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SUMMARY
Roma constitute the largest ethnic minority in Europe and the second largest minority in Slovakia. Their health problems originate mainly from 

their low socioeconomic status, certain cultural aspects and their health-threatening lifestyle as well as the psycho-social burden arising from 
poverty and frequent migration. 

Evaluation of glucose, albumin, triacylglycerol (TAG) and low density lipoprotein cholesterol (LDL-C) concentrations did not reveal any clue 
about the presumed deteriorated health of the Roma population. Higher proportions of subjects with elevated serum total cholesterol were found 
in Roma women as compared to both control groups of women (p = 0.027, p = 0.006) and in Roma men as compared to the male control group 
living in standard conditions. Only the low level of HDL-cholesterol gives a glimpse of their deteriorated health. Significantly lower levels of serum 
HDL-C were reported in Roma men and women compared to the respondents in both control groups with a p value of p < 0.001.

Comparing the ratio of LDL-C/HDL-C yielded significant differences between the number of physiological values in Roma men and men from 
the control group 1 (p = 0.022) in favour of the control group. 

When comparing the number of people with physiological values of cholesterols and with worsening TAG parameters at the same time, the 
increased risk of Roma men compared with men from the control group 1 became evident, with a level of significance of p = 0.023. 

Evaluation of urine samples pointed to significantly higher concentrations of urinary protein in Roma women compared with women in the 
control group 1 (p = 0.012). 
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INTRODUCTION

Roma constitute the largest ethnic minority in Europe (1, 2). 
Over 8 million Roma live across Europe, with the largest com-
munities residing in Romania, Bulgaria, Spain, Hungary, and 
Slovakia (3–5). The exact number of Roma living in Slovakia 
is not known since they often do not report their Roma origins. 
According to the “Summary Report on Roma” from 2002, their 
number in the Slovak Republic was estimated to be 365,000, 
with an expected increase to 515,000 by 2020, given the current 
population curve (6). From a geographical point of view, most 
Roma in Slovakia live in the southern part of central and eastern 
Slovakia, mainly in separated and segregated settlements (7–10).

Roma history dates back to the period after the resettlement 
of poor nomads from the Indian peninsula in the 9–13th century. 
In the first years after they entered Europe, they were initially 

received hospitably. The situation changed after their excom-
munication by the Catholic Church in the 15th century. Their 
persecution culminated during World War II, and the violent and 
often unprofessional assimilation of Roma after 1945 did not 
improve their situation. 

Roma often were and continue to be labelled as socially 
backward people in need of basic re-education regarding social 
and hygienic issues (6). Their health risks are based on their low 
socioeconomic status, certain cultural aspects and their health-
threatening lifestyle as well as the psycho-social burdens arising 
from poverty and frequent migration (1, 2, 11–17). The results 
of studies by Carrasco-Garrido et al. (5) and Dolinská et al. (18) 
point out, for example, that Roma women are more likely to suffer 
from obesity than non-Roma women. 

Every culture has its own specifics, reflected in the lifestyle 
of its members. Analyses in clinical biochemistry are designed to 
assess health status and to allow on-going pathological processes 
of living systems to be defined and changes in specifications of 
parameters to be proposed. 
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The aim of the present work was to investigate a panel of basic 
biochemical parameters (available also at the outpatient clinics 
of general practitioners) of Roma in appropriate control groups: 
the control group 1 – people living in the vicinity of segregated 
Roma and presumably in similar conditions as the Roma; and the 
control group 2 – living outside of these communities, presumably 
in standard conditions of eastern Slovakia. The following serum 
and urinary parameters were involved in the present study: glu-
cose, lipid profile (with calculated LDL values), serum albumin, 
urinary glucose, ketone bodies, and proteins.

A broader aim of this study is to answer the question whether 
the health status of Roma has improved after the efforts of relevant 
bodies from the European Union. The results in perspective could 
serve the competent national authorities to prepare and implement 
appropriate measures in the field of public health. 

MATERIALS AND METHODS

Respondents
Respondent recruitment methods are described in detail 

by Madarasová Gecková et al. (19). The respondents of the 
HepaMeta project (N = 855; 344 men and 511 women) were 
divided according to the place of residence into three following 
categories: 
•	 1st	 category:	 people	 from	 segregated	Roma	 communities,	

identified as Roma (N = 422; 155 men and 267 women);
•	 2nd	category:	people	living	in	the	vicinity	of	segregated	Roma	

communities, constituting control group 1 (N = 134; 63 men 
and 71 women);

•	 3rd	category:	people	living	outside	the	area	of	segregated	Roma	
communities, constituting control group 2 (N = 219; 111 men 
and 108 women).
The basic biochemical parameters of Roma were compared 

with the results of people of the control group 1 and 2, which 
served as comparative values. The reason of setting two control 
groups was to preclude the adverse environmental impact on the 
health status of Roma living in the studied area. Of the initial 855 
respondents, 775 (329 men and 446 women) fulfilled all criteria 
and were included in the analysis. 

The study was approved by the Ethics Committee of the  
P. J. Šafárik University in Košice. Participation in the study was 
fully voluntary and anonymous. Detailed information about the 
study and its procedures was given to all respondents, and in-
formed consent was obtained prior to the medical examination. 

Material Collection for Biochemical Measurements
Serum glucose, total cholesterol (TC), low-density lipoprotein-

cholesterol (LDL-C) triacylglycerols (TG) and high-density 
lipoprotein-cholesterol (HDL-C) were examined. All endpoints 
were determined by the selective biochemical analyser ADVIA 
2400, Siemens – Bayer. Selected diagnostic criteria for metabolic 
syndrome (MS) and cardiovascular disease (CVD) risk factor used 
in the study are listed in paper by Madarasová Gecková et al. (19).  

Urine proteins, glucose and ketone bodies were evaluated semi-
quantitatively using the 10 parameter urine strip test Dekaphan  
Leuco (Erba Lachema, CZ). 

Data Analysis
Differences between group means were performed by analysis 

of variance (ANOVA) with a multiple comparison post testing 
(Tukey).

Additional data analysis was performed by statistical evalu-
ation expressed in significance of differences in the number of 
physiological values of selected biochemical parameters in Roma 
and the control groups, using Pearson’s chi-square test. 

Because of the large number of analyses, p value < 0.001 
was estimated as being statistically significant. Means, standard 
deviations, medians and ranges are reported in terms of original 
distributions. Results are summarised in Tables 1–4.

RESULTS

Ethnic and Age Composition of Probands
The study group consisted of 422 subjects of Roma origin (155 

men and 267 women). A total of 353 probands were subdivided 
into the control categories according to the inclusion criteria de-
scribed in the methodology. 134 subjects who formed the control 
group 1 and 219 probands of the control group 2 represented 46% 
of all probands. Mean age of probands was 34.1 years (SD ± 8.4), 
ranging from 18 to 55 years of age. 

Overview of Selected Serum and Urinary Parameters
The greatest variance in values of serum glucose was observed 

in Roma with a range of 3.0–14.6 mmol/l; values in the control 
groups ranged between 3.7–9.8 mmol/l. Nevertheless, the me-
dian value of the serum glucose level was lower among Roma 
when compared with the control group 2. Serum albumin means 
indicated significant differences in values for Roma women and 
women in the control group 1 (Table 1). The lowest values of 
serum TC levels were recorded in Roma men, with a maximum 
value of 7.4 mmol/l. The maximum level of TC in Roma women, 
which was one of the highest of all values, was 8.7 mmol/l. Despite 
this fact, the mean value of TC in women as well as in men was 
one of the lowest values (4.8 mmol/l and 4.7 mmol/l in women and 
men, respectively) and was significantly lower when compared 
to men in the control group 2 and women in the control group 
1 (Table 1). The difference in serum TG levels was significant 
when comparing the values for men and women, regardless of 
their origin, with higher values in men than in women. Mean 
values were as follows: 1.5 mmol/l, 1.4 mmol/l, 1.3 mmol/l in 
Roma men, men in the control group 1 and in the control group 
2, respectively; and 1.2 mmol/l, 1.1 mmol/l, 1.2 mmol/l in Roma 
women, and women in the control groups 1 and 2, respectively. 
Conversely, significantly lower levels of serum HDL-C were 
reported in Roma men and women compared to the respondents 
in both control groups with a p value of p < 0.001. High values 
with a median of 1.4 mmol/l exceeding the physiological range 
were observed in women from the control groups. The mean 
value of LDL-C level was within physiological ranges in the total 
study group, nevertheless, statistically significant difference was 
reported in Roma men and men in the control group 1 (Table 1).

Interesting although not surprising is the result of semi-quanti-
tative evaluation of urine samples. The highest concentrations of 
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urinary protein (5 g/l) were observed in women, more specifically 
in Roma women. Maximum levels of 15 mmol/l urinary ketone 
bodies were observed among both Roma women and women 
from the control group 2.

DISCUSSION

Blood and Urinary Glucose
Vozarova de Courten et al. (21) conducted a study on the 

Roma living in western Slovakia. Their study involved 156 Roma 
people and 501 people from the majority population and found 
a much higher prevalence of type 2 diabetes mellitus, metabolic 
syndrome and cardiovascular disease. These results are consistent 
with those of Carrasco-Garrido et al. (5) who claim that 7% of 
Roma in Spain have diabetes mellitus type 2.

Results of determination of serum glucose levels of Roma 
in eastern Slovakia compared with both control groups did not 
indicate significant differences (Table 1). 

Physiological levels of serum glucose (Table 2) were observed 
in 90% of Roma men (10% with pathologically increased glucose) 
and in 89% of Roma women (4% with pathologically increased 
glucose). Statistically significant was the difference in number 

of probands with physiological values among Roma men and 
men in the control group 2 (p = 0.040) and among Roma women 
and women in the control group 2 (p = 0.009). None of these 
subjects had glucose concentration above 1.4 mmol/l detected 
in their urine.

Difference in number of probands with physiological values 
of urinary glucose was not significant (Table 2). High maximum 
levels of urinary glucose were observed in Roma women as well 
as in men (both 55 mmol/l), which did not necessarily indicate 
an increased prevalence of diabetes, but rather pointed to a non-
compensated disease resulting from neglect of medical check-ups.

Urinary ketone bodies were observed among men, Roma 
women and women from the control group 2 which draw attention 
not only to ketosis but probably also to the deliberate starvation 
of women in the control group prior to urine collection (Table 2).  

Parameters of Lipid Metabolism
According to Carrasco-Garrido et al. (5) and Vozarova de 

Courten et al. (21) Spanish Roma women as well as the Roma in 
western Slovakia are more likely to suffer from obesity than the 
majority population. In contrast to their findings, the Roma popu-
lation in eastern Slovakia is apparently not suffering from obesity 
as indicated by the results of Babinska et al. (22). Differences may 

Men Women
Roma 
N=155

CG 1 
N=63

CG 2 
N=111

Roma 
N=267

CG 1 
N=71

CG 2 
N=108

Serum glucose1 (mmol/l) 4.8±0.7 4.8±0.6 5.0±0.7 4.6±0.7 4.6±0.5 4.8±0.5
Serum albumin (g/l) 47.7±2.6 48.1±2.6 47.7±2.5 46.0±2.7 47.2±4.3* 46.2±2.4
Serum TC (mmol/l) 4.7±1.0 5.0±1.1 5.2±1.0*** 4.8±1.0 5.2±0.8* 5.1±0.9
Serum TG (mmol/l) 1.5±1.0 1.4±1.2 1.3±0.7 1.2±0.8 1.1±0.7 1.2±0.7
HDL-C1 (mmol/l) 1.0±0.4 1.2±0.3*** 1.1±0.3*** 1.1±0.3 1.4±0.4*** 1.4±0.5***
LDL-C (mmol/l) 2.5±0.7 2.6±0.8 2.8±0.7** 2.5±0.7 2.7±0.6 2.5±0.6

Table 1. Basic biochemical parameters of Roma and non-Roma

CG 1 = control group 1; CG 2 = control group 2, ns – statistically not significant difference
Values are reported as mean ± SD unless otherwise indicated
1Median ± IQR
Asterisks indicate significant differences (adjusted for sex) between Roma’s and non-Roma’s (ANOVA, Turkey Multiple Comparison post testing).  
*p<0.05; **p<0.01; ***p<0.001

Men Women
Roma
N=155

CG 1
N=63 p value CG 2

N=111 p value Roma
N=267

CG 1
N=71 p value CG 2

N=108 p value

Serum glucose 90% 94% ns 96% 0.040 89% 90% ns 97% 0.009
Serum albumin 90% 89% ns 90% ns 97% 93% ns 98% ns
Serum TC 69% 63% ns 53% 0,008 67% 49% 0,006 58% ns
Serum TG 81% 83% ns 84% ns 90% 92% ns 92% ns
HDL-C 33% 62% <0.001 56% <0.001 32% 51% 0.004 41% ns
LDL-C 91% 84% ns 87% ns 92% 90% ns 94% ns
Urine proteins 56% 70% ns 52% ns 44% 61% 0.012 54% ns
Urine glucose 95% 98% ns 99% ns 98% 100% ns 100% ns
Urine ketone bodies 97% 95% ns 97% ns 98% 99% ns 97% ns

CG 1 = control group 1; CG 2 = control group 2, ns – statistically not significant difference

Table 2. Prevalence of probands with physiological values of basic biochemical parameters
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arise as a result of uneven social situation in Slovakia. Vozarova 
de Courten et al. (21) reports a statistically significant difference 
in the level of serum TG in Roma residing in western Slovakia 
compared to the majority with p < 0.001. Zeljko et al. achieved 
among Croatian Roma similar results as Vozarova de Courten 
et al. in their study. Zeljko et al. point out 64% of pathological 
values of TC but better results of HDL-C in Croatian Roma than 
in the majority population (21, 23). 

In this study, physiological values of TC were observed in 
69% of Roma men and 67% of Roma women (Table 2). The 
data observed in the control group were significantly lower: 53%  
(p = 0.008) men in the control group 2 and only 49% (p = 0.006) 
women in the control group 1 had physiological values of the 
examined parameter (Table 2). 

The difference in number of subjects with physiological lev-
els of TG did not vary in Roma and non-Roma but pointed to a 
deteriorated health of the whole study group (Table 2).  

When evaluating the number of probands with physiological 
values of TC and pathological values of TG at the same time, 
significantly higher number of Roma men compared to men in 
the control group 1 was observed (Table 3). As indicated above, 
number of respondents with pathological values of TG itself did 
not show differences between Roma and non-Roma, differences 
have emerged after adjustment for serum cholesterol, emphasizing 
the importance of TG even at physiological values of TC, similarly 
as pointed out in the work of Cambien et al. (24). 

Among men, the highest percentages of pathological values of 
both TC and TG (20%) were detected in the control group 2, i.e. 
in the non-Roma population living far from the Roma settlements 
(Table 3). Among women, no variations were observed between 
the individual groups. 

The values of HDL-C level in Roma are alarming. Statistical 
analysis pointed to statistically significant differences between 
number of probands with physiological HDL-C in Roma men and 
men in both control groups, with a significance level of p < 0.001, 
while a significance of p = 0.004 was observed by comparison of 
HDL-C levels of Roma women and women from the control group 
1 (Table 2). One of the possible reasons of higher occurrence of 
pathological values may be genetic predisposition of the Roma 
population, similar to the confirmed genetic propensity of Roma 
to renal failure (25) or to various risk of cardiovascular diseases 
confirmed among ethnic minorities in Canada (26). The second 
may be regular alcohol consumption, which significantly affects 
the levels of the mentioned parameters, thus increases the risk of 
cardiovascular disease development. 

Although it is still not part of the National Cholesterol European 
Program (NCEP) guidelines, the balance between LDL and HDL 
is considered as a key marker of cardiovascular risk, making the 
LDL-C/HDL-C ratio a valuable tool for the assessment and clini-
cal management of individuals at risk for heart disease (27–30). 
Several large epidemiological and clinical studies have found 
the LDL-C/HDL-C ratio to be an excellent predictor of coronary 
heart disease (CHD) among those with elevated TG levels (28) 
and in elderly people (20). Earlier studies evaluating the impact 
of dietary cholesterol on serum cholesterol focused on TC as the 
primary marker for risk, but recent studies have shown that dietary 
cholesterol increases both LDL-C and HDL-C with little change 
in the LDL-C/HDL-C ratio (31, 32). Evaluation of LDL-C/HDL-
C in the present study showed a significant difference between 
Roma men and men from the control group 1 (p = 0.022) (Table 3).

Parameters of Protein Metabolism
Chronic kidney disease affects a significant portion of the 

world population, with a prevalence of 7.2% in adults over age 30 
and dramatically increasing to 23.4–35.8% over age 65 (33). It is 
estimated that the exact number of CKD patients at least double 
the number of clinically treated patients, and this fact negatively 
contributes to the process of successful cure and induction of the 
state of remission. The evidence of possible patients with neph-
ropathy results in a closer comparison of serum and urine glucose 
as well as comparison of serum TC level and urine protein level. 
A	study	by	Koľvek	et	al.	(25)	shows	that	the	risk	of	end-stage	
renal disease is significantly higher among Roma than among non-
Roma, probably due to their genetic propensity to renal failure. 

The presence of proteins in urine of Roma women is repre-
sented by a maximum value of 5 g/l and median 0.3 g/l (p = 0.012) 
(Table 2). In 2% of Roma women an elevated level of urine 
glucose was recorded. The protein presence in urine is believed 
to be related to inadequate hygiene habits in Roma woman or 
improper collection of biological material by probands. Results 
of physiological values of serum TC level and pathological values 
of urinary protein level at the same time draw attention to the fol-
lowing significant differences: p = 0.021 and p = 0.045 between 
Roma men and men in the control group 1 and 2, respectively; 
p = 0.004 between Roma women and women from the control 
group 2; p < 0.001 between Roma women and women from the 
control group 1 (Table 4). 

Our findings suggested a higher presence of protein in urine 
of Roma women, which is probably caused by their unhealthy 

Men Women
Roma 
N=155

CG 1 
N=63 p value CG 2 

N=111 p value Roma 
N=267

CG 1 
N=71 p value CG 2 

N=108 p value

LDL-C/HDL-C ≥ 3.3 27% 13% 0.022 20% ns 9% 7% ns 5% ns
Serum TC < 5.0 mmol/l
and TG ≥ 1.7 mmol/l
simultaneously

11% 2% 0.023 5% ns 6% 1% ns 3% ns

Serum TC ≥ 5.0 mmol/l
and TG ≥ 1.7 mmol/l
simultaneously

13% 16% ns 20% ns 13% 13% ns 12% ns

CG 1 = control group 1; CG 2 = control group 2; ns – statistically not significant difference

Table 3. Prevalence of probands with pathological values of auxiliary biochemical parameters
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lifestyle as well as psycho-social burdens arising from poverty 
and frequent migration.
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