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Abstract
The aim of our study was to compare cardiovascular risk factors and selected indices of vascular
endothelium status in women aged 40-60, inhabiting urban (86 women) and rural (72 women) areas. In women
inhabiting rural regions compared with urban dwellers, a significantly lower incidence of metabolic syndrome
was found (31.7% vs. 66.7%) as well as higher waist circumference (92.65±13.56 vs. 86.25±13.56 cm), lower
values of rest heart rate (60.8±8.2/min. vs. 64.5±9.3/min.), less frequent occurrence of increased values of
diastolic blood pressure (14.8% vs. 24.4%), raised peptide C serum levels (48.5% vs. 57.1%), and higher IGF
BP1 serum values (7.94±6.84 vs. 6.97±8.41 ng/ml). Despite the differences in distribution of metabolic syndrome and obesity in postmenopausal women inhabiting rural and urban areas in the Lublin region, there were
no significant differences in selected indices of vascular endothelial status.

Keywords: cardiovascular risk factors, C-reactive protein, metalloproteinase-8, -9, tissue inhibitor of
metalloproteinase-1, tumor necrosis factor, insulin, growth-factor–binding-protein, adiponectin, intercellular adhesive molecule-1, sex hormone binding globulin

Introduction
Cardiovascular diseases are a threat to women’s health
and life (similarly to men’s), as they are still the main reason of deaths both in the USA and developed European
countries. About 55% of all women’s deaths are for cardiovascular reasons, which may result from the aging of societies [1, 2].
In Poland, age-adjusted indices of mortality because of
cardiovascular disease are lower than those in highly
developed countries where they range from 400 to
500/100,000 people. In Poland the indices are lower in
women than in men of the same age. In 1998-2003 they
were 121.8-450.8/100,000 for men aged 45-64. For
*e-mail: jo.mie@poczta.onet.pl

women, however, only in the next decade (i.e. between 6674 years of age) did they reach a similar value to that in
men – 282-386.2/100,000. In the period between 1998 and
2003 a general downward trend was observed in Poland
and other countries both for men and women, except for
2003, when a break in the downward trend line was
observed [3, 4]. Menopause is a recognized cardiovascular
disease risk factor. In postmenopausal women, regardless
of age, the incidence of cardiac infarcts is three times higher [1].
Risk factors of cardiovascular system diseases such as
arterial hypertension, dyslipidemias, obesity, insulin resistance, and metabolic syndrome are much more frequent and
intensified in the perimenopausal period, which determines
a greater risk of cardiovascular disease development in
women at that stage of life [5].
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From epidemiological studies in Ford’s meta-analysis
[6] it appears that the presence of metabolic syndrome
increases the death risk for cardiovascular reasons by 1217%, and for general reasons by 6-7%; with concomitant
diabetes the death risk is increased by 30-52% [6]. The progressing growth in metabolic syndrome incidence in
Poland and other countries can be a reason for the higher
incidence of cardiovascular disease. In the metabolic syndrome, visceral fatty tissue plays an important role. It is the
source of many active substances, e.g. adiponectin, TNF-α,
and leptin. The substances secreted by fatty tissue – atherogenic lipidemia, arterial hypertension, and glucose intolerance – can participate in vascular endothelium metabolism,
leading to early atherosclerotic changes [7-9].
The incidence of risk factors and indices of inflammatory process intensification in the course of atherosclerosis
can be different in various age and professional groups, and
one determinant of these differences can be the dwelling
and work place defining the life environment of the patient.
Progressive civilization, changes in living conditions in
the city and in the country, changes in dietary habits, and
level of education can contribute to the frequency of occurrence of cardiovascular disease risk factors in urban and
rural areas [10-12].
Efficient prophylactic activities should be directed at
the elimination of risk factors such as hypertension, obesity, and lipid and carbohydrate disorders although it seems
essential to find the factors that would predict the future
possibility of cardiovascular episode occurrence. Such a
role could be played by the markers of atherosclerotic
process intensification.
The aim of our work was to compare the incidence of
cardiovascular risk factors among women of 40-60 years
old – city dwellers with the inhabitants of rural areas situated around a big city. Simultaneously, the influence of cardiovascular risk factors on the condition of vascular
endothelium was assessed on the basis of determining in
blood the factors participating in the inflammatory atherosclerotic process.

Experimental Procedures
A group of 158 women aged 40-60, including 86
(54.1%) women (group 1) from the city of Lublin (population nearly 500,000) and 72 (45.9%) women (group 2)
from rural areas situated within a 50-kilometre radius of
Lublin. The average age of group 1 women was 51.4±4.9
and group 2 women – 52.8±4.8 years; the differences were
statistically insignificant. We separated these groups during the population research from rural areas of
Lubelszczyzna (Lublin Region) in Poland from 758
patients participating in the population examination – chosen at random.
The criteria of exclusion from the studies were the following: acute cardiovascular episodes in history, organic
heart diseases, diagnosed diabetes, other systemic organic
diseases.

In the studied women, a physical examination was carried out and the data were registered in a questionnaire.
The questionnaire contained information about current ailments and earlier diagnosed diseases, earlier and current
treatment, and gynecological history (last menstruation
date; menopause duration was established), plus bad habit
data: cigarette smoking (habit duration, number of cigarettes smoked per day; if the patient did not smoke – since
when), and alcohol consumption (amount and kind of alcohol). A physical examination was carried out and the results
were also registered in the questionnaire. During two visits
to a doctor, systolic pressure (RRs) and diastolic pressure
(RRd) were taken twice each time. The levels of pressure
were classified as average. Hypertension was diagnosed for
RRs≥140 mm Hg and/or RRd≥90 mm Hg or earlier diagnosed.
In all investigated patients, 24-hour blood pressure monitoring by the Holter method was performed. Measurements
of systolic and diastolic blood pressure during the day were
performed 3 times per hour and at night twice per hour.
During the day the values of RRs≥135 mm Hg, RRd≥85mm
Hg, at night: RRs≥120 mm Hg, RRd≥70 mm Hg were
assumed as elevated [13]. The obtained study results were
worked out by the OXFORD computer program. Body
mass index (BMI) and waist-hips ratio (WHR) were calculated. Lipidograms (LDL: cholesterol-LDL, HDL: cholesterol-HDL, TG: triglycerides) were performed on the basis
of enzymatic method using bioMerieux tests, taking fasting
blood. Glucose levels in blood in the fasting state were
determined using the enzymatic method with glucose oxidase. The fibrinogen level in blood was marked using the
coagulation metod and SYS-MEX-CA560. The C-reactive
protein (CRP) in blood was examined by employing the turbidimetric quantitative method (highly sensitive) and using
Konelab 301. The levels of metalloproteinase 8, 9 (MMPs8, MMPs-9), tissue inhibitor of metalloproteinase 1 (TIMP1) and the tumor necrosis factor –TNFα, adiponectin,
growth factor binding protein-1 (IGFBP-1), and C-peptide
were determined using the immunological test and the
ELISA method. Sex hormone binding globulin (SHBG) levels in blood were determined using the IRMA method by
means of gamma radiation meter Berthold Technologies
LBIS 50. The levels of insulin were determined using the
immunological test and the ELISA method. The plate is first
read at 450 nm against a reference filter set at 650 nm (or
630 nm). Insulin resistance (IR) was calculated according to
HOMA: IR = {fasting insulin level (µIU/ml) x fasting glycaemia level (mmol/l)}/22.5 [14]. The index IR>2.7 was
assumed as insulin resistance. Metabolic syndrome was
diagnosed on the basis of the following criteria: waistline≥80cm and additionally two out of four cardiovascular
risk factors – the concentration of fasting glucose in the
blood >100 mg/dl, arterial pressure RR>135/80 mm Hg (an
average measurement was registered both times, arterial
blood pressure after rest was taken) or hypertension diagnosed earlier, HDL-cholesterol concentration in blood
(HDL)<50 mg/dl, triglycerides (TG) concentration >150
mg/dl (International Diabetes Federation) [14, 15].
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Table 1. A comparison of mean lipid concentrations, adiponectin, insulin-like growth factor, sex hormone binding globulin, and obesity indices and insulin resistance in groups 1 and 2.
group 1

group 2

A

Mean±SD

Mean±SD

Wald’s χ23

OR
95% CI

Wald’s χ2

OR
95% CI

LDL-cholesterol
(mg/dl)

141.62±39.99

142.19±39.16

0.09

1.00
0.99-0.09

0.09

1.00
0.99-1.01

HDL-cholestrol
(mg/dl)

62.26±16.25

59.65±12.55

1.16

0.99
0.97-1.01

1.033

0.99
0.97-1.01

Triglycerides
(mg/dl)

119.20±73.40

121.66±61.40

1.25

0.99
0.99-1.01

1.64

0.60
0.27-1.32

Fgl
(mmol/l)

4.89±15.20

4.65±28.16

1.73

1.36
0.86-2.16

2.33

1.46
0.90-2.37

BMI
(kg/m2)

26.71±4.55

28.62±5.87

4.49*

1.08
1.01-1.15

4.37

1.08
1.00-1.15

Waistline
(cm)

86.25±13.56

92.65±13.56

2.09*

1.03
1.00-1.05

4.31*

1.03
1.00-1.05

WHR

0.828±0.065

0.831±0.067

0.30

2.19
0.01-413.14

0.17

2.99
0.01-622.93

Insulin µIU/ml
(450/630)

17.75±8.97

17.62±12.61

0.003

0.99
0.96-1.04

0.001

1.00
0.96-1.05

Insulin µIU/ml
(490/630)

16.50±8.55

16.80±13.00

0.12

0.02
0.90-1.00

0.04

1.01
0.96-1.05

HOMA
(450/630)

3.71±1.75

3.64±2.53

0.05

1.03
0.83-1.29

0.05
0.21

1.03
0.82-1.29

HOMA
(490/630)

3.44±1.66

4.14±3.75

0.17

1.05
0.84-1.31

0.14
0.37

1.04
0.83-1.31

SHBG
nmol/l

56.30±36.29

56.71±34.99

0.18

1.00
0.99-1.01

0.30

1.00
0.99-1.01

Adiponectin
µg/ml

7.19±3.22

7.87±5.80

0.53

1.0
0.94-1.12

0.92

1.06
0.94-1.21

IGF BP 1
ng/ml

6.97±8.41

7.94±6.84

2.22

1.09
0.97-1.23

1.85

1.08
0.97-1.21

Parameter

B

group 1 – urban inhabitants, group 2 – rural inhabitants
A – Comparison of studied groups regardless of age, B – Age-adjusted comparison of studied
*p<0.05, OR – odds ratio, 95 % CI-95% confidence intervals
BMI – body mass index (kg/m2), Fgl- Fasting blood glucose, WHR – waist/hips ratio, HOMA – IR–Insulin resistance={fasting insulin
level (µIU/ml) x fasting glycemia level (mmol/l)}/ 22.5, (450/630) (490/630) insulin level – read at 450 nm or 630 nm a reference filter,
SHBG – sex hormone binding globulin, IGF BP 1 – growth factor binding protein-1.

Statistical Analysis

Results

The data are presented as mean±SD, unless stated otherwise. Results were subject to statistical analysis using the
Statistica 5.0 computer program. To compare mean values
the parametric Student t-test and ANOVA test were used.
Nonparametric data were compared using χ2 test. The studied groups were compared using logistic regression
method, calculating Wald’s χ2, odds ratio – OR and 95%
confidence intervals (95% CI). In the statistical workout of
the material factors influencing the compared parameters
such as age, medication, menopause, and cigarette smoking
were taken into account.

The studied groups of women inhabiting urban areas
(group 1) and rural areas (group 2) significantly differed in
education level (OR=2.45 [95 % CI 1.67-4.38], p<0.01). In
group 1, 26.8% of the women had a higher education,
58.2% secondary education, and 14.9% a primary education. However, in women from rural areas 11.1% had a
higher education, 48.2% secondary education, and primary
education 38.8%.
Group 1 had 22 smokers and 32 ex-smokers (17 women
had stopped smoking longer than 5 years before), the others never smoked. Group 2 included 17 smokers and 20 ex-
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Table 2. Comparison of mean values of systolic and diastolic blood pressure, pulse pressure, percentage of raised values of systolic
and diastolic blood pressure, and heart rates in groups 1 and 2.
group 1

group 2

Mean±SD

Mean±SD

Wald’s χ2
p

OR
95% CI

Wald’s χ2
p

OR
95% CI

DRRs
(mm Hg)

124.7±12.7

124.0±13.1

0.15

0.60
0.99-1.03

0.05

1.00
0.97-1.03

DRRd
(mm Hg)

77.3±9.7

75.6±9.2

0.72

0.98
0.94-1.02

0.26

0.99
0.95-1.03

NRRs
(mm Hg)

109.2±17.8

109.0±14.2

0.12

1.00
0.98-1.03

0.03

1.00
0.98-1.02

NRRd
(mm Hg)

67.9±8.8

65.2±10.2

1.04

0.98
0.94-1.02

0.87

0.98
0.94-1.02

DPP
(mm Hg)

46.7±7.2

48.3±7.6

0.92

1.03
0.97-1.09

0.55

1.02
0.96-1.08

NPP
(mm Hg)

42.8±6.5

44.0±7.4

1.75

1.04 0.98-1.10

1.16

1.03
0.97-1.10

DHR

73.9±10.3

72.4±11.2

0.09

0.99
0.96-1.03

-0.07

1.00
0.96-1.04

NHR

64.5±9.3

60.8±8.2*

3.74
p=0.05

0.95
0.97-1.00

2.70

0.957
0.91-1.01

%DRRs

22.0±21.1

16.7±21.8

2.58

0.98
0.96-1.00

2.76
p=0.09

0.98
0.96-1.00

%DRRd

24.4±25.2

14.8±20.3

4.19
p=0.04

0.98
0.96-1.00

3.56
p=0.05

0.98
0.96-1.00

%NRRs

32.0±30.3

23.5±30.0

0.92

0.99
0.98-1.01

2.76
p=0.09

0.98
0.96-1.00

%NRRd

20.8±24.3

15.4±25.6

0.74

0.99
0.98-1.01

3.57
p=0.05

0.98
0.96-1.0

Parameters

A

B

group 1 – urban inhabitants, group 2 – rural inhabitants
A – Comparison of studied group regardless of age, B – Age-adjusted comparison of studied groups
OR – odds ratio, 95% CI-95% confidence intervals
DRRs – daytime systolic blood pressure, DRRd – daytime diastolic blood pressure, NRRs – systolic blood pressure at night, NRRd –
diastolic blood pressure at night, DPP – daytime pulse pressure, NPP – pulse pressure at night, DHR – daytime heart rate, NHR – heart
rate at night, %DRRs – percentage of increased values of daytime systolic pressure (≥135 mm Hg), %DRRd – percentage of increased
values of daytime diastolic pressure (≥85 mm Hg), %NRRs – percentage of increased values of systolic pressure at night (≥120 mm
Hg), %NRRd – percentage of increased values of diastolic pressure at night (≥70 mm Hg).

smokers (18 women had stopped smoking longer than 5
years before): the others had never smoked. Differences
between the groups were statistically insignificant. In group
1 average numbers of cigarettes smoked per day
(12.07±9.56) and habit duration (19.87±7.43 years) did not
differ compared with group 2 (number of cigarettes smoked
per day 13.82±10.20, habit duration – 17.29±9.41 years).
No statistically significant differences were found.
Metabolic syndrome was more frequent in a statistically
significant way in group 1 (66.7%) compared with group 2
(31.7% women) (OR=2.94 [95% CI 1.27-6.80], p=0.01).
Odds ratio is similar after considering the influence of age and
cigarette smoking (OR=2.98 [95% CI 1.26-7.05], p=0.01).
A comparison of lipid concentrations in blood serum,
obesity indices and insulin resistance in goups 1 and 2 is
presented in Table 1.

The age-adjusted incidence of metabolic disorders was
similar in both groups: LDL>130mg/dl in group 1 – 56.8%,
group 2 – 56.7% (OR=0.87 [95%CI 0.44-1.73]), HDL<50
mg/dl in group 1 – 28.4% , group 2 – 24.2% (OR=1.47
[95% CI 0.68-3.17]), triglycerides >150 mg/dl in group 1 –
29.6%, group 2 – 23.9% (OR=0.64 [95% CI 0.29-1.38]).
Four women from group 1 were taking statins. Group 2 did
not include patients taking statins.
When comparing groups 1 and 2, the levels of LDL
cholesterol and MMP-8 levels are taken into consideration,
the odds ratio of both raised (>130 mg/dl) LDL cholesterol
level (OR=0.98 [95% CI 0.96-1.00]) and of MMP-8 level
(OR=1.06 [95% CI 0.99-1.13]) will be close to 1; the differences between the groups will not be statistically significant. The odds ratio does not change and is also close to 1
when we consider the influence of age and cigarette smok-
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Table 3. Comparison of the activity of extracellular matrix enzymes, cytokines system, and indices of vascular endothelium inflammation in blood serum in groups 1 and 2.
group 1

group 2

A

Mean±SD

Mean±SD

Wald’s χ2

OR
95% CI

Wald’s χ2

OR
95% CI

TNF-α
(pg/ml)

8.55±17.78

5.43±3.08

0.47

0.97
0.89-1.06

0.51

0.96
0.85-1.08

MMP-8
(ng/ml)

11.38±6.22

14.74±8.15

3.29
p=0.06

1.06
0.99-1.13

3.04
p=0.08

1.06
0.99-1.13

CRP
(mg/l)

2.03±1.93

1.84±1.53

0.42

0.94
0.76-0.15

0.79

0.91
0.74-1.12

Parameters

B

group 1 – urban inhabitants, group 2 – rural inhabitants
A – Comparison of studied groups regardless of age, B – Age-adjusted comparison of studied groups
OR – odds ratio, 95% CI-95% confidence intervals
TNF-α – Tumor Necrosis Factor –α, MMP-8 – Metalloproteinase-8, CRP – C-Reactive Protein

ing (for LDL (OR=0.98, 95% [CI 0.96-0.99], for MMP-8
level: (OR=1.06 [95 % CI 0.99-1.13]).
The studied groups did not, however, differ in terms of
the incidence of waistline>80 cm (in group 1 – 64.9%,
group 2 – 74.99%) (OR=1.44 [95% CI 0.71- 2.95]). The
odds ratio also does not change when age-adjusted
(OR=1.36, [95 % CI 0.65-2.83]).
The studied groups did not statistically differ in terms of
obesity and overweight incidence, estimated on the basis of
BMI. 45% of group 1 were overweight (BMI 25-29.9
kg/m2) 13.6% were obese (BMI ≥30 kg/m2). 41.5 of group
2 were overweight, whereas 25% were obese (OR=1.47 [95
% CI 0.88-2.45]).
Fasting glucose concentration in blood>100 mg/dl was
found in 20.24% women in group 1 and in 24.64% of group
2; the differences were not statistically significant
(OR=1.98 [95% CI 0.80-4.91], p=0.138). When age adjusted, the odds ratio was slightly greater and the differences
were close to statistical significance (OR=2.31 [95 % CI
0.90-5.96] p=0.07).
Among country women compared with those living in
a big city, there were no statistically significant differences
in the incidence of being raised above 12.0 µIU/ml fasting
insulin level (39.4% vs. 63%) (OR=0.59 [95% CI 0.231.53]). The odds ratio did not significantly change when
adjusted for age (OR=0.63 [95% CI 0.24-1.64]).
In the studied groups the percentage of patients with
insulin resistance calculated using HOMA index was similar (in group 1 – 60.9%, group 2 – 51.5%). The odds ratio
did not change after considering the influence of age
(OR=1.82 [95% CI 0.67-4.73]).
When comparing group 1 and 2, the age-adjusted incidence of raised levels of fasting glucose>100 mg/dl and
IGF BP1 level, the statistically significant differences
between the groups will concern the incidence of glucose
level >100 mg/dl (OR=8.21 [95% CI 1.43-47.04], p=0.02),
for IGF BP 1. However, the odds ratio will be about 1. The
differences between group 1 and group 2 in the incidence of
BMI groups, HOMA index and IGFP1 level, when age
adjusted, will be statistically significant to the similar extent

both for BMI (OR=3.23 [95% CI 1.31-7.95], p=0.0094)
and for IGF BP1 in blood serum (OR=1.28 [95% CI 1.0601.54], p=0.009). If instead of the BMI group the waistline
will be the studied parameter, the odds ratio for waistline
will be about 1 (OR=1.08 [95% CI 1.02-1.015], p=0.01),
the odds ratio for IGF BP1 level will be slightly greater
(OR=1.27 [95% CI 1.06-1.53], p=0.01).
C-peptide level in blood serum was 942.82±668.19
pmol/l in group 1, 803.82±846.72 pmol/l in group 2; the
differences were not statistically significant.
The studied groups did not differ in the incidence of Cpeptide concentration in blood serum above 600pmol/l (in
group 1 – 57.1%, group 2 – 48.5%) (OR=1.73 [95% CI
0.68-4.42]). When age-adjusted, the odds ratio remained
the same (OR=1.72 [95 % CI 0.67-4.40]).
Comparing the incidence of raised C-peptide levels and
percentage of daytime raised systolic pressure values, statistically significant differences were found between the
studied groups for the raised values of C-peptide (OR=4.21
[95% CI 1.04-17.04], p=0.04). The age-adjusted odds ratio
is not changed (OR=4.12 [95% CL 1.01-16.88], p=0.04).
The occurrence of adiponectin in blood below 7µg/ml
was 63.2% in group 1, 45.7% in group 2. When age adjusted, the odds ratio is close to 1 (OR=0.97 [95% CI 0.362.63]); the differences are statistically insignificant.
Table 2 contains the comparison of systolic and diastolic blood pressure, pulse pressure, and heart rate in groups
1 and 2.
The incidence of hypertension was high in both groups
(in 58.3% group 1, in 65.2% group 2) (OR=1.67 [95% CI
0.73-3.82], p=0.22).
Having taken into account the influence of age and cigarette smoking, the differences in the incidence of arterial
hypertension were close to statistical significance
(OR=2.19 [95% CI 0.86-5.53], p=0.09).
In group 1, 19 patients were taking medication for
hypertension (16, blockers of converting enzyme;
angiotensin II receptor type 1 (AT1) antagonist, 16, beta
blockers), in group 2, 14 patients were treated for hypertension (12 with converting enzyme blocker, angiotensin II
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receptor type 1 (AT1) antagonist, 8 with beta blocker). The
differences between studied groups in the incidence of
hypertension medication use were not statistically significant (OR=1.28 [95% CI 0.59 - 2.77]).
The comparison of activity of TNF-α, MMP-8, and CRP
in blood serum in groups 1 and 2 are shown in Table 3.
In group 1, CRP>5mg/l was found in 8.2%, in group 2,
14.3%. These differences did not reach the level of statistical significance when age and cigarette smoking was considered (OR=0.93 [95 % CI 0.75-1.16]).
In group 1, MMP-9 level (ng/ml) was 168.70±129.52;
in group 2, 155.22±136.20. TIMP-1 level (ng/ml) in group
1 was 219.45±67.03, in group 2, 225.37±76.00. sICAM-1
level (ng/ml) in group 1 was 339.71±108.98, in group 2,
325.56±88.32. The differences in the parameters between
the groups were not statistically significant. Fibrinogen
level (mg/dl) in group 1 was 328.23±151.25; in group 2,
421.25±89.15, p=0.044. The comparison in groups 1 and 2
of MMP-9, TIMP-1, sICAM-1, and fibrinogen level in the
logistic regression equation was impossible due to uncertain estimations.
Among country women compared with those living in
a city, we found a statistically insignificantly less frequent
occurrence of elevated values of diastolic pressure (14.8%
vs. 24.4%), the odds ratio is close to 1 (OR=0.98 [95% CI
0.96-0.99]), also when age and cigarette smoking were
taken into account (OR=0.98 [95 % CI 0.96-1.00]).
Among country women compared with those living in
a city, we found statistically significantly lower values of
heart rate at rest (60.8±8.2/min vs. 64.5±9.3/min)
(OR=0.90 [95%CI 0.83-0.99], p=0.02). When we considered age and cigarette smoking, the odds ratio was
unchanged (OR=0.90 [95 % CI: 0.82-0.99], p=0.03).

Discussion of Results
The incidence of risk factors of ischaemic disease is still
very high in Polish society, although in the last few years
the tendency for growth in mortality and morbidity because
of acute coronary episodes was inhibited [3]. Many population studies showed that abdominal obesity, insulin resistance, and metabolic syndrome are among the classic cardiovascular risk factors [16, 17]. One of the factors that
could influence their incidence is the dwelling and work
place, determining the lifestyle, dietary habits, or type of
employment. The groups of women from urban and rural
areas that we studied differed in terms of employment, as
the percentage of women with higher or secondary education was considerably lower in the group of women living
in the country. This fact can significantly influence differences in life- and workstyle in the studied groups, and, in
consequence, the presence of cardiovascular risk factors.
The argument for the existence of such differences can be
the statistically significant differences that we found in the
average heart rate at rest and behaviour of arterial blood
pressure in the Holter study in both groups. In the studied
population, average values of diastolic blood pressure and
heart rate at night were significantly higher in city inhabi-

tants, which may be connected with higher activity of the
adrenergic nervous system, being a response to industrialization, stress, pace of life, and sedentary position.
The group of women aged 40-60 that was the subject of
our studies is special, because at that stage of life hormonal changes occur that are evidence for or the cause of considerable metabolic disorders, hiperlipidemia, obesity and,
as a result of these changes, the incidence of cardiovascular
episodes is increased [18, 19].
In our studied population of women aged 40-60 the
incidence of classic risk factors (obesity, overweight,
hypertension, metabolic syndrome) is very high, higher
than that observed in Lublin in the WOBASZ study [20,
21]. About 60% of women in both studied groups have arterial hypertension. Over half of them have lipid disorders,
and more than 60% are obesite or overweight. The incidence of abdominal obesity is particularly high in women
living in the city, as it concerns almost 70% of the studied
women; a slightly lower percentage (although the differences are not statistically significant) occurs in rural areas.
Overweight, obesity, or atherogenic lipid profile incidences
are not, as could be expected, significantly lower among the
women from the country in our study.
The assessment of metabolic syndrome incidence
among women from rural and urban areas of the Lublin
Region resulted in completely different findings. Their discussion seems to require some methodological comments.
In epidemiological studies three definitions of the metabolic syndrome exist. They are: the definition worked out by
Cholosterol Education Program (NCEP) ATPIII, the altered
NCEP definition, and the definition of the International
Diabetes Federation (IDF), developed in 2005.
Li et al. [22], when studying hypertensive patients,
found that it is just the presence of a metabolic syndrome
defined in accordance with the IDF crtiteria that shows the
strongest connection with ischaemic heart disease.
Each of the consecutively developed definitions is more
sensitive and, simultaneously, more specific, although their
changes and consequent changes in the diagnostic criteria
for the metabolic syndrome prove the necessity of improving the notion and a better understanding of metabolic disorders [21, 22]. Changes in the criteria of metabolic
sydrome diagnosis cause difficulties in comparing the incidence of metabolic syndrome in various populations. In
addition, the incidence of metabolic syndrome depends on
the age of the studied patients [23, 24].
In our studied group of women aged 40-60, metabolic
syndrome, diagnosed on the basis of the IDF definition
(2005) occurred less frequently among women from rural
areas compared with women from a city. In the urban population the mentioned criteria for metabolic syndrome diagnosis were fulfilled by a significantly larger number of people (over 66%) compared with people from the country
(about 31%).
Similar differences in the incidence of metabolic syndrome in cites and in the country have been presented by
other authors [24-26]. Das et al. [27] observed a higher incidence of metabolic syndrome among studied women from
India over 30 years of age in cities (56.2%) compared with
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a rural population (36.4%) [28]. In the studies of RamirezVargas [25] including people aged 35-65, the metabolic
syndrome diagnosed on the basis of the same criteria as
ours, occurred twice as often in the city (45.4%) compared
with the country (27%).
From the definition of the metabolic syndrome, it
appears that insulin resistance determination is not necessary to diagnose it, although in many papers such verification is reported. Fasting insulin concentrations in blood
serum over 12 µIU/ml among women from the country
were observed less often (about 40%) compared with the
city women (63%). However, the incidence of insulin resistance calculated on the basis of HOMA (HOMA index
>2.7) was high among city women and country women and
concerned over half of them. Statistically significant differences in the incidence of insulin resistance, depending on
the place of life and work of the studied women, were not
found. Similarly, no significant differences were found in
the incidence of high values (over 600 pmol/l) of C-peptide
in blood, although in city and country women this index of
insulin resistance and hyperinsulinemia also concerned
about half of the studied women (57.1% vs. 48.5%). The
role of C-peptide was described by Haban et al. [29] in the
study of postmenopausal women with type 2 diabetes. The
authors observed the relationship of the elevated concentration of C-peptide in blood with the atherogenic lipid image
and obesity, suggesting that C-peptide level is a clinically
important marker of cardiovascular complications and early
diabetes diagnosis.
The reverse influence that diminishes insulin resistance
and, at the same time, has a beneficial antiatherogenic effect
and a protective one against cardiovascular diseases, are
produced by an increase in the concentration of endogenous
adiponectin, whose source is mainly fatty tissue, and also
higher concentrations of SHBG and IGFBP-1. The cooperation of these compounds depends on the volume of the
fatty tissue, especially abdominal, which is metabolically
active (more so than subcutaneous fatty tissue) [30, 31]. In
our studies we observed a lower incidence of the reduced
adiponectin concentration (below 7 µg/ml) in the rural population (about 46%) compared with the urban population
(over 63%), although the differences were statistically
insignificant. Wang et al. [32] studied the relationship
between blood serum adiponectin and metabolic syndrome
in the Chinese population of men and women from the city
and the country. The blood serum adiponectin level was
higher among women compared with men from rural areas,
and also with city inhabitants. The incidence of metabolic
syndrome increased together with the decrease in
adiponectin level. The protective effect of adiponectin
against insulin resistance has recently been described in
many studies [31, 33].
Endogenous indices of insulin resistance are also
SHBG and IGF-BP-1 levels [10, 34, 35], whose average
levels were similar in the studied groups of women from the
city and the country. There is a significant relationship of
lipid levels and SHBG level in blood serum. Low SHBG
levels correlate with visceral obesity and atherogenic lipid
profile, which we observed in our earlier studies of patients
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with metabolic syndrome [36]. Similar results are reported
by other authors [10, 28]. In the studies of Kaiaj et al. [19],
insulin-resistant women showed a higher BMI, higher free
androgen index, and lower values of SHBG and HDL,
which suggests that SHBG can be an insulin resistance
marker in obese women.
The excess of visceral fat leading to insulin resistance,
lipid metabolism disorders, and atherogenic lipidogram
profile, also induces the weakening of coagulation and fibrinolysis processes. Metabolically active abdominal fatty
tissue is the source of a number of compounds of significant
importance to the cardiovascular risk. Proinflammatory
substances can be the indices of a chronic atherosclerotic
process [37, 38]. In our studies we observed a similar activity of proinflammatory compounds (TNF-α, MMP-9,
TIMP-1, ICAM-1, CRP) in the group of women from the
city and the country. Only the average MMP-8 level was
higher in patients from rural areas and close to statistical
significance. Similar population studies concerning a comparison of the endothelium function on the basis of those
markers in women from urban and rural areas were not
found in literature. Only studies of men, carried out by
Yajnik et al. (Coronary Risk of Insulin Sensivity in Indian
Subjects Study – CRISIS) [39] were aimed at the comparison of the incidence of insulin resistance, obesity, glucose
tolerance disorders, beta cells activity, and inflammatory
factors in the urban and rural populations. They showed the
prevalence of insulin resistance indices and a greater activity of inflammatory factors (interleukin-6 and CRP) among
the studied city inhabitants. The TNF-α activity was similar
in all the studied groups, as in our population of women
[39].
The results of our studies are in accordance with those
obtained by other authors in relation to lower incidences of
metabolic syndrome in the population of country women.
Other authors have found the presence of higher
adiponectin concentrations in country women [32, 38].
Despite those differences, the index of insulin resistance,
adiponectin and C-peptide concentration in blood, incidence of obesity, and atherogenic lipid profile did not significantly differ in both studied groups. Unlike other
authors, we did not observe lower concentrations of TNF-α
and CRP in the rural population, or significant changes in
the activity of metalloproteinases, their tissue inhibitor,
adhesive molecule, or the SHBG content in blood.
The results of our studies point to a complex and
diverse image of cardiovascular risk factors in urban and
rural areas which, despite existing differences, do not seem
to cause fundamental, essential changes in the indices of
intensification of destructive processes in the vascular wall.

Conclusions
1. The incidence of metabolic syndrome, insulin resistance factors such as the incidence of increased levels of
fasting C peptide, higher average levels of IGF BP1,
and significantly lower average heart rate and percentage of increased values of diastolic blood pressure at
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night were among women from rural areas compared
with the inhabitants of a big city, which suggests a
lower adrenergic system activity in rural women compared with those from a city. The observed differences
appear to be connected with the lifestyle resulting from
industrialization.
2. The incidence of atherogenic lipid profile (LDL>130
mg/dl, HDL<50 mg/dl, triglycerides >150 mg/dl),
abdominal obesity, insulin resistance (HOMA>2.7),
and hypertension did not significantly differ among
inhabitants from the country or the city.
3. Serum concentrations of factors participating in the
active inflammatory atherosclerotic process of vascular
endothelium (TNF-α, MMP-9, TIMP-1, ICAM-1,
CRP) in women without clinically manifested atherosclerotic symptoms (except for MMP-8, whose concentration in blood was significantly higher among rural
women) did not significantly differ in the studied
groups of women from the country and the city.
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