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Peroxisome proliferator-activated receptors (PPAR gamma-2) and beta-3-adrenergic receptors (ADRB3) are involved in the risk of
hypertension. But their exact role in blood pressure modulation in patients with connective tissue diseases (CTD) is still not well
defined. In this study, 104 patients with CTD and 103 gender- and age-matched controls were genotyped for Pro12Ala and
C1431T polymorphisms of the PPAR gamma-2 gene and Trp64Arg polymorphism of the ADRB gene. Anthropometric and
biochemical measurements were evaluated, followed by genotyping using TaqMan® SNP genotyping assays and polymerase
chain reaction-restriction fragment length polymorphism. The prevalence of analyzed genotypes and alleles was comparable
between patients with CTD and the control group, as well as hypertensive and normotensive subjects. Patients with CTD have
lower body fat and higher body water amount, serum glucose, and triglyceride (TG) levels. Hypertensive subjects are older and
have higher body mass, BMI, waist circumference (WC), body water content, glucose, and TG concentration. The multivariate
analysis revealed that hypertensive subjects with Ala12/X or Trp64Trp have higher body mass and WC when compared to
normotensive subjects. Trp64Trp polymorphism was also characterized by a higher TG level, while T1431/X subjects had higher
WC. The presence of CTD, visceral fat distribution, and increased age are the predictors of hypertension development.
Hypertensive patients with CTD and Trp64Trp polymorphism have an increased risk of visceral obesity development and
metabolic complications, which in turn affects the value of blood pressure. In addition, either Ala12/X or T1431/X predicts the
visceral body fat distribution in hypertensive subjects.

1. Introduction

Two genes, peroxisome proliferator-activated receptor
gamma (PPAR gamma-2) and beta-3-adrenergic receptor
(ADRB3), are involved in metabolic and inflammatory pro-
cesses. PPAR belong to the nuclear hormone receptor super-
family, from which the PPAR gamma-2 isoform plays a key
role in regulating adipogenic differentiation and glucose
homeostasis [1, 2]. Two genetic variants of PPAR gamma-
2—Pro12Ala (rs1801282) and C1431T (SNP rs3856806)—are
related to metabolic disorders [3]. Pro12Ala is associated not

only with an increased risk of obesity, insulin resistance, and
diabetes mellitus [1, 4–8] but also with an increased risk of
cardiovascular diseases including hypertension [9–11]. The
second polymorphism of PPAR gamma-2 (C1431T) is also
related to metabolic and cardiovascular risk; however, the
data are inconsistent [6, 7, 12–14]. Some studies show that
the T1431 allele is significantly associated with a reduced risk
of coronary artery disease [15], while others indicate an
increased risk of myocardial infarction in diabetic patients
[6]. The role of C1431T polymorphism is also underlined
in hypertension and obesity [13, 14, 16, 17]. Similar to PPAR
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gamma-2, the Trp64Arg polymorphism of the ADRB3 gene
(e.g., Trp64Arg) influences metabolic parameters and cardio-
vascular risk [12].

Since the ratio between polymorphisms of PPAR gamma-
2 and ADRB3 genes is not well established in hypertensive
patients with CTD, we tested whether analyzed genetic fac-
tors are associated with blood pressure values and metabolic
parameters in this group. Therefore, we determined the fre-
quency of the analyzed variants and polymorphisms of the
PPAR gamma-2 gene in CTD patients, and we investigated
their association with hypertension in the context of anthro-
pometric and biochemical parameters.

2. Materials and Methods

2.1. Study Group. In this study, 111 patients were selected
from patients in the Department of Rheumatology and Inter-
nal Diseases. The participants were also selected from our
previous study [18]. Those patients with severe kidney and
liver diseases, with infections, with untreated thyroid disor-
ders, that are nonsmokers, with skin ulcerations during
CTD, and without supplementation of minerals and vitamins
were selected to the study. Thus, 104 subjects meeting the
above criteria were included for further analysis. Average
body mass-matched healthy controls were enrolled onto the
study. Of the 104 patients, nearly 70% with CTD required
treatment orally with glucocorticosteroid. All hypertensive
patients with CTD used blood pressure-lowering medica-
tions. Informed consent was signed by each patient. Research
was conducted according to the principles expressed in the
Declaration of Helsinki, and signed consent was obtained
from each patient. The study was approved by the local
research ethics committee (Bioethics Committee of Poznan
University of Medical Sciences, no. 791/15).

2.2. Anthropometric Measurements. Basic anthropometric
parameters included body mass (measured in underwear)
and height measurements. The waist was measured on the
midline between the lowest part of the 12th rib and the
suprailiac crest by theWHOmethod, and hip circumferences
were measured at the widest point over the buttocks [19].
BMI was calculated as weight divided by height squared
(kg/m2), and the waist hip ratio (WHR) was estimated as
waist circumference to hip circumference. A bioimpedance
analyzer (Bodystat 1500, Bodystat Ltd., UK) was used to
assess fat content as a proportion of total body mass. The
bioimpedance analysis was performed with a single fre-
quency (50 kHz) device.

Each subject was examined at 8:00 AM in a controlled
environment at room temperature (RT). After 20min of rest
in a supine position, brachial SBP and DBP were determined
as the average of three measures obtained by an experienced
medical staffmember on the patient’s nondominant arm and
following a 10min rest using a standard mercury sphygmo-
manometer (the mean of three measurements of SBP and
DBP was calculated). Blood pressure was measured accord-
ing to the guidelines of the European Society of Hypertension
Working Group on BPMonitoring [20]. The diagnosis of HT
was given if systolic blood pressure exceeded 140mmHg

and/or diastolic blood pressure was higher than 90mmHg.
The specific characteristics of pulsatile arterial hemodynam-
ics included the analysis of two components of blood pres-
sure: mean arterial pressure (MAP) and pulse pressure (PP)
[21]. PP was determined by subtracting the diastolic from
the systolic blood pressure, and MAP was calculated by using
the formula: MAP = ½ðSBP + 2 × DBPÞ�/3 [21, 22].

2.3. Blood Parameter Measurements. Blood samples were
drawn from the antecubital vein after an overnight fast and
were collected in tubes containing EDTA. Serum samples
were separated from clotted blood (15min, RT) and centri-
fuged (15min, 3000 × g). Enzymatic colorimetric assays
(Pentra 400, Horiba ABX) were used to measure glucose
and lipid profiles (total cholesterol (TC), high-density lipo-
proteins (HDL) and low-density lipoproteins (LDL), and tri-
glycerides (TAG)). Samples were immediately centrifuged,
and serum was separated and directly used for assays. The
serum level of LDL was determined using the Friedewald
equation ½LDL‐CTC fHDL‐C ðTG/5Þg� [23].

2.4. Genetic Evaluation. A detailed description of the meth-
odology was included in our previous studies [2, 18, 24].
DNA samples from patients and controls were isolated
from peripheral blood lymphocytes with a Gentra Pure-
gene Blood Kit (Qiagen, Hilden, Germany). DNA purity
and concentration were confirmed using a NanoDrop
ND-1000 spectrophotometer.

We selected the SNPs previously associated with connec-
tive tissue diseases. We chose genomic regions based on a
review of the literature and used the most significant reported
SNPs which had been analyzed in relatively large groups of
cases. All polymorphisms selected for this study had minor
allele frequencies > 0:4 to achieve enough statistical power.
Altogether, two SNPs in PPAR gamma-2 (rs1801282,
rs3856806) and one in β3-AR gene (rs4994) were analyzed.

The SNPs were genotyped using predesigned TaqMan®
SNP genotyping assays (Life Technologies, Carlsbad, Califor-
nia; assay IDs: PPAR gamma-2 (rs1801282: C_1129864_10)
and β3-AR gene (rs4994: C_2215549_20)). The polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP analysis) was performed with HOT FIREPol
Probe qPCR Mix Plus (no ROX) according to the manu-
facturer’s instructions provided by Solis BioDyne (Tartu,
Estonia). The PCR thermal cycling was as follows: initial
denaturation at 95°C for 15min.; 40 cycles of 95°C for
15 sec and 60°C for 60 sec. Thermal cycling was performed
using a CFX96 Touch™ Real-Time PCR Detection System
(Bio-Rad, Hercules, California, U.S.). As a quality control
measure, negative controls and approximately 5% of samples
were genotyped in duplicate to check genotyping accuracy.
The genotypes of selected samples were confirmed by direct
sequencing (OLIGO, IBB, Warsaw, Poland).

In case of C1431T (rs3856806) in PPAR gamma-2 genes,
the PCR-restriction fragment length polymorphism (PCR-
RFLP) method was applied. The 170 bp PCR product of exon
6 was digested with the Eco72I enzyme (according to the
manufacturer’s instructions: Fermentas, Vilnius, Lithuania).
Digestion products were separated by 2.5% agarose gel
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electrophoresis. In the case of wild-type DNA, two bands of
127 bp and 43 bp were present. The wild-type form was not
digested by this endonuclease. The genotypes of selected
samples were confirmed by direct sequencing (OLIGO, IBB,
Warsaw, Poland).

2.5. Statistical Analysis. GraphPad PRISM 5 Software
(GraphPad, San Diego, CA) was used for statistical calcula-
tions. Genotype data were tested for deviations from the
Hardy-Weinberg equilibrium. The chi-squared test was used
to analyze the differences in genotype/allele frequencies
between connective tissue disease (CTD) patients and the
controls, as well as between normo- and hypertensive
patients. The strength of associations between the PPAR
gamma-2 genotypes (rs1801282 and rs3856806) among stud-
ied groups and ADRB3 gene (Trp64Arg) was calculated using
logistic regression and expressed as an odds ratio (95% CI),
and the differences were considered significant if the value
of probability (P) was less than 0.05. Module contingency
tables were used in these calculations. For polymorphisms,
the wild-type or ancestral genotype/allele served as a refer-
ence category.

The distributions of the anthropometrical and biochemi-
cal data were tested with the Shapiro-Wilk normality test. If
analyzed data were not normally distributed, nonparametric
tests were used. Since the number of Ala12Ala homozygotes
was small (in both CTD patients and the control group) com-
pared to Pro12Pro homozygotes, they were calculated
together with Pro12Ala heterozygotes for all the analyses
and are presented as Ala12/X in Table 1. Similarly, patients
with C1431T+T14131T polymorphisms were collapsed
together and are presented as T1431/X, and in the same
way, Trp64Arg+Arg64Arg polymorphisms were analyzed
as Arg64/X.

Student’s t-test was used to compare continuous vari-
ables between two groups if the data distribution was con-
cordant with the normal distribution (Shapiro-Wilk test).
If the data did not meet the criteria mentioned above, the
nonparametric Mann-Whitney U-test was used. For nor-
mally distributed data, a multifactor ANOVA analysis was
performed to determine whether the dependent variables
were significantly different between study and control
groups in relation to polymorphism and statin intake. Oth-
erwise, the nonparametric Kruskal-Wallis test was used. A P
value less than 0.05 was regarded as statistically significant.
Statistical analyses were performed with STATISTICA 12
(including STATISTICA Medical Package 2.0; StatSoft, Inc.
2014 software) and SPSS 22 (IBM, Inc., Chicago, IL, USA).

3. Results

The analysis of allele and genotype frequencies showed no
differences between CTD and control groups (Table 2).

Four different comparisons of anthropometric and blood
pressure parameters in CTD vs. control group and hyperten-
sive vs. normotensive subjects are shown in Table 3. The first
comparison of patients with CTD and control group (Table 3
(I)) revealed that patients with CTD have a lower hip circum-
ference, body fat and water, SBP, DBP, and MAP and a

higher body water amount, serum glucose, and triglyceride
level. The second comparison of hypertensive (n = 89) to
normotensive (n = 118) patients (Table 3 (II)) demonstrated
that hypertensive patients are older and have higher body
mass, WC, LBM, body water content, BMI, glucose, and
TG level.

The third analysis including only patients with CTD dis-
eases (Table 3 (III)) indicated that hypertensive CTD patients
(n = 56) are older and have a higher body mass, WC, body fat
amount, LBM, body water content, BMI, and serum glucose
level when compared to normotensive subjects (n = 48).
The fourth comparison of hypertensive subjects to normo-
tensive ones in the control group (Table 3 (IV)) showed that
the groups differed in age and glucose level.

The multivariate analysis of all subjects in this study
(Table 1 (I)) showed that hypertensive patients with Ala12/X
or Trp64Trp genotypes have a higher body mass and waist
circumference when compared to normotensive subjects.
The levels of TG were higher in patients with Trp64Arg
genotype, while subjects with T1431/X have higherWC. Sim-
ilar relationships were observed in hypertensive CTD when
compared to normotensive subjects with CTD (Table 1 (II)).

For results presented in Tables 1 and 3, adjustment for
the Family-Wise Error Rate (FWER) in multiple compari-
sons was not calculated, because these corrections were not
included in the primary hypothesis of the current study.
The P values uncorrected for use of multiple comparisons
were presented for illustrative purposes, without making a
categorical assertion.

Gene-to-gene interaction in the context of WC and BMI
in patients with hypertension and normal blood pressure was
analyzed in the control and CTD groups using two-way
ANOVA (Table 4).

4. Discussion

This study reveals associations between the analyzed poly-
morphisms and metabolic parameters and blood pressure
characteristics in CTD. We have shown that hypertensive
patients with the Ala12/X or Trp64Trp genotypes have an
increased risk of visceral obesity development. A tendency
to visceral fat distribution was also observed in hypertensive
patients with CTD.

The data presented in Table 2 showed no differences
between CTD and control groups. Since ethnic and environ-
mental variations for the analyzed alleles have been reported,
we compared the data to other Caucasian populations. The
frequencies of all analyzed alleles were comparable in both
groups (CTD and control groups as well as hypertensive
and normotensive subjects). The analyzed frequency of the
Ala12 allele carrier was similar to the allele frequencies in
other Caucasian populations (0.11–0.13), including those of
Polish ethnicity [2, 4, 25]. The frequencies of the T1431 and
Arg64 allele carriers were also comparable to frequencies
observed in Polish subjects (T1431 (frequency 0.148) and
Arg64 (frequency 0.101)) [24].

The data in Table 3 showed different comparisons in the
four groups of analyzed patients. In this study, we analyzed
not only SBP and DBP but also parameters of hemodynamic
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Table 1: Genetic background of hypertension in analyzed groups.

Analyzed parameters Group Polymorphism
I. Both groups (CTD and control

groups)
II. Patients with CTD

N X ± SD P value N X ± SD P value

Body mass (kg)
Hypertensive

Ala12/X
28 78:17 ± 17:74

0.0061
15 81:17 ± 21:28

0.0169
Normotensive 36 68:64 ± 11:42 15 67:91 ± 13:04

WC (cm)
Hypertensive

Ala12/X
28 95:14 ± 19:11

0.0012
15 99:56 ± 23:31

0.0044
Normotensive 36 83:77 ± 11:51 15 83:46 ± 11:05

WC (cm)
Hypertensive

T1431/X
23 92:86 ± 21:24

0.0084
13 98:42 ± 24:75

0.0041
Normotensive 37 83:05 ± 13:26 12 80:51 ± 12:07

Body mass (kg)
Hypertensive

Trp64Trp
73 74:42 ± 12:05

0.0138
45 73:70 ± 12:27

0.0383
Normotensive 105 69:22 ± 13:02 41 66:83 ± 13:95

WC (cm)
Hypertensive

Trp64Trp
73 91:21 ± 14:28

0.0009
45 91:85 ± 15:75

0.0201
Normotensive 105 84:12 ± 13:77 41 83:92 ± 15:60

TG (mmol/L)
Hypertensive

Trp64Trp
73 1:82 ± 1:18

0.0030
45 2:10 ± 1:31

0.0224
Normotensive 105 1:41 ± 0:78 41 1:55 ± 1:01

WC: waist circumference; TG: triglycerides.

Table 2: Allele frequency distribution and logistic regression analysis (with odds ratio (OR) and 95% confidence interval (CI)) for the
associations of the studied PPAR gamma-2 and ADRB3 polymorphisms with CTD vs. control group and hypertension (HA) vs. normal
blood pressure.

PPARγ polymorphisms
Alleles N (frequency) Logistic regression analysis
rs1801282 CTD (N = 104) Control group (N = 103) OR (95% CI) P

Pro 174 (0.84) 169 (0.82) 11

Ala 34 (0.16) 37 (0.18) 0.8925 (0.5351-1.489) 0.6629

Hypertensive (N = 89) Normotensive (N = 118) OR (95% CI) P

Pro 146 (0.82) 196 (0.83) 11

Ala 32 (0.18) 40 (0.17) 1.074 (0.6436-1.792) 0.7846

rs3856806 CTD Controls OR (95% CI) P

C1431 181 (0.87) 168 (0.82) 11

T1431 27 (0.13) 38 (0.18) 0.6595 (0.3858-1.127) 0.1264

Hypertensive Normotensive OR (95% CI) P

C1431 153 (0.86) 196 (0.83) 11

T1431 25 (0.14) 40 (0.17) 0.8007 (0.4653-1.378) 0.4213

ADRB3 polymorphism

Alleles N (frequency) Logistic regression analysis

rs4994 CTD Controls OR (95% CI) P

Trp64 190 (0.91) 195 (0.95) 11

Arg64 18 (0.09) 11 (0.05) 1.679 (0.7726-3.651) 0.1865

Hypertensive Normotensive OR (95% CI) P

Trp64 162 (0.91) 223 (0.94) 11

Arg64 16 (0.09) 13 (0.06) 1.694 (0.7927-3.621) 0.1696
1Reference category; OR (95% CI): odds ratio (95% confidence interval).
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characteristics such as MAP (which refers to the steady pres-
sure and vascular resistance of small arteries) and PP (which
is determined by stroke volume, arterial stiffness, and wave

reflections) [20, 22]. The first comparison between CTD
and the control group (Table 3 (I)) indicated that patients
with CTD have proper blood pressure (SPB < 140mmHg

Table 3: Comparison of anthropometric and blood pressure parameters in CTD vs. control group and hypertensive vs. normotensive
subjects.

Analyzed parameters
I. CTD n = 104 Control n = 103 II. Hypertensive n = 89 Normotensive n = 118

X ± SD X ± SD P X ± SD X ± SD P

Age (years) 53:76 ± 15:80 56:00 ± 3:91 0.1639 57:73 ± 12:50 52:72 ± 10:34 0.0019

Height (cm) 165:92 ± 9:67 164:40 ± 5:26 0.1611 165:74 ± 8:67 164:74 ± 7:10 0.3624

Body mass (kg) 70:45 ± 15:66 71:96 ± 12:02 0.4367 74:40 ± 14:95 68:79 ± 12:69 0.0039

WC (cm) 88:02 ± 15:81 86:14 ± 12:42 0.3420 90:82 ± 14:63 84:27 ± 13:29 0.0009

Hip circumference (cm) 98:31 ± 8:82 103:50 ± 8:82 0.00001 101:96 ± 9:43 100:09 ± 8:93 0.1464

Body fat (kg) 24:27 ± 11:20 28:38 ± 8:54 0.0034 27:40 ± 12:06 25:50 ± 8:41 0.1838

LBM (kg) 47:52 ± 13:53 47:08 ± 36:33 0.9076 51:97 ± 39:85 43:78 ± 9:42 0.0323

Body water (L) 36:06 ± 10:17 33:32 ± 4:75 0.0138 36:95 ± 10:54 32:99 ± 4:87 0.0004

BMI (kg/m2) 25:50 ± 4:69 26:59 ± 4:13 0.0763 26:97 ± 4:37 25:34 ± 4:39 0.0085

SBP (mmHg) 135:05 ± 16:77 142:26 ± 22:82 0.0102 140:97 ± 18:27 136:88 ± 21:59 0.1519

DBP (mmHg) 78:22 ± 11:38 87:80 ± 13:78 0.00001 84:32 ± 14:01 81:98 ± 13:04 0.2189

MAP (mmHg) 97:16 ± 11:74 105:95 ± 16:20 0.00001 103:20 ± 14:26 100:28 ± 15:08 0.1601

PP (mmHg) 56:83 ± 13:80 54:47 ± 13:06 0.2078 56:65 ± 13:21 54:90 ± 13:66 0.3547

Glucose (mmol/L) 5:40 ± 0:98 5:30 ± 0:67 0.0001 5:43 ± 1:06 5:29 ± 0:63 0.00001

TG (mmol/L) 1:74 ± 1:12 1:33 ± 0:63 0.00001 1:75 ± 1:10 1:38 ± 0:75 0.0001

Steroids (mg/day) 38:47 ± 41:44 — — 42:21 ± 41:40 34:10 ± 41:50 0.3221

WHR 0:89 ± 0:15 0:83 ± 0:07 0.00001 0:89 ± 0:15 0:84 ± 0:09 0.00001

Analyzed parameters

III. CTD IV. Control groups

Hypertensive
N = 56

Normotensive
N = 48

Hypertensive
N = 33

Normotensive
N = 70

X ± SD X ± SD P X ± SD X ± SD P

Age (years) 57:93 ± 15:53 48:90 ± 14:84 0.0032 57:39 ± 3:90 55:34 ± 3:77 0.0123

Height (cm) 165:71 ± 10:09 166:18 ± 9:24 0.8055 165:79 ± 5:64 163:75 ± 4:97 0.0654

Body mass (kg) 74:39 ± 16:50 65:85 ± 13:38 0.0050 74:43 ± 12:12 70:80 ± 1:88 0.1533

WC (cm) 91:56 ± 15:96 83:90 ± 14:74 0.0130 89:56 ± 12:17 84:53 ± 12:29 0.0546

Hip (cm) 99:76 ± 8:83 96:63 ± 8:60 0.0705 105:70 ± 9:38 102:46 ± 8:42 0.0827

Body fat (kg) 26:31 ± 13:25 21:89 ± 7:68 0.0444 29:25 ± 9:63 27:98 ± 8:02 0.4841

LBM (kg) 50:28 ± 15:28 44:31 ± 10:40 0.0241 54:84 ± 62:86 43:42 ± 8:75 0.1376

Body water (L) 38:39 ± 12:26 33:35 ± 6:07 0.0110 34:52 ± 6:13 32:75 ± 3:86 0.0776

BMI (kg/m2) 26:95 ± 4:69 23:81 ± 4:13 0.0004 27:01 ± 3:83 26:39 ± 4:27 0.4827

SBP (mmHg) 137:66 ± 16:75 132:00 ± 16:44 0.0861 146:58 ± 19:62 140:23 ± 24:05 0.1891

DBP (mmHg) 80:04 ± 12:75 76:10 ± 9:23 0.0790 91:58 ± 13:19 86:01 ± 13:78 0.0556

MAP (mmHg) 99:24 ± 12:56 94:74 ± 10:29 0.0499 109:91 ± 14:64 104:09 ± 16:65 0.0887

PP (mmHg) 57:63 ± 14:08 55:90 ± 13:56 0.5269 55:00 ± 11:58 54:21 ± 13:78 0.7773

Glucose (mmol/L) 5:47 ± 1:18 5:34 ± 0:69 0.0002 5:37 ± 0:82 5:26 ± 0:59 0.0229

TG (mmol/L) 1:96 ± 1:22 1:49 ± 0:95 0.0791 1:38 ± 0:73 1:30 ± 0:57 0.0921

Steroids (mg/day) 42:21 ± 41:40 34:10 ± 41:50 0.3221 — — —

WHR 0:92 ± 0:17 0:86 ± 0:11 0.0734 0:84 ± 0:08 0:82 ± 0:07 0.1582

WC: waist circumference; LBM: lean body mass; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial
pressure; PP: pulse pressure; TG: triglycerides; WHR: waist to hip ratio.
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andDBP < 90mmHg) and were characterized by lower MAP
when compared to the control group. This could have been
caused by hypotensive treatment modified at every admis-
sion to the hospital. Similar associations were observed when
comparing hypertensive vs. normotensive patients with CTD
(P = 0:0499) (Table 3 (III)). Unfortunately, low MAP is asso-
ciated with a poorer prognosis and an 11% increased mortal-
ity in patients with cardiovascular diseases [26].

To compare body components between the analyzed
groups, we used the bioimpedance method, which allows an
estimation of lean body mass (free fat mass) and body fat
content [27–29]. In our study, body mass, LBM, and BMI
values were comparable between CTD and control groups.
Similarly, other studies have not shown differences in fat-
free mass (LBM) and fat mass between patients with rheuma-
toid arthritis and control groups if the groups have compara-
ble BMI within the recommended range (<25 kg/m2) [30,
31]. But in our study, patients with CTD were characterized
by higher water content, serum glucose, and triglyceride level

when compared to healthy subjects. Changes in body com-
partments and metabolic parameters can be associated with
an inflammatory state present in the course of autoimmune
disorders as well as being a side effect of glucocorticosteroid
use [32, 33].

The second comparison showed that hypertensive
patients were older when comparing normotensive subjects
independent of the analyzed groups (whole group (Table 3
(II)), CTD patients (Table 3 (III)), or control group (Table 3
(IV))). This fact reflects the general tendency of increasing
blood pressure with age [34]. Moreover, both aging and
hypertension have a critical role in cardiovascular and cere-
brovascular complications [35]. In this study, hypertensive
subjects had a higher body mass and WC (Tables 3 (II) and
3 (III)). These data are in accordance with the fact that the
prevalence of hypertension increases with weight gain and
the visceral distribution of body fat [36]. Moreover, hyper-
tensive subjects have higher body water content, which could
be associated with the tendency of water gathering in the

Table 4: Gene-to-gene interaction in hypertensive and normotensive groups with CTD and control groups.

Group Genotype
CTD Control

X ± SD n P X ± SD n P

WC

Normotensive
Pro12Pro 84:09 ± 16:30 33

ns
84:76 ± 12:49 49

ns
Ala12/X 83:47 ± 11:05 15 84:00 ± 12:10 21

Hypertensive
Pro12Pro 88:63 ± 11:27 41

0.0216
89:25 ± 12:80 20

ns
Ala12/X 99:57 ± 23:31 15 90:04 ± 11:63 13

Normotensive
C1431C 85:03 ± 15:51 36

ns
84:67 ± 11:49 45

ns
T1431/X 80:50 ± 12:08 12 84:28 ± 13:87 25

Hypertensive
C1431C 89:49 ± 11:81 43

ns
91:26 ± 11:41 23

ns
T1431/X 98:42 ± 24:75 13 85:65 ± 13:56 10

Normotensive
Trp64Trp 83:93 ± 15:60 41

ns
84:25 ± 12:60 64

ns
Arg64/X 83:71 ± 8:94 7 87:50 ± 8:50 6

Hypertensive
Trp64Trp 91:86 ± 15:76 45

ns
90:20 ± 11:73 28

ns
Arg64/X 90:36 ± 17:49 11 86:00 ± 15:39 5

BMI (kg/m2)

Normotensive
Pro12Pro 23:76 ± 4:62 33

ns
26:64 ± 4:64 49

ns
Ala12/X 23:90 ± 2:94 15 25:84 ± 3:30 21

Hypertensive
Pro12Pro 25:37 ± 4:78 41

ns
26:87 ± 4:18 20

ns
Ala12/X 28:76 ± 5:89 15 27:24 ± 3:84 13

Normotensive
C1431C 23:98 ± 4:49 36

ns
26:49 ± 3:88 45

ns
T1431/X 23:29 ± 2:96 12 26:23 ± 4:99 25

Hypertensive
C1431C 25:02 ± 4:49 43

ns
27:28 ± 3:99 23

ns
T1431/X 27:64 ± 4:71 13 26:40 ± 3:57 10

Normotensive
Trp64Trp 24:13 ± 4:30 41

ns
26:49 ± 4:40 64

ns
Arg64/X 21:88 ± 2:42 7 25:41 ± 2:67 6

Hypertensive
Trp64Trp 26:96 ± 3:84 45

ns
27:32 ± 3:73 28

ns
Arg64/X 27:08 ± 7:38 11 25:28 ± 4:42 5

WC: waist circumference; BMI: body mass index; CTD: connective tissue diseases.
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hypertensive state [37]. The analysis (Table 3 (II)) of all
hypertensive (n = 89) and all normotensive subjects
(n = 118) did not reveal differences between SBP, DBP, PP,
and MAP, because hypertensive subjects used medications
to lower blood pressure; however, the analysis of blood pres-
sure suggested the intensification of hypotensive therapy to
achieve therapeutic goals mainly in the control group,
because patients with CTD had proper blood pressure
(Table 3 (I)).

The third comparison (Table 3 (III)) including only
patients with CTD shows that hypertensive patients were
older and had a higher body mass, BMI, WC, and body fat
content; however, the value of PP was comparable in all the
presented analyses. PP is considered a predictor of cardiovas-
cular disorders in the general population [38] and hyperten-
sive state [39]. The calculation of hemodynamic parameters,
if the normal blood pressure of 120/80mmHg is present,
gives PP = 40mmHg. Unfortunately, in this study, the value
of PP was high and exceeded 54mmHg in all analyzed sub-
jects. Thus, elevated PP in patients with CTD increases the
risk of cardiovascular disorders [38]. This fact can be
explained by a reduction in cardiac output, which neurohu-
morally activates a compensatory mechanism and a systemic
vascular resistance. In consequence, the arterial stiffness
increases [38, 39]. In Table 3, chi-squared analysis for the
number of patients with hypertension (n = 56, n = 33)
and normal blood pressure (n = 48, n = 70) in CTD and
control groups showed that the hypertensive state was sig-
nificantly related to CTD (27.05%) while normotensive
patients were predominantly present in the control group
(33.82%; P = 0:0015).

Data in Table 1 show that hypertensive patients, carriers
of Ala12 allele, have a higher body mass and WC, which
reflects the tendency for the coexistence of this allele with
increased blood pressure [9–11, 40, 41]. Moreover, the
Ala12 allele is also associated with higher body mass and
BMI value and a tendency to obesity not only in Caucasian
subjects [25] but also in other populations [4, 5]. The Ala12
carrier is also related to increased body mass in women,
and the additive effect of coexisting Ala12 and T1431 alleles
is present [16]. In this study, patients with the T1431/X geno-
type were characterized by higher WC; however, we did not
observe any additive effect of Ala12 or T1431 alleles (data
not shown in tables). Interestingly, hypertensive homozygous
subjects with the Trp64Trp genotype (both CTD and control
groups) were characterized by a higher body mass, WC, and
TG level when compared to normotensive subjects. In con-
trast to our study, Corella et al. reported that the Arg64 allele
was associated with a higher BMI in aMediterranean Spanish
population [42]. We suspect that such differences are related
to different ethnicities, which are related to different genetic
and environmental factors and the presence of CTD.

Two-way ANOVA has been used to determined differ-
ences between values of WC and BMI in hypertensive and
normotensive groups and analyzed genotypes in patients
with CTD and control group (Table 4). This analysis showed
that Ala12/X genotype determined the higher values of waist
circumference in patients with hypertension and CTD
(P = 0:0216).

5. Conclusion

We did not find differences between genotype/allele frequen-
cies between the analyzed hypertensive patients with CTD
diseases and the control group; however, we showed that
the analyzed polymorphisms Pro12Ala, T14131/X, and
Trp64Trp were associated with worse anthropometric
parameters in hypertensive subjects. From the analyzed
genetic variants, the Trp64Trp genotype shows the stronger
relation with hypertension, because it is associated not only
with a higher body mass and waist circumference but also
with higher triglyceride levels and may predict the develop-
ment of metabolic syndrome in the future. Moreover, the
hypertensive state was related to higher age and tended to
visceral fat distribution (higher body mass, BMI, and WC).
Although the patients with CTD were characterized by
proper values of SBP and DBP, the MAP was lower in this
group. Hypertension was well treated in CTD patients, but
the intensification of lowering blood pressure therapy is nec-
essary in the control group. Our findings suggest complex
genotype-environmental interactions with hypertensive risk,
and further studies should show amore complex relationship
between the analyzed polymorphisms and metabolic risk.
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