–1633. https://​doi.​org/​10.​1016/j.​jand.​

2018.​05.​019 (2018).
	34.	 Krebs-Smith, S. M. et al. Update of the healthy eating index: HEI-2015. J. Acad. Nutr. Diet. 118, 1591–1602. https://​doi.​org/​10.​

1016/j.​jand.​2018.​05.​021 (2018).
	35.	 Millen, B. E. et al. The 2015 Dietary guidelines advisory committee scientific report: Development and major conclusions. Adv. 

Nutr. 7, 438–444. https://​doi.​org/​10.​3945/​an.​116.​012120 (2016).
	36.	 Bowman SA, C. J., Shimizu M, Friday JE, and Moshfegh AJ (2018) Food patterns equivalents database 2015–2016: Methodology 

and user guide [Online]. Food surveys research group, Beltsville human nutrition research center, agricultural research service, 
U.S. Department of Agriculture, Beltsville, Maryland. September 2018 Available at: http://​www.​ars.​usda.​gov/​nea/​bhnrc/​fsrg 

	37.	 McGreevy, K. M., Lipsitz, S. R., Linder, J. A., Rimm, E. & Hoel, D. G. Using median regression to obtain adjusted estimates of 
central tendency for skewed laboratory and epidemiologic data. Clin Chem. 55, 165–169. https://​doi.​org/​10.​1373/​clinc​hem.​2008.​
106260 (2009).

	38.	 Lachat, C. et al. Strengthening the reporting of observational studies in epidemiology-nutritional epidemiology (STROBE-nut): 
An extension of the STROBE statement. PLoS Med. 13, e1002036. https://​doi.​org/​10.​1371/​journ​al.​pmed.​10020​36 (2016).

	39.	 James, W. P., Nelson, M., Ralph, A. & Leather, S. Socioeconomic determinants of health. The contribution of nutrition to inequali-
ties in health. BMJ 314, 1545–1549. https://​doi.​org/​10.​1136/​bmj.​314.​7093.​1545 (1997).

	40.	 Darmon, N. & Drewnowski, A. Does social class predict diet quality?. Am. J. Clin. Nutr. 87, 1107–1117. https://​doi.​org/​10.​1093/​
ajcn/​87.5.​1107 (2008).

	41.	 Satia, J. A. Diet-related disparities: Understanding the problem and accelerating solutions. J. Am. Diet Assoc. 109, 610–615. https://​
doi.​org/​10.​1016/j.​jada.​2008.​12.​019 (2009).

	42.	 Händel, M. N. et al. Processed meat intake and incidence of colorectal cancer: A systematic review and meta-analysis of prospec-
tive observational studies. Eur J Clin Nutr. 74, 1132–1148. https://​doi.​org/​10.​1038/​s41430-​020-​0576-9 (2020).

	43.	 Sung, H. et al. Global cancer statistics 2020: GLOBOCAN Estimates of incidence and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J. Clin. 71, 209–249. https://​doi.​org/​10.​3322/​caac.​21660 (2021).

	44.	 Schwerin, H. S., Stanton, J. L., Smith, J. L., Riley, A. M. Jr. & Brett, B. E. Food, eating habits, and health: A further examination of 
the relationship between food eating patterns and nutritional health. Am. J. Clin. Nutr. 35, 1319–1325. https://​doi.​org/​10.​1093/​
ajcn/​35.5.​1319 (1982).

	45.	 Huijbregts, P. et al. Dietary pattern and 20 year mortality in elderly men in Finland, Italy, and The Netherlands: Longitudinal cohort 
study. BMJ 315, 13–17. https://​doi.​org/​10.​1136/​bmj.​315.​7099.​13 (1997).

	46.	 Hu, F. B. Dietary pattern analysis: A new direction in nutritional epidemiology. Curr. Opin. Lipidol. 13, 3–9. https://​doi.​org/​10.​
1097/​00041​433-​20020​2000-​00002 (2002).

	47.	 New Hungarian Dietary Guidelines. Hungarian dietetic association. (Okostányér. Új magyar táplálkozási ajánlás), <https://​mdosz.​
hu/​uj-​tapla​lkoza​si-​ajanl​asok-​okos-​tanyer/> (

	48.	 Preparation and use of food-based dietary guidelines. Report of a joint FAO/WHO consultation. FAO/WHO. World Health Organ 
Tech .Rep. Ser. 880, i-vi 1–108 (1998).

	49.	 Leme, A. C. B., Hou, S., Fisberg, R. M., Fisberg, M. & Haines, J. Adherence to food-based dietary guidelines: A systemic review of 
high-income and low- and middle-income countries. Nutrients https://​doi.​org/​10.​3390/​nu130​31038 (2021).

	50.	 Schwingshackl, L., Bogensberger, B. & Hoffmann, G. Diet quality as assessed by the healthy eating index, alternate healthy eating 
index, dietary approaches to stop hypertension score, and health outcomes: An updated systematic review and meta-analysis of 
cohort studies. J. Acad. Nutr. Diet. 118, 74-100.e111. https://​doi.​org/​10.​1016/j.​jand.​2017.​08.​024 (2018).

	51.	 Giskes, K., Lenthe Fv, F., Brug, H. J. & Mackenbach, J. Dietary intakes of adults in the Netherlands by childhood and adulthood 
socioeconomic position. Eur. J. Clin. Nutr. 58, 871–880. https://​doi.​org/​10.​1038/​sj.​ejcn.​16018​89 (2004).

	52.	 Beydoun, M. A. & Wang, Y. How do socio-economic status, perceived economic barriers and nutritional benefits affect quality of 
dietary intake among US adults?. Eur. J. Clin. Nutr. 62, 303–313. https://​doi.​org/​10.​1038/​sj.​ejcn.​16027​00 (2008).

	53.	 Backholer, K. et al. The association between socio-economic position and diet quality in Australian adults. Public Health Nutr. 19, 
477–485. https://​doi.​org/​10.​1017/​s1368​98001​50014​70 (2016).

	54.	 Marques-Vidal, P. et al. Sociodemographic and behavioural determinants of a healthy diet in Switzerland. Ann. Nutr. Metab. 67, 
87–95. https://​doi.​org/​10.​1159/​00043​7393 (2015).

https://doi.org/10.1371/journal.pone.0175149
https://doi.org/10.3945/ajcn.114.090688
https://doi.org/10.1016/s0002-8223(95)00300-2
https://doi.org/10.1056/NEJMoa025039
https://doi.org/10.1001/archinte.168.7.713
https://doi.org/10.3945/jn.111.157222
https://doi.org/10.3945/jn.111.157222
https://doi.org/10.1186/1471-2458-9-439
https://doi.org/10.1556/oh.2012.29376
https://doi.org/10.3390/nu12092836
https://doi.org/10.3390/nu13030721
https://apps.who.int/iris/handle/10665/42051
https://apps.who.int/iris/handle/10665/42051
http://www.dietandcancerreport.org
https://doi.org/10.1371/journal.pone.0197874
https://www.nutricomp.hu/
https://doi.org/10.1556/oh.2007.28017
https://doi.org/10.1556/oh.2007.28017
https://doi.org/10.1016/j.jand.2018.05.019
https://doi.org/10.1016/j.jand.2018.05.019
https://doi.org/10.1016/j.jand.2018.05.021
https://doi.org/10.1016/j.jand.2018.05.021
https://doi.org/10.3945/an.116.012120
http://www.ars.usda.gov/nea/bhnrc/fsrg
https://doi.org/10.1373/clinchem.2008.106260
https://doi.org/10.1373/clinchem.2008.106260
https://doi.org/10.1371/journal.pmed.1002036
https://doi.org/10.1136/bmj.314.7093.1545
https://doi.org/10.1093/ajcn/87.5.1107
https://doi.org/10.1093/ajcn/87.5.1107
https://doi.org/10.1016/j.jada.2008.12.019
https://doi.org/10.1016/j.jada.2008.12.019
https://doi.org/10.1038/s41430-020-0576-9
https://doi.org/10.3322/caac.21660
https://doi.org/10.1093/ajcn/35.5.1319
https://doi.org/10.1093/ajcn/35.5.1319
https://doi.org/10.1136/bmj.315.7099.13
https://doi.org/10.1097/00041433-200202000-00002
https://doi.org/10.1097/00041433-200202000-00002
https://mdosz.hu/uj-taplalkozasi-ajanlasok-okos-tanyer/
https://mdosz.hu/uj-taplalkozasi-ajanlasok-okos-tanyer/
https://doi.org/10.3390/nu13031038
https://doi.org/10.1016/j.jand.2017.08.024
https://doi.org/10.1038/sj.ejcn.1601889
https://doi.org/10.1038/sj.ejcn.1602700
https://doi.org/10.1017/s1368980015001470
https://doi.org/10.1159/000437393


11

Vol.:(0123456789)

Scientific Reports |        (2022) 12:19213  | https://doi.org/10.1038/s41598-022-23670-3

www.nature.com/scientificreports/

	55.	 Mello, A. V. et al. Determinants of inequalities in the quality of Brazilian diet: Trends in 12-year population-based study (2003–
2015). Int. J. Equity Health. 17, 72. https://​doi.​org/​10.​1186/​s12939-​018-​0784-2 (2018).

	56.	 Vokó, Z. et al. Does socioeconomic status fully mediate the effect of ethnicity on the health of Roma people in Hungary?. J. Epi-
demiol. Community Health. 63, 455–460. https://​doi.​org/​10.​1136/​jech.​2008.​079715 (2009).

	57.	 Fésüs, G., Östlin, P., McKee, M. & Ádány, R. Policies to improve the health and well-being of Roma people: The European experi-
ence. Health Policy 105, 25–32. https://​doi.​org/​10.​1016/j.​healt​hpol.​2011.​12.​003 (2012).

	58.	 Sándor, J. et al. The decade of Roma Inclusion: Did it make a difference to health and use of health care services?. Int. J. Public 
Health. 62, 803–815. https://​doi.​org/​10.​1007/​s00038-​017-​0954-9 (2017).

	59.	 European comission. National strategy for Roma integration. Hungarian national social inclusion strategy, <https://​ec.​europa.​
eu/​info/​polic​ies/​justi​ce-​and-​funda​mental-​rights/​comba​tting-​discr​imina​tion/​roma-​eu/​roma-​equal​ity-​inclu​sion-​and-​parti​cipat​
ion-​eu-​count​ry/​hunga​ry_​lt> (

	60.	 Freedman, L. S. et al. Pooled results from 5 validation studies of dietary self-report instruments using recovery biomarkers for 
energy and protein intake. Am. J. Epidemiol. 180, 172–188. https://​doi.​org/​10.​1093/​aje/​kwu116 (2014).

	61.	 Freedman, L. S. et al. Pooled results from 5 validation studies of dietary self-report instruments using recovery biomarkers for 
potassium and sodium intake. Am. J. Epidemiol. 181, 473–487. https://​doi.​org/​10.​1093/​aje/​kwu325 (2015).

	62.	 Kirkpatrick, S. I. et al. Applications of the healthy eating index for surveillance, epidemiology, and intervention research: Consid-
erations and caveats. J. Acad. Nutr. Diet. 118, 1603–1621. https://​doi.​org/​10.​1016/j.​jand.​2018.​05.​020 (2018).

	63.	 Millar, S. R., Navarro, P., Harrington, J. M., Perry, I. J. & Phillips, C. M. Dietary quality determined by the healthy eating index-2015 
and biomarkers of chronic low-grade inflammation: A cross-sectional analysis in middle-to-older aged adults. Nutrients https://​
doi.​org/​10.​3390/​nu130​10222 (2021).

	64.	 dePaula Matos Souza, J., Magela de Lima, M. & Martins Horta, P. Diet quality among the Brazilian population and associated 
socioeconomic and demographic factors: Analysis from the national dietary survey 2008–2009. J. Acad. Nutr. Diet. 119, 1866–1874. 
https://​doi.​org/​10.​1016/j.​jand.​2019.​04.​014 (2019).

Acknowledgements
The authors would like to acknowledge the study participants and data collectors for their time and for mak-
ing the study possible. This paper is a contribution of the authors to the UN Decade of Action on Nutrition 
(2016–2025): https://​www.​un.​org/​nutri​tion/.

Author contributions
H.B. and R.A. conceptualized the analyses presented in this paper. Data were curated by H.B., E.L., F.V. and P.P. 
Formal analysis was conducted by H.B. and F.V. E.L., F.V., R.A., J.S. and Z.K. designed and implemented the 
study. H.B wrote the original draft and R.A., E.L; J.D. and F.V reviewed and edited the manuscript. All authors 
critically reviewed the manuscript, contributed to the intellectual content, and approved the final manuscript.

Funding
Open access funding provided by University of Debrecen. This work was supported by the GINOP-2.3.2–15-
2016–00005 project. The project is co-financed by the European Union under the European Social Fund and 
European Regional Development Fund, as well as by the Hungarian Academy of Sciences (TK2016-78). Project 
no. 135784 has also been implemented with the support provided from the National Research, Development 
and Innovation Fund of Hungary, financed under the K_20 funding scheme.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.B.

Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

https://doi.org/10.1186/s12939-018-0784-2
https://doi.org/10.1136/jech.2008.079715
https://doi.org/10.1016/j.healthpol.2011.12.003
https://doi.org/10.1007/s00038-017-0954-9
https://ec.europa.eu/info/policies/justice-and-fundamental-rights/combatting-discrimination/roma-eu/roma-equality-inclusion-and-participation-eu-country/hungary_lt
https://ec.europa.eu/info/policies/justice-and-fundamental-rights/combatting-discrimination/roma-eu/roma-equality-inclusion-and-participation-eu-country/hungary_lt
https://ec.europa.eu/info/policies/justice-and-fundamental-rights/combatting-discrimination/roma-eu/roma-equality-inclusion-and-participation-eu-country/hungary_lt
https://doi.org/10.1093/aje/kwu116
https://doi.org/10.1093/aje/kwu325
https://doi.org/10.1016/j.jand.2018.05.020
https://doi.org/10.3390/nu13010222
https://doi.org/10.3390/nu13010222
https://doi.org/10.1016/j.jand.2019.04.014
https://www.un.org/nutrition/
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Diet quality as assessed by Healthy Eating Index-2015 among Hungarian Roma living in settlements of Northeast Hungary
	Materials and methods
	Study design and data. 
	Healthy Eating Index-2015 score. 
	Data analysis. 
	Ethics approval and consent to participate. 

	Results
	Characteristics of the study participants. 
	Food and nutrient intake used for HEI-2015 scores. 
	Healthy Eating Index-2015 scores of the study population. 
	Stratified analyses of HEI-2015 scores. 
	Adjusted median HEI-2015 scores. 

	Discussion
	Conclusions
	References
	Acknowledgements


