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Purpose: The aim of this study was to estimate the incidence concerning metabolic 
syndrome (MetS) in a local community with a low socioeconomic status and a medium 
and high cardiovascular risk on the example of residents of Janów Lubelski district, eastern 
Poland. The second goal of the research was to analyze the relationship between residence 
and the occurrence of MetS.
Methods: We conducted a cross-sectional study of 4040 people living in eastern Poland. 
A group of 3046 people with medium and high cardiovascular risk was selected among the 
respondents and included in further analyzes. The research adopted the definition criteria 
proposed by the National Cholesterol Education Program – Third Adult Treatment Panel 
(NCEP ATP III) to implement diagnostic evaluation of MetS.
Results: It was observed that metabolic syndrome was significantly more frequent among 
the inhabitants of rural areas (40.56%; n=810) compared to those living in the city (35.27%; 
n=370) p=0.005. Among the inhabitants of rural areas, the percentage of people with 
elevated glucose levels was significantly higher, fasting blood glucose (FGB) p<0.001, 
elevated blood pressure (HBP) p<0.001, elevated serum triglycerides (TGs) p=0.01, and 
abnormal waist circumference (WC) p=0.003 compared to urban inhabitants. After adjusting 
for potential confounding variables (age, education, smoking, marital status, and level of 
physical activity), in both women and men, the odds of developing metabolic syndrome were 
approximately 30% higher in rural areas compared to urban residents (women: odds ratio 
(OR)=1.25, 95% confidence intervals (CI)=1.01–1.56; men: OR=1.30, 95% CI=1.01–1.67).
Conclusion and Recommendations: A higher incidence of metabolic syndrome was 
observed among respondents living in rural areas than those living in cities. Similarly, across 
the gender strata, metabolic syndrome is more commonly diagnosed among men and women 
living in rural areas. Healthcare workers, especially in rural areas, should engage in educa
tion, prevention, and the promotion of a healthy lifestyle.
Keywords: metabolic syndrome, rural, urban, prevalence, population-based study

Introduction
Metabolic syndrome (MetS) is a related complex of metabolic disorders, including 
abdominal obesity, elevated blood pressure (HBP), elevated fasting blood glucose 
(FBG) and dyslipidemia (elevated triglycerides (TGs) and/or reduced levels of 
high-density lipoprotein (HDL-C) cholesterol).1 It is a premorbid condition that 
develops when the following factors develop: insulin resistance, poor diet, physical 
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inactivity, obesity and genetic burden, as they are consid
ered to be essential cofactors of MetS.2 MetS is a major 
global public health challenge, especially in developing 
and developed countries, as it directly adds to the burden 
on health systems by contributing to type 2 diabetes 
(T2D), cardiovascular disease (CVD),3 and cancer.4 The 
prevalence of MetS in Europe is approximately 10.47% of 
the population and 16.04% in Africa, 21.27% in Asia, and 
30% in the United States respectively.5

The prevalence of MetS in the adult Polish population 
remains unclear. In population studies conducted in 
Poland, by the Multicentre National Population Health 
Examination Survey (WOBASZ), MetS was recognised 
in 23.9% of women and 26% of men (according to the 
definition of the American Heart Association (AHA)/ 
National Heart, Lung, and Blood Institute (NHLBI) 
2005) and in 26.8% of women and 30.7% of men (as 
defined by the International Diabetes Federation (IDF) 
2005).6 However, in the IDF definition, central obesity 
was recognized as an essential component of MetS. 
Simultaneously, in the US, the suggested waist cut off 
value was higher than currently accepted for Europeans. 
In the Prospective Urban and Rural Epidemiological Study 
Poland (PURE), MetS was diagnosed in 44.1% of the 
respondents, of which 41.8% were female and 48.2% 
male. Moreover, it was found that in the group of people 
with MetS, there were more elderly and rural residents and 
fewer people with a higher education.7 The Polish 
Norwegian Study (PONS) revealed that in the Polish 
population, the prevalence of MetS was 39.5% in the 
general population. Additionally, the frequency of MetS 
among women was 34.3%, and among men - 49.9%.8 

However, due to the changing diagnostic criteria of MetS 
over time, it is challenging to compare the epidemiological 
data on the prevalence of the disorder. Nevertheless, the 
percentage of people who develop symptoms of MetS is 
increasingly high.9 There is a lack of research, especially 
in Central and Eastern European countries, on the spread 
of MetS.

Environmental factors, including urbanization and the 
westernization of lifestyles, can significantly influence the 
prevalence of MetS in different population groups. The 
incidence of MetS is influenced by socioeconomic factors, 
such as education and income, as well as lifestyle factors, 
such as diet, smoking, alcohol consumption and physical 
activity.10 It is believed that economic progress leads to 
a higher prevalence of atherogenic diets in the general 
population, decreased physical activity, increased smoking 

and alcohol consumption and an increase in the percentage 
of overweight and obese people, which directly translates 
into the presence of MetS.11 Urbanization and economic 
progress and also the westernization of life, are affecting 
more and more people in rural areas, which has an impact 
on the prevalence of MetS. However, epidemiological 
analyses do not indicate a higher proportion of people 
with MetS in rural or urban areas. India,12 China,13 

Malaysia14 and sub-Saharan Africans15 have found MetS 
to be more common in cities than in rural areas. Thus, it 
can be argued that as the rural community moves away 
from urbanization, lifestyle changes and associated dis
eases are more pronounced in urban areas. In contrast, 
studies in the United States,16 Korea17 and South 
Africa18 have found a higher prevalence of MetS among 
rural residents. Differences in MetS occurrence between 
rural and urban residents can be attributed to differences in 
demographic and socio-cultural characteristics.19 

Interesting observations were made by Yang et al,20 asses
sing the relationship between living in areas with more and 
less vegetation and the presence of MetS. They observed 
that living in greener areas was associated with a lower 
percentage of people with MetS, especially among those 
under the age of 65 and with a higher household income.

The study aims at estimating the prevalence of the 
metabolic syndrome in a local community with a low 
socioeconomic status and a medium and high cardiovas
cular risk, according to the Systematic Coronary Risk 
Evaluation (SCORE) scale based on the example of resi
dents of the Janów Lubelski district, eastern Poland. 
The second goal of the research was to analyse the rela
tionship between the place of residence and the presence 
of MetS.

Materials and Methods
Study Design and Participants
The prevention and health promotion program in the field 
of cardiovascular diseases, entitled “Follow Your Heart”, 
was conducted in the period from June 14, 2015, to 
March 20, 2016, among the inhabitants of the Janów 
Lubelski district in the south-western part of Lublin voi
vodeship, which lies in Eastern Poland (Figure 1).The 
implementation of the above project was financed by the 
Norwegian Financial Mechanism 2009–2014 under the PL 
Program 13 “Limiting social inequities in health”. The 
procedure could be entered as research in local commu
nities with high standardized mortality rates (SMRs), 
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including those from cardiovascular causes. The list of 
districts eligible to participate in the competition was 
developed based on the highest SMR in 2009–2011 in 
the following categories: malignant neoplasms, CVD, 
respiratory system diseases, digestive system diseases, 
external causes and total mortality. The Janów Lubelski 
district was included on the list in the third position 
(SMR=1.357) among 38 enlisted, with the highest standar
dized mortality rates due to CVD in Poland. It was char
acterized by one of the lowest ranks according to the 
human development index (HDI) among districts in 
Poland.21,22 In the period preceding the survey, 47,500 
people were living in the area of Janów Lubelski.23 The 
group participating in the project consisted of respondents 
aged 35–64; an eligible population of 18,827 Janów 
Lubelski residents according to the population records 
and electoral lists. The recruitment of respondents for 
research and its promotion were conducted through the 
district and commune local governments and cooperating 
institutions (religious unions, workplaces, associations, 

and public utility organizations) and telephone invitations 
to persons from the lists eligible for the research. In order 
to ensure equal access to the study, 15 points were orga
nized in Janow Lubelski district, where the respondents 
could report (14 mobile –touring points, located in various 
towns and one stationary point, located in the City 
Hospital, which also had a coordinating function). Four 
thousand forty people benefited from invitations and 
voluntary tests; the overall participation rate was 21.45% 
of the eligible population. The study included people aged 
35 to 64, residents of Janów Lubelski district who arrived 
to the research point and provided their informed consent 
for the study. The exclusion criteria included: those aged 
under 35 and over 64, people unable to give informed 
consent, bedridden residents and those living in nursing 
homes and prisons. The study includes people under the 
age of 65. It is essential to establish the prevalence of 
MetS components in younger age groups, as the presence 
of MetS components may indicate an increased risk of 
CVD later in life. Besides, an early identification of the 

Figure 1 Approximate residential locations of participants, Janow Lubelski district, Poland. 
Notes: (A) Europe; (B) Poland; (C) Lubelskie Voivodeship; (D), Janów Lubelski District
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components of MetS offers the opportunity to undertake 
targeted interventions to prevent the development of the 
syndrome and thus reduce the risk of CVD later in life.24 

The study consisted of two stages. The first stage - screen
ing - covered 4040 people. Based on the results obtained 
in stage I (assessment of cardiovascular risk using 
SCORE, which, based on information about age, smoking, 
systolic blood pressure and total cholesterol, estimates the 
10-year risk of death from CVD25), people with a medium 
and high risk of SCORE ≥ 5 were qualified for the second 
stage. Three thousand one hundred seventy-nine people 
were qualified for the second stage. However, due to 
a history of a cardiovascular incident (myocardial infarc
tion or stroke), 133 respondents were excluded from the 
analysis (Figure 2). Data on the occurrence of cardiovas
cular events were collected in a personal history.

Data Collection
The data collection team consisted of specially trained 
nurses. Socio-demographic data (age, gender, place of 
residence, education, smoking status assessment and phy
sical activity assessment) were collected using standard 
questionnaires. A cigarette smoker was defined as 
a respondent who smoked at least one cigarette in the 
previous month.26 The assessment of physical activity 
was based on information received through an interview 

concerning whether the respondent performed regular phy
sical activity at least five times a week for 30 minutes.

An inelastic tape measure was used to measure the 
waist circumference (WC) - between the lower edge of 
the costal arch and the iliac bone’s upper crest. 
Measurements were made in a standing position with an 
accuracy of 0.5 cm.27

The participants of the study underwent measurements 
of blood pressure (BP) twice, including systolic blood 
pressure (SBP) and diastolic blood pressure (DBP). 
Measurements were taken on the left arm using an elec
tronic sphygmomanometer. The first BP measurement was 
taken after at least 5 minutes’ rest and another 15 minutes 
after the first one. The mean value of the two measure
ments was analysed. If both measurements differed by 
more than 5 mm Hg, an additional measurement was 
taken after another 15 minutes and the average of the 
three measurements was used for data analysis.28

Blood samples were taken from the ulnar vein in the 
morning on an empty stomach after an overnight rest, put 
into a tube with a clotting activator and a separating agent 
(granules) and then delivered to the laboratory within 4 
hours. Plasma was separated by centrifugation at 3000 rpm 
for 10 minutes. Centrifuged serum was used to determine 
blood glucose, TGs, and HDL-C. FBG was measured by 
the enzymatic-hexokinase method. The concentration of 
TGs was obtained by the enzymatic colorimetric method, 

Figure 2 Study design.
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while HDL-C through the homogeneous colorimetric 
enzymatic method. Both parameters were determined on 
an Advia 1800 or Advia 1200 apparatus using Siemens 
reagents. The markings were made at the Central 
Laboratory of the hospital in Janów Lubelski.

Definitions of MetS
The research adopted the definition proposed by the 
National Cholesterol Education Program - Third Adult 
Treatment Panel (NCEP ATP III).29 According to the defi
nition, the presence of at least three of the five risk factors 
is the basis for the diagnosis of metabolic syndrome, 
including: FBG ≥ 100 mg/dL, HBP (SBP ≥ 130 mmHg 
and DBP ≥ 85 mmHg), TGs ≥ 150 mg/dL, decreased 
HDL-C concentration (women < 50 mg/dL and men < 
40 mg/dL) and elevated WC (women > 88 cm and men 
> 102 cm).When choosing the MetS definition, we were 
guided by the fact that the study group was characterized 
by medium and high cardiovascular risk. In the Polish 
population, there are no results of studies comparing the 
definitional differences in MetS. Therefore, we have 
referred to the results obtained by Nilsson et al30 among 
Caucasians. Their definition of MetS was superior in pre
dicting cardiovascular events in the case of both genders 
compared to the definition of The International Diabetes 
Federation (IDF).31 Moreover, research suggest that the 
waist circumference cut-off in the IDF definition may be 
too low in the Caucasian population,32 thereby leading to 
overdiagnosis of MetS.33 Also, the results of The 
International Day for Evaluation of Abdominal Obesity 
study (IDEA) on hypertensive patients in the Polish popu
lation compared the definitional differences according to 
the ATP III and IDF criteria for abdominal obesity in the 
Polish population. The IDEA indicated that the IDF cri
teria lead to an increase in the incidence of abdominal 
obesity in patients with arterial hypertension from 67.2% 
to 86.9%.34

Statistical Analysis
The distribution of categorical variables was presented as 
numbers and percentages, as means with standard devia
tions for normally distributed continuous variables. The 
Kolmogorov–Smirnov test was used to verify the normal
ity of the data distribution. Continuous variables were 
compared using a Student’s t-test and categorical ones 
with a chi-square test. The multivariable logistic regres
sion model was used to investigate the association between 
MetS’ prevalence and place of residence. The analyses 

were conducted separately for men and women. The logis
tic regression model results were presented in an odds 
ratio (OR) and 95% confidence intervals (CI). All analyses 
were performed by IBM Corp. Released in 2019. IBM 
SPSS Statistics for Windows, Version 26.0. Armonk, NY: 
IBM Corp. Statistical significance was defined as p<0.05.

Results
Identification and Characteristics of the 
Participants
Among the 4040 original participants at the baseline examina
tion in the open cohort, 3046 eligible subjects were included in 
the study. Eight hundred eighty-one subjects with low SCORE 
cardiovascular risk (< 5) and 133 subjects with a history of 
a cardiovascular event (eg, myocardial infarction, stroke, etc.) 
were excluded from the study. Compared to the excluded 
participants, the respondents included in the research were 
older and had a lower education. The remaining features did 
not differentiate between the groups of included and excluded 
participants (Supplementary Table S1).

General Characteristics of Participants
Table 1 presents the study group’s characteristics in strata 
of the place of residence and gender. The majority of the 
studied group were females (57.9%; n=1765) and people 
living in rural areas (65.6%; n=1998). The respondents’ 
average age was 53.31±7.99 years; the urban areas inha
bitants (52.84±8.4) were slightly older than the inhabitants 
of rural areas (52±8.05) p=0.002. Inhabitants of rural areas 
were less educated; they were more often in relationship, 
they smoked fewer cigarettes and more often declared 
physical activity ≥ 150 minutes a week.

It was observed that MetS was significantly more fre
quent among inhabitants of rural areas (40.6%; n = 810) 
compared to those living in the urban areas (35.3%; 
n=370), p=0.005. Similarly, in gender strata, MetS is 
more commonly diagnosed among males and females liv
ing in rural areas. Among the inhabitants of rural areas, the 
percentage of people with elevated FGB, HBP, elevated 
TGs levels and abnormal WC was significantly higher than 
in the respondents from the city.

The Relationship Between MetS and Its 
Elements and the Place of Residence in 
the Gender Strata
Table 2 presents the relationship between the place of 
residence and the presence of MetS and its elements in 
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the gender strata. Adjusted for potential confounding 
variables (age, education, smoking, marital status, and 
level of physical activity) in both men and women, the 
odds of developing MetS were approximately 30% 
higher in rural areas compared to urban residents 
(women: OR=1.25, 95% CI=1.01–1.56; men: OR=1.30, 
95% CI=1.01–1.67). Moreover, it was observed that the 
chance of HBP and FBG occurrence were significantly 
higher among the inhabitants of rural areas than the 
inhabitants of the city, both in women and men. The 
strongest relationship was found in men with HBP 
OR=1.69, 95% CI=1.20–2.37. There was no relationship 
between the occurrence of low HDL-C and the place of 
residence in both gender groups.

A significant relationship was observed between the 
place of residence and the occurrence of increased levels 
of TGs and increased WC in women. In men, the direction 
of the relationship between the place of residence and the 
level of TGs and WC was similar, but it was not statisti
cally significant.

Discussion
The aetiology of MetS is multifactorial; thus, environmen
tal factors play an important role in triggering the cardio
metabolic features of MetS.35,36 The incidence of MetS 
has increased in recent years, possibly due to changes in 
lifestyle, socioeconomic status (SES), and dietary habits.37 

In our study, we found that after taking into account the 
potential confounding variables (age, education, smoking, 
marital status, and level of physical activity), both men 
and women residing in rural areas were characterized by 
an approximately 30% higher probability of developing 
MetS compared to urban residents. Among the elements 
of MetS, in women, all factors, except for the decreased 
HDL-C, were related to the place of residence. At the 
same time, in men, a significant relationship was observed 
between increased FGB and HBP and the residing areas.

Xu et al38 obtained similar results to our study. The 
authors assessed the prevalence of MetS in the urban, 
semi-urban, and rural population of China’s Shaanxi 
Province. In the cited analysis of data from the China 
National Diabetes and Metabolic Disorders Study, con
ducted on a sample of 2446 people over the age of 20, it 
was found, correspondingly to our research, that the fre
quency of MetS was higher among the inhabitants of rural 
areas, especially among women. However, after imple
menting adjustments for confounding variables, the chance 
of MetS in the rural population were found to be 27.6% Ta
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higher than in urban and peri-urban areas. Also, a higher 
incidence of MetS among inhabitants of rural areas was 
discovered in studies by Lee et al39 in the Korean popula
tion and by Trivedi et al16 in population of the United 
States However, the research investigating the prevalence 
of MetS in the Iranian population differs from the results 
of the presented study. Hossein-Ali et al40 and Jahangiry 
et al41 found that the incidence of MetS was greater in 
urban areas than in rural areas. Similarly, a greater pre
valence of MetS among urban residents has been observed 
in the Nepalese population,42 that of South-West Nigeria43 

and in Ecuador’s44 and in a meta-analysis conducted in the 
Middle East as epidemiological studies by 
Ansarimoghaddam et al.45 However, it is difficult to 
directly compare the results of our research with the 
above-cited studies’ results. Enlisted literature uses differ
ent criteria for the diagnosis of MetSand includes popula
tions demographically, socially, and culturally different 
and characterized by different SES.

A well-established predictor of MetS is SES, particu
larly as it regards educational attainment.46–49 A lower 
level of education is commonly regarded as a factor caus
ing disparities in health.50 Higher education levels, in 
indirect ways-such as through economic welfare, health- 
related behaviour and mental resource-are believed to con
tribute to better health.51 Compared to those with lower 
education, people with higher education are more willing 
to look for employment and possess financial resources to 
purchase quality food or undertake regular physical activ
ity, using sports and recreational infrastructure. Adults 
with higher education rarely engage in risky behaviours, 
such as smoking, and are more likely to engage in pre
ventive behaviour.52 A higher level of education also 
strengthens an individual’s mental resources. For example, 
people with higher education have a greater number of 
social ties53 and experience depression less frequently.54 

Moreover, a significant relationship has been found 
between gender and SES and MetS,55,56 although this 
relationship is not entirely clear due to conflicting results 
from studies conducted in different countries.55–61 

Discrepancies in estimating the prevalence of MetS in 
rural and urban populations may be due to respondents’ 
SES in each study. For example, people in rural areas are 
at greater risk of adverse health effects due to the over- 
representation of older adults, inferior education and low 
income. Our surveyed population, according to the data of 
the Central Statistical Office, Local Data Bank (GUS, 
BDL) for 2012 (data preceding our research), showed 

that many SES indicators of people living in the area of 
research were very unfavourable compared to the general 
population, ie, a higher percentage of respondents with 
primary education in relation to the general population 
(27.55% vs 23.2%, respectively).62,63 In addition, the 
unemployment rate was 15.6% - the corresponding unem
ployment rate for the region is 15% while for the country 
the figure stood at 14%.64 The indicator concerning the 
number of people in families receiving social assistance 
for the Janowski district was relatively high - the social 
welfare system covered as much as 14.6% of the inhabi
tants (for comparison, the average in the Lubelskie 
Voivodeship is only 9.4%).65 Among the risk factors 
potentially related to the development of MetS in the 
study group, the authors found that inhabitants of rural 
areas had a lower level of education compared to the 
surveyed city inhabitants.

Comparing the occurrence of risk factors included in 
MetS, we observed that the inhabitants of rural areas (both 
women and men) had a greater chance of developing HBP 
and an increased level of FGB. The results of our research 
correspond with the results of Xu et al.38 Our results and 
those cited above are consistent with other studies that 
found that the inhabitants of rural areas are more often 
diagnosed with HBP66,67 and more often have an elevated 
FGB level68,69 compared to the inhabitants of urban areas. 
That characteristic of rural areas can be explained by the 
fact that progressive urbanization brings both higher 
incomes and unhealthy lifestyles to the inhabitants of 
rural areas, as poor socioeconomic conditions in early 
life increase the risk of obesity later on when accomplish
ing an economically improved life.70 Along with the trans
formation of farms, small farms, often passed down from 
generation to generation, which have become unprofitable 
to run, resulting in a lack of work on the farmland. 
Importantly, this deficit in farm-related physical activity 
and energy expenditure will never be compensated through 
recreational physical activity.71 Moreover, the rapid urba
nization of rural areas changed its inhabitants’ diet; 
increased the supply of high-energy food and lead to the 
increased consumption of animal products, associated with 
a greater supply of animal fats in the diet.72 Obesity and 
metabolic have become the direct consequences of 
reduced physical activity and inadequate diet among the 
inhabitants of rural areas, as shown in our study. In 
increasingly developing rural areas, the environmental 
risk factors such as air and water pollution in urban areas 
affecting the disease have become, to some extent, more 
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frequent. Rural residents do not take advantage of the 
available opportunities such as sport and recreational 
infrastructure, better medical insurance and the easier 
access to health care to improve their health. For this 
reason, the subjects of our study were more likely to 
have MetS, despite the exclusion of socio-demographic 
and lifestyle risk factors, indicating that our excluded 
factors only partially explain the greater chance of MetS 
among rural areas’ residents.

In our study, an increased number of MetS elements 
was significantly related to the place of residence, espe
cially in women compared to men. The incidence of MetS 
risk factors varies with gender, race, ethnicity, and age. 
While some authors suggest the advantages of specific risk 
factors in predicting all-cause mortality in some 
populations,73 this remains to be explored in rural and 
urban populations.

There is a visible increase in recognition concerning 
the environmental pollution adversely affecting the devel
opment of MetS. The development of modern farming 
practices has been essential to increasing food supplies 
and play a key role as food demand rises globally. Also, 
endocrine-disrupting chemicals (EDC) play a key role in 
the development of metabolic diseases. Those substances 
are defined as

an exogenous substance or mixture that alters the function 
(s) of the endocrine system and consequently causes 
adverse effects in intact organism, or its progeny or (sub) 
population.74 

Agricultural insecticides, herbicides, and fertilizers have 
improved the stability of the food supply chain; nonethe
less, by contaminating rural environments with these 
substances,75 they may also contribute to the increase in 
MetS.76 Exposure to chemicals in the environment posi
tively correlates with the increase in the development of 
metabolic diseases.77–79 Among the chemical substances 
present in the environment, phytates,80 organophosphate 
esters,81 perfluoroalkyl substances82 or phenols and para
bens, inter alia, increase the likelihood of MetS 
occurrence.83 Heavy metals may also play an essential 
role in the development of not only cardiovascular 
complications84 but also MetS, which due to the develop
ment of industry, traffic, smoking or changes in food 
production technology, constitute an imperative element 
of environmental pollution, also among residents of rural 
areas.85 Heavy metals influencing the higher risk of meta
bolic syndrome turned out to be, among others, mercury,86 

arsenic, cadmium, lead,87 copper and zinc.88 The last 
important piece of the puzzle of environmental factors 
that may potentially cause exposition to the more frequent 
occurrence of MetS is air pollution, as demonstrated in the 
research by, for example, Zhang et al,89 Yang et al90 or 
Matthiessen et al.91 MetS is associated with the develop
ment of many other diseases. Available epidemiological 
and laboratory data indicate that MetS is a potential risk 
factor for developing certain types of cancers92 such as 
colorectal, liver, pancreatic and postmenopausal breast 
cancer.93 It has been postulated that the link between 
MetS and cancer is due to obesity, high blood glucose 
and other components of MetS.94 Some studies suggest 
that high blood pressure and dyslipidaemia are associated 
with a higher risk of developing cancer.95,96 Investigating 
the relationship between MetS and cancer is challenging 
because MetS is a clinical entity involving multiple cardi
ometabolic risk factors, and therefore the effects of 
a single component of MetS on cancer development and 
progression may overlap with others resulting in neutral, 
additive, or synergistic effects. These limits can be par
tially overcome by assessing the importance of each MetS 
component in terms of both the risk and prognosis of 
certain cancers and then comparing them to those induced 
by all MetS components.97 Determining which MetS com
ponent influences its association with cancer risk is vital as 
preventive and treatment interventions may benefit MetS- 
related cancers and cancer mortality.98 However, while 
overweight/obesity are some causes of cancer develop
ment and mortality, which are preventable99,100 the rela
tionship between the other components of MetS 
(hyperglycemia, dyslipidemia, hypertension) and cancer 
is still under discussion.101,102

Despite the growing number of initiatives implemented 
to improve society’s health and well-being, we still face an 
extensive number of health and socioeconomic issues and 
polarization of society through increasing health and 
socioeconomic inequalities at the local, national, and inter
national levels. Mitigating inequalities in the health con
dition of the inhabitants of Central and Eastern Europe, as 
with the example of the Janów Lubelski district analysed 
in our research, is an essential priority in advancing the 
goal of sustainable development for Poland and the 
European Union.103 Given that the incidence of MetS 
has been increasing in recent years,104,105 identifying 
a population at risk of MetS would be associated with 
a more effective screening policy and with prevention 
too (primary and secondary). Our research showed that 
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people in rural areas were more likely to develop MetS. 
Therefore, the likelihood of developing medical complica
tions such as diabetes (DM) and CVD in this population 
was higher. Comprehensive community programs 
designed to combat MetS and improve health and quality 
of life through various approaches, that include education, 
prevention, screening and treatment, are all needed in rural 
areas.106 Such programs supported by community leaders 
and local institutions, including schools, health care facil
ities and workplaces, would ensure that nearly all local 
community members participate, reducing the risk of MetS 
and its complications. Second, such a plan should include 
the modernization of the living environment in rural areas 
so that it is conducive to active recreation, ie, the con
struction of sidewalks, parks, exercise facilities, sports 
fields, bicycle paths, etc. Finally, an important element in 
the prevention of MetS is promoting healthy nutrition by 
educating people about the health effects of certain sub
stances contained in food products, subsidizing healthy 
food and increasing the availability of healthy food mar
kets from local producers. The implementation by local 
governments of preventive health policy programs, in 
close cooperation with the primary care physician, should 
be one of the essential elements of an efficient and effec
tive health care system which prioritizes preventive mea
sures in the MetS area, especially in regions with a high 
exposure.107 Their task would be to facilitate the use of 
preventive services such as screening and counselling 
patients about healthy lifestyles.108

The Strength of the Study
It is one of the few cross-sectional studies in Poland 
conducted with a large sample. Moreover, the study was 
conducted among the population affected by one of the 
lowest HDI indices out of all districts in Poland. The 
analysis also shed new light on the prevalence of meta
bolic syndrome and its associated risk factors.

The Limitations of the Study
Our study has some limitations that should be considered. 
First, the study covered a population from the south- 
eastern region of Poland. Moreover, the respondents’ 
selection did not take into account the procedure of rando
mization and stratification of the sample by age and gen
der. Second, this study’s cross-sectional design and the 
conducted analysis of the results limit its power to cause- 
and-effect inference; it only shows a certain tendency of 
relationships. Third, the study included people with 

a medium and high cardiovascular risk on the SCORE 
scale. Therefore, the results obtained cannot be general
ized to the entire population. The fourth limitation is the 
physical activity questionnaire. In terms of physical activ
ity, the respondents were asked only one question.Finally, 
the fifth limitation of our research is the lack of analyses of 
the profession’s impact on the risk of MetS. As the studies 
by Strauß et al109 show, the occupation significantly influ
ences the risk of MetS. The authors of the cited studies 
indicate that in the group of office workers they studied, 
compared to firefighters, they observed abnormal levels of 
HDL, TG, BMI, BP and WC, but also MetS was more 
often diagnosed in office workers whose work was asso
ciated with a sedentary lifestyle than in firefighters.

Conclusion & Recommendations
Conclusion
The more frequent occurrence of MetS was observed 
among respondents living in rural areas compared to 
those living in urban areas. Similarly, with gender strata, 
MetS is more commonly diagnosed among males and 
females living in rural areas. Among the elements consti
tuting MetS, a more frequent occurrence of elevated FGB 
and HBP was observed among inhabitants of rural areas, 
both in women and men. There was no relationship 
between the place of residence and the decreased HDL-C 
concentration. The association between MetS and elevated 
TGs and abnormal WC was found in women.The above- 
mentioned differences occurred regardless of the respon
dents’ age, education, smoking and physical activity.

Recommendations
Health Policy Makers
Policymakers should design and raise funds for health 
programs dedicated to small rural local communities in 
order to eliminate factors that increase the risk of MetS. 
A legal, organizational, and financial framework should be 
developed to formally involve local rural communities in 
the implementation of such programs.

For Health Professionals
Healthcare workers, especially in rural areas, should 
engage in the process of education, prevention and promo
tion as regards a healthy lifestyle through a holistic 
approach to patients via coordinated health activities. 
Future Mets prevention and education programs should 
be targeted at the primary care level, primarily at people 
from rural backgrounds, both adult women and men.
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For Researchers
Future research projects should include long-term MetS 
cohorts to better understand the critical determinants of the 
development of this premorbid state, including factors 
related to insulin resistance, poor diet, lack of physical 
activity, obesity and genetic burden. Moreover, further 
research should take into account the search for barriers 
and for factors eliminating barriers to preventive services 
that are offered by the health care system among the 
inhabitants of rural areas.

For the Community
There is a need for wider formal involvement of commu
nity members in managing the practice of Individual 
Health Competency in the area of early detection and 
correction of MetS-related disorders.
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