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Background: The aim of the research genetic study was to investigate the association between
variants (C1431T and Pro12Ala) of the peroxisome proliferator-activated receptor (PPARgamma-2)
gene, Trp64Arg polymorphism of the beta-3-adrenergic receptor gene and lipid profile in Polish
population including group of 103 patients with connective tissue disease (CTD) and 103 sex-
and age-matched controls in context of statin use.

Methods: Anthropometric and biochemical parameters were measured by routine methods,
followed by genotyping (TagMan® Genotyping Assays, PCR-restriction fragment length poly-
morphism analysis). Nearly 30% of CTD patients used statins and 10% of the control group.
Results: Although there were no differences between alleles and genotypes prevalence between
CTD vs control groups, interesting lipid-gene associations were noted in this study. A higher
level of triglycerides (TAG) and TAG/high-density lipoprotein (HDL) ratios was observed in
CTD patients compared to controls. Similar differences were noted in CTD and control groups
without statin treatment. Atherogenic markers: the atherogenic index of plasma, TAG/HDL
and low-density lipoprotein/HDL ratio were low in the analyzed groups. Of the six analyzed
polymorphisms, the Pro12Pro or C14131C or Trp64Trp genotypes were related to higher TAG
and TAG/HDL ratios in patients with CTD; however, the highest TAG values were observed
in the presence of the Trp64Trp genotype.

Conclusion: Lipid disorders were present in both groups independent of statin treatment
(mixed dyslipidemia and hypercholesterolemia were observed in the CTD and control groups,
respectively). The risk of dyslipidemia increases with age. The presence of Pro12Pro, C14131C
and Trp64Trp genotypes is related to higher TAG level in CTDs, and of these the Trp64Trp
variant most reliably predicts hypertriglyceridemia.

Keywords: C1431T, Prol2Ala, Trp64Arg polymorphisms, lipoproteins, rheumatic diseases,
statins

Introduction

Development of atherosclerosis increases with age, and cardiovascular disorder in
connective tissue disease (CTD) is related to genetic factors, auto-antibody production,
reactivation of lymphocytes and nutritional behavior.' Dyslipidemia decisively affects
the long-term prognosis of autoimmune diseases with regard to cardiovascular events.
But the synthesis of proinflammatory cytokines during CTD accelerates this risk.>?
The development of cardiovascular disorders also depends on PP4ARgamma-2, which
causes metabolic changes and is related to lipid disorders.** For example, the common
Pro12Ala polymorphism of PPARgamma-2 is associated with dyslipidemia and many
studies suggest its functional and prognostic consequences in cardiometabolic diseases
(mainly the protective effect of the Alal2 allele on diabetes and myocardial infarction).%
Moreover, activation of the PPARgamma-2 gene changes inflammatory processes and
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is suspected to participate in the development of CTD, eg,
rheumatoid arthritis.”® But some studies do not confirm the
association of the Pro12Ala polymorphism with rheumatoid
arthritis.” Another PPARgamma-2 polymorphism, C1431T,
is associated with the risk of diabetes, obesity, metabolic
syndrome and coronary artery disease.!®!! Nevertheless, the
role of this polymorphism in CTD is not well defined.””

Besides PPARgamma-2, the beta-3-adrenergic receptor
(ADRB?3) gene influences metabolic and lipid disorders. The
Trp64Arg polymorphism of ADRBS3 is related to hypertrig-
lyceridemia and increased levels of low-density lipoproteins
(LDLs)."? Some studies have shown the association of the
Arg64 allele with higher body mass index (BMI) and total
cholesterol (TC) level,'® whereas others have not confirmed
such correlations.'*!* Thus, the prevalence of the Pro12Ala,
C1431T and Trp64Arg polymorphisms needs exploration
because their exact effect on metabolic parameters in CTD
has not been precisely defined.?’

In view of the increased cardiovascular risk in CTD, many
patients should be monitored for lipid parameters. If hyper-
cholesterolemia is present (elevated LDL level), statins are
used as a first-line treatment for prevention of coronary artery
disease and reduction of the incidence of heart attack and
stroke.'*!” Some data even show the protective effect of these
medications against the development of rheumatic arthritis
in patients with hyperlipidemia.'® Statins are also effective
ligands for PPARalpha and PPARgamma genes."

Since the specific activity of statins as ligands of
PPARgamma-2 and metabolic disorders are related to
PPARgamma-2 and ADRB3 gene polymorphisms, we
intended to show the associations of the mentioned variants
with lipid disorders in the context of hypolipidemic treatment
in a group of patients with CTD.

Methods
Study group

In this study, patients with CTD and healthy subjects were
involved. Selection of subjects was based on the absence
of infectious diseases, cancer, acute renal or liver failure,
untreated thyroid disease and use of lipid-lowering medica-
tions except for statins. The criteria were used in both groups:
CTD and control group.

First, 110 patients with CTD were included in the study;
however, 7 patients taking fenofibrate or ezetimibe were
eliminated. In summary, 30 patients (29%) with CTD and
10 subjects (9.7%) in control group used statins. All patients
with CTD included in the study were on disease-modifying
antirheumatic drugs and 72 patients used glucocorticosteroids.
The subjects in control group were recruited from Poznan

Outpatient Clinic and consisted of subjects without rheumatic
diseases. The control group was matched according sex,
age, body mass and waist circumference (which determined
visceral or gynoidal adiposity), what allowed to select the
patient with the same body fat distribution.

As kidney involvement is frequently observed in rheu-
matic diseases, atorvastatin is mainly used in most patients.?
For calculation of the average dose of statins, the dosage
equivalence of HMG-CoA reductase inhibitors was applied.
For the statistical analysis, the average dose of simvastatin
or rosuvastatin was expressed as mg/day of atrovastatin.?"-?
The amount of glucocorticosteroids administered orally
(prednisone and methylprednisolone) were transformed
into the amount of methylprednisolone (mg/day). The
Ethical Committee of Poznan University of Medical Sci-
ences approved this study as protocol no 791/15. All the
subjects gave written informed consent. All the procedures
used in this study were in accordance with the guidelines of
the Helsinki Declaration on Human Experimentations.

Anthropometric evaluation

Weight was measured on a calibrated standard scale with
the precision of 0.1 g and height with a cotton ruler. BMI
was calculated as weight (kg) to height squared (m?). Waist
circumference was evaluated above the iliac crest at the
natural waistline.”> Body fat was determined by bioelec-
trical impedance analysis (Bodystat 1500, Bodystat Ltd,
Douglas, UK).

Biochemical analysis

All selected participants underwent a biochemical and genetic
parameter measurement following an overnight fast (10-12
hours). Venous blood samples (10.0 mL) were collected into
tubes containing EDTA at 7:00 AM. The serum samples
were collected from clotted (15 min, room temperature)
and centrifuged (15 min, 3,000 x g) blood. TC, triglyceride
(TAG) and high-density lipoprotein (HDL) cholesterol were
analyzed by enzymatic colorimetric assays (Pentra400,
Horiba ABX, Montpellier, France). Serum LDL cholesterol
was determined according to the Friedewald formula: LDL
cholesterol = TC — (HDL + TAG/5).?* The atherogenic index
of plasma (AIP) was defined as Log (TAG/HDL [mmol]).%
Other atherogenic indices were calculated, such as TAG to
HDL and LDL to HDL ratios.?*?’

Genetic evaluation

A detailed description of the methodology was included in
our previous studies.* DNA samples from patients and con-
trols were isolated from peripheral blood lymphocytes with a
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GentraPuregene Blood Kit (Qiagen, Hilden, Germany). DNA
purity and concentration were confirmed using a NanoDrop
ND-1000 spectrophotometer.

We selected those single nucleotide polymorphisms
(SNPs) previously associated with CTDs. 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 sufficient statistical power. Altogether, two SNPs
in PPARgamma-2 gene (rs1801282, rs3856806) and one in
P3-AR gene (1s4994) were analyzed.

The SNPs were genotyped using predesigned TagMan®
SNP genotyping assays (Life Technologies, Carlsbad, CA,
USA; assay IDs: PPARgamma-2 [rs1801282: C_1129864_10]
and B3-AR gene [rs4994: C_2215549_20]). The PCR was
performed with HOT FIREPol Probe qPCR Mix Plus (no
ROX) according to the manufacturer’s instructions provided
by Solis BioDyne (Tartu, Estonia). The PCR thermal cycling
was as follows: initial denaturation at 95°C for 15 min; 40
cycles at 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, CA, USA). As
a quality control measure, negative controls and ~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 the case of C1431T (rs3856806) in PPARgamma-2
genes, the PCR-restriction fragment length polymorphism
method was applied. The 170 bp PCR product of exon 6
was digested with the Eco72l enzyme (according to the
manufacturer’s instructions: Fermentas, Vilnius, Lithuania).
Digestion products were separated by 2.5% agarose gel
electrophoresis. For 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).

Statistical analysis

Each group was then divided into two subgroups according
to genotype (Prol12Pro and Pro/Ala+Ala/Ala for Prol12Ala);
(C1431C and CT+TT for C1431T); (Trp64Trp and Trp/
Arg+Arg/Arg for Trp64Arg). GraphPad PRISM 5 Software
(GraphPad, San Diego, CA, USA) was used for statistical
calculations. Genotype data were tested for deviations from
the Hardy—Weinberg equilibrium. The chi-square test was
used to analyze the differences in genotype/allele frequencies
between CTD patients and the controls as well as between
normotensive and hypertensive patients. The strength of

associations between the PPARgamma-2 genotypes (Pro12Ala
and C1431T) among studied group and the ADRB3 gene
(Trp64Arg) was calculated using logistic regression and
expressed as an OR (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 reference category.

The distributions of the anthropometrical and biochemical
data were tested with the Shapiro—Wilk normality test.
If analyzed data were not normally distributed, nonparametric
tests were used. Since the number of Alal2Ala homozygotes
was small (in both CTD patients and the control group)
compared to Prol12Pro homozygotes, these were calculated
together with Prol2Ala heterozygotes for all the analyzes
and are presented as Alal2/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.

The Student’s #-test was used to compare continuous
variables between two groups if the data distribution was
concordant with the normal distribution (Shapiro—Wilk
test). If the data did not meet the aforementioned criteria, the
nonparametric Mann—Whitney U-test was used. For normally
distributed data, a multifactor analysis of variance analysis
was performed to determine whether the dependent variables
were significantly different between study and control groups
in relation to polymorphism and statin intake. Otherwise,
the nonparametric Kruskal-Wallis test was used. A P-value
less than 0.05 was regarded as statistically significant. The
statistical analyzes were performed with STATISTICA 12
(including STATISTICA Medical Package 2.0; StatSoft, Inc.
2014 software; StatSoft Polska Sp.zo.o., Krakow, Poland)
and SPSS 22 (IBM, Inc, Chicago, IL, USA). Associations
between analyzed groups (CTD, control group) lipid fractions,
polymorphisms, statin and steroids intake were studied by log-
linear analysis with maximum likelihood chi-square test.

Results

The prevalence of analyzed genotypes and allele frequen-
cies were comparable in CTD patients and control group
(Table 1). The analysis in Table 2 shows that patients with
CTD have lower body fat content and LDL level, higher
TAG, TAG/HDL ratio and used higher average doses of
statin (Table 2A). The analysis of statin treatment (inde-
pendent of CTD presence) reveals that patients with statin
supplementation were older and characterized by higher TAG
and TAG/HDL ratios (Table 2B). The comparison of subjects
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Table | Genotype and allele frequencies of the Prol2Ala, C1431/X PPARgamma-2 and Trp64Arg ADRS3 polymorphism according to
the presence of CTDs and statin treatment

Gene SNP ID Frequency (%) Logistic regression analysis
PPARgamma-2 Prol2Ala CTD Controls OR (95% CI) P-value
(N=103) (N=103)
Genotypes
CcC Prol2Pro 75 (72.8) 69 (67) I
CG Prol2Ala 23 (22.3) 31 (30.1) 0.6826 (0.3632—1.283) 0.2342
GG Alal2Ala 5(4.9) 3(29) 1.533 (0.3531-6.659) 0.5657
CG+GG 28 (27.2) 34 (33) 0.7576 (0.4168-1.377) 0.3621
Alleles
C Pro 173 (84) 169 (82) I
G Ala 33 (l6) 37 (18) 0.8713 (0.5205-1.458) 0.5998
Prol2Ala Statin intake Without statin OR (95% CI) P-value
(N =39) (N=167)
Genotypes
CcC Prol2Pro 28 (71.8) 115 (69) I
CG Prol2Ala 9 (23) 47 (28) 0.7865 (0.3449-1.793) 0.5672
GG Alal2Ala 2(5.2) 5(3) 1.643 (0.3027-8.916) 0.5615
CG+GG I1(282) 52 (31) 0.8688 (0.4020-1.878) 0.7204
Alleles
@ Pro 65 (83) 277 (83) I
G Ala 13 (17) 57 (17) 0.9719 (0.5022-1.881) 0.9326
PPARgamma-2 Cl431T CTD Controls OR (95% CI) P-value
(N=103) (N=103)
Genotypes
CcC Cl431C 78 (75.7) 68 (66) I
CcT Cl431T 23 (22.3) 32 (31.1) 0.6266 (0.3348-1.173) 0.1423
TT TI431T 2 (2) 3(29) 0.5812 (0.0942-3.583) 0.5543
CT+TT 25 (24.3) 34 (33) 0.6410 (0.3482-1.180) 0.1519
Alleles
C Cl431 179 (86.9) 168 (81.6) I
T T1431 27 (13.1) 38 (184) 0.6669 (0.3900-1.140) 0.1371
Cl43IT Statin intake Without statin OR (95% CI) P-value
(N =39) (N=167)
Genotypes
CcC Cl431C 28 (72) 118 (71) I
CcT Cl431T I'1(28) 44 (26) 1.054 (0.4835-2.296) 0.8955
TT TI431T 0 5(3) - -
CT+TT I'1(28) 49 (29) 0.9461 (0.4367-2.050) 0.8882
Alleles
C Cl431 67 (86) 280 (84) I
T T1431 I (14) 54 (16) 0.8513 (0.4222-1.716) 0.6524
ADRB3 Trpb64Arg CTD Controls OR (95% CI) P-value
(N=103) (N=103)
Genotypes
TT Trp64Trp 85 (82.5) 92 (89.3) I
TC Trp64Arg 18 (17.5) I1(10.7) 1.771 (0.7909-3.966) 0.1608
CcC Arg64Arg 0 0 - -
Alleles
T Trp64Trp 188 (91.3) 195 (94.7) I
C Arg64Arg 18 (8.7) I1(5.3) 1.697 (0.7807-3.690) 0.1776
(Continued)
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Table | (Continued)

Gene SNP ID Frequency (%) Logistic regression analysis
ADRB3 Trp64Arg Statin intake Without statin OR (95% CI) P-value
(N =39) (N=167)
Genotypes
TT Trpé4Trp 36 (92) 142 (85) I
TC Trpé4Arg 3(8) 25 (15) 0.4733 (0.1353-1.656) 0.2324
CcC Argb64Arg 0 0 - -
Alleles
T Trpé4Trp 75 (96) 309 (93) I
C Argb4Arg 3(4) 25 (7) 0.4944 (0.1454-1.682) 0.2503

Note: There was no statistically significant difference between groups (P>0.05), by chi-square test.

Abbreviations: CTD, connective tissue disease; SNP, single nucleotide polymorphism.

who were not on lipid-lowering treatment revealed that CTD
patients were younger, had lower body fat mass and higher
TAG and TAG/HDL (Table 2C).

The genetic analysis presented in Table 3 shows that
patients with CTD and Pro12Pro or C14131C or Trp64Arg
genotypes have higher TAG level and TAG/HDL ratios
compared to the control group (Table 3A). Similar asso-
ciations between the analyzed genotypes were observed in
CTD patients and these showed higher TAG and TAG/HDL
ratios in patients using statins when compared to subjects

To study the interactions between analyzed parameters,
the log-linear analysis was used and two models were built.
In the first model, the interaction between analyzed group
(CTD, control), Trp64Trp polymorphism and parameters of
lipid profile were tested (maximum-likelihood chi-square
test = 0.00209). In the second model, extra variable (statin)
was added. Statin increased the influence of HDL on the
significance of this model (maximum-likelihood chi-square
test = 0.00001). Such relations were not observed if other
polymorphisms were analyzed.

without such treatment (Table 3B). The multifactor analysis
Discussion
Cardiovascular risk increases in CTDs and this is associated

of co-existing polymorphisms showed that if the Pro12Pro
and C1431C genotypes were present in CTD, the TAG and
TAG/HDL ratios were mainly determined by the Trp64Arg
variant (Table 3C).

with auto-antibody production, cytokine synthesis, oxidative
stress and dyslipidemia state.?? Patients with rheumatoid

Table 2 Comparison of anthropometric and lipid profile parameters in CTD and control groups with and without statin treatment

Analyzed 2A CTD vs control group 2B Statin treatment 2C Without statin
parameters CTD Control P-value Without statin Statin intake P-value CTD Control P-value

n=103 n=103 n=167 n=39 n=74 n=93

X +SD X +SD X +SD X +SD X +SD X +SD
Age (years) 5373+ 1588 56.00+391 0.1600 5330+ 11.27 61.56+10.62 0.00001 49.97 +15.80 55.95+3.89 0.0006
Height (cm) 165.79 + 9.61 164.40 +5.25 0.2005  165.27 +7.40 164.32 £9.20 0.4911 166.18+9.29 164.55+5.41 0.1577
Body mass (kg) 69.77 £ 14.13 7196+ 12.02 02327 70.46 + 13.31 7259+ 1238 03642 68.71 £ 1452 7186+ 12.16 0.1294
WC (cm) 87.77 £ 15.67 86.14+ 1242 0.4087 86.42+ 14.74 8926+ 11.00 02599 8690+ 1731 86.04+ 12.41 0.7089
Body fat (%) 3398+ 12.11 39.05+6.54 0.0002 36.75+10.14 3551 £9.65 04901 3420+ 1292 3877 +6.61 0.0035
CH (mmol/L) 559+1.48 589+1.03 00953 5.80+1.28 551 +1.28 02030 5.68+1.50 589+1.07 03119
HDL (mmol/L) 1.60 £0.76 1.71 £0.48 0.2257 1.67£06I 1.59 £0.72 0.4556 1.61 £0.73 1.72+0.50 0.2766
TAG (mmol/L) 1.74£1.13 1.33+£0.63 0.0015 1.40+0.8I 210+ 1.22 0.00001 1.56 = 1.00 128+0.59  0.0243
LDL (mmol/L) 327+1.23 358+096 0.0470 3.49+1.09 3.13£1.20 0.0660 337+1.20 359+099 0.2076
LDL/HDL 232+ 1.17 224+082 05612 229+0.98 224+ 1.10 07946 234+ 1.15 224+084 0.5062
TAG/HDL 134+139 085+050 0.0010 0.97+0.82 .64+ 1.71 0.0004 1.16+1.08 082+048 0.0070
AIP -0.002+0.31 —0.14+0.24 0.0007 -0.11+0.27 0.09 £0.30 0.00008 -0.05+029 -0.15+£024 0.0131
GCS (mg/day)* 3779 £41.19 - - 42.53 +42.56 25.69+£3529 0.0617 4253 +42.56 — -
Statin intake (mg/day)® 83.53 £35.29 16.00+9.66 0.00001 — 33.08 +36.84 — 101.00 - -

Notes: Values are expressed as mean (SD); values in bold are statistically significant. *GCS, calculated as mg/day of methylprednisolone; “statin intake, calculated as dose of
atorvastatin mg/day.

Abbreviations: CTD, connective tissue disease; WC, waist circumference; CH, total cholesterol; HDL, high-density lipoproteins; TAG, triglycerides; LDL, low-density
lipoproteins; AlP, atherogenic index of plasma.
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Table 3 Multifactor analysis of PPARgamma-2 and ADRB3
polymorphisms in CTD patients and control group in the context
of statin treatment

3A Patients without statin treatment

Polymorphism Analyzed Groups n X=*SD P-value
parameters
Prol2Pro TAG CTD 52 1.64+1.13 0.0113
(mmol/L) Control 63 1.21 £0.52
TAG/HDL CTD 52 1.28+1.24 0.0093
Control 63 0.77£0.43
Cl431C TAG CTD 56 1.68+1.08 0.0199
(mmol/L) Control 62 1.29+0.53
TAG/HDL CTD 56 1.29+1.19 0.0175
Control 62 0.83 048
Trpé4Trp TAG CTD 59 1.66+1.08 0.0105
(mmol/L) Control 83 1.27+0.61
TAG/HDL CTD 59 125+ 1.17 0.0130
Control 83 0.81 £0.49
3B Patients with CTD n=103
Polymorphism Analyzed Statin n XztSD P-value
parameters
Prol2Pro TAG No 52 1.65+1.13 0.0085
(mmol/L) Yes 22 225+ 1.26
TAG/HDL No 52 129+ 125 0.0200
Yes 22 1.90£2.12
Cl431C TAG No 56 1.68+1.08 0.0203
(mmol/L) Yes 22 220+ 1.26
TAG/HDL No 56 129+1.19 0.0323
Yes 22 1.85+2.12
Trpé4Trp TAG No 59 1.66+1.08 0.0064
(mmol/L) Yes 27 223+ 1.37
TAG/HDL No 59 126+1.17 0.0147
Yes 27 1.85+2.0I
3C Patients with CTD
Analyzed n TAG P-value
polymorphisms (mmol/L)
Prol2Pro Cl431C Trp64Arg |5 126 £042 0.0244
Prol2Pro Cl431C Trp64Trp 56 1.99+1.28
n TAG/HDL
Prol2Pro Cl431C Trpé4Arg 15 0.83+0.41 0.0422
Prol2Pro Cl431C Trp64Trp 56 1.65+1.73

Notes: Values are expressed as mean (SD); values in bold are statistically significant.
Abbreviations: CTD, connective tissue disease; TAG, triglycerides; HDL, high-
density lipoprotein.

arthritis have up to 50% increased cardiovascular morbidity
and mortality compared to the general population.** Cardio-
vascular diseases are the leading cause of death not only in
rheumatoid arthritis but also in other CTDs.’3! Moreover,
the lipid paradox is described during CTD as a paradoxical
inversion of the relationship between cardiovascular risk and
lipid levels in patients with untreated rheumatic arthritis.*
Since PPARgamma-2 is an important regulator of lipid
homeostasis and inflammation, it is therefore suspected to

affect the development of CTD and related cardiovascular
disorders.® However, the exact role of PPARgamma-2
and ADRB3 genes in CTD and the prevalence of selected
polymorphisms is not well known. Thus, in this study, we
intended to elucidate its genetic role in lipid disorders, which
affects the cardiovascular risk during CTD.

In our study, we did not find any differences in genotypes/
alleles prevalence between CTD and control group (Table 1).
Similar data were observed in a Korean population,’ whereas
a higher prevalence of Prol12Ala genotype with rheumatoid
arthritis was described in patients from Pakistan.® An inflam-
matory status present in chronic diseases is related to lower
fat mass, and such changes were also present in the analyzed
CTD patients (Table 2A).3*3* Inflammation during CTD is
linked to accelerated atherosclerosis and is associated with
qualitative as well as quantitative changes in lipoproteins.*
Similarly, in this study, lipoproteins were elevated and
patients with CTD were characterized by mixed dyslipi-
demia (CH > 5.0 mmol/L, LDL > 3.0 mmol/L and TG >
1.7 mmol/L), whereas the control group was characterized
by hypercholesterolemia (increased CH and LDL).2%%
The prevalence of dyslipidemia varies in CTD from 20%
(hypercholesterolemia in rheumatoid arthritis), through 28%
of hypertriglyceridemia in rheumatoid arthritis* to 36% of
patients with systemic lupus erythematosus at diagnosis to
60% after 3 years of the duration of this disease.’” In this
study, the prevalence of lipid disorders is comparable if
we consider the amount of patients using statins (29%);
however, the values of selected fractions of the lipid profile
in CTD subjects have still been higher than recommended
norms, which indicates a higher occurrence of dyslipidemia
in this group.?**

The comparison of two groups based only on statin treat-
ment (independent of CTD presence) showed that patients
with statin supplementation were older (Table 2B). This cor-
responded to the fact that the risk of dyslipidemia increases
with age.*®** The levels of CH and LDL were higher than
the recommended norm in groups with and without statin
intake (CH > 5.0 mmol/L and LDL > 3.0 mmol/L). More-
over, higher TAG (> 1.7 mmol/L) and TAG/HDL ratios
were observed in the group with statin intake. Statins first
have a good effect in lowering the LDL fraction*>*! and are
implemented if hypercholesterolemia is diagnosed.**** For
example, the implementation of atorvastatin or rosuvastatin at
adose of 10 mg/day during 6 weeks diminishes the LDL level
by about 36.8% and 45.8%, respectively, and the hypolipemic
effect is potentiated with increasing doses.* Statins also
decrease TAG levels (eg, atorvastatin at a dose of 10 mg/day
by about 20% while rosuvastatin at 10 mg about 19.8%).*!
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Supplementation of statins reduces not only cardiovascular
risk but also some studies even show that they may lower
CTD risk.*? But these medications are also capable of induc-
ing or exacerbating symptoms of rheumatic diseases.*

The comparison of groups without statin intake (Table 2C)
showed that CTD patients were younger and had higher
TAG and TAG/HDL ratios. Many studies have revealed
that dyslipidemia is associated with a variety of inflamma-
tory arthritis such as gout, migratory polyarthritis, early
arthritis, rheumatoid arthritis as well as systemic diseases
such as systemic lupus erythematosus or vasculitis, 8374443
However, exacerbated inflammatory state is also related to
increased levels of lipid fractions.**¢ For example, in rheu-
matoid arthritis, inflammation alters HDL constituents and
the concentration of LDL and HDL. As a result, an increased
development of atherosclerosis and cardiovascular disorders
is observed. On the other hand, exacerbated inflammatory
processes present in many CTD induce atherosclerosis.? Con-
sidering this fact, as systemic inflammation is a background
of symptoms in CTD, it can be a prominent contributor to
lipid profile changes.*” However, lipid disorders can also
modulate inflammation, eg, hypercholesterolemia, directly
stimulates inflammation by increasing circulating inflam-
matory cells.*®# In this study, levels of CH and LDL higher
than the recommended norms were observed in all subjects
without lipid-lowering treatment (Table 2C), which indicates
a tendency to hypercholesterolemia in this group. Since the
levels of CH and LDL were slightly elevated, a new dietary
regimen should be implemented in this group as a first step
in lipid disorder treatment.?

In recent years, various markers of atherosclerosis and
cardiovascular disorders have started to gain importance.?
One of these is the AIP, which predicts the risk of athero-
sclerosis and coronary heart disease.’>! An AIP value of
under 0.11 is associated with low risk of cardiovascular
diseases, whereas a value higher than 0.21 is associated
with increased risk of cardiovascular diseases (the values
between 0.11 and 0.21 reflect intermediate risk).?>*%3 In our
study and independent of the analyzed group in Table 2, the
AIP was low, similar to the situation in other atherogenic
indices used in the assessment of coronary heart disease risk
(LDL/HDL < 3 and TAG/HDL < 5).26%

Not only statin intake influences the lipid profile’*>
but also genetic background plays a role in dyslipidemia
development. Moreover, numerous studies have suggested
that PPARgamma-2 gene is activated by statins such as
atorvastatin'’ or simvastatin.*® The first analysis, presented in
Table 3A, compares CTD patients with control groups and
both groups are without statin treatment, which could affect

the PPARgamma-2 activity. CTD subjects with Pro12Pro or
C14131C or Trp64Trp variants have higher TAG levels and
TAG/HDL compared to the control group. These data show
that such constellations of genotypes can influence the ten-
dency to higher TAG levels in CTD. A similar tendency was
observed in patients using statins (Table 3B). Studies describ-
ing the association between the analyzed polymorphism in
CTD are very scarce. In the general population, the Alal2 allele
is related to better lipid profile (higher HDL level and lower
TAG and LDL level) when compared to the 12Pro allele.®
There are few studies analyzing the effects of the C1431T or
Trp64Arg polymorphisms and most of these do not find signifi-
cant associations between this gene variants and lipid-related
variables in the general population.'®!%155738 [n this study, we
showed that the presence of Pro12Pro, C14131C or Trp64Trp
genotypes is related to lipid disorders in CTD.

Multifactor analyzes of three polymorphisms in CTD
patients (Table 3C) revealed that the higher TAG and
TAG/HDLs were mainly determined by the presence of the
Trp64Trp genotype. In this study, the log-linear analysis of
Trp64Trp polymorphism and lipid parameters showed that
adding statin to the second model increased the influence of
HDL on the significance of this model. In the literature, data
on the ADRB3 gene mutation effect on lipid metabolism are
inconsistent and heterogeneous.'*"'* Some studies do not find
any correlation between Arg64 allele and serum lipids,'*!3
whereas others show associations with hypertriglyceridemia
and increased LDL level.'” Recently published data in
hypertensive subjects show a relationship between Trp64Arg
genotype and higher BMI and TC level'® and decreased HDL
level.” Since TAG concentration exceeded the recommended
1.7 mmol/L in patients with Trp64Trp genotype, we conclude
that the presence of this variant determines the tendency to
hypertriglyceridemia.

Conclusion

Patients with CTD were characterized by mixed dyslipi-
demia, whereas the control group demonstrated hypercho-
lesterolemia. This shows the common tendency to lipid
disorders in rheumatic patients and the general population,
which increased with age. The analysis of lipoproteins in
patients without statin therapy showed hypercholesterolemia
in both groups; however, even though the values of TAG and
TAG/HDL were within the recommended range, they were
higher in CTD patients. This fact suggests a certain propen-
sity to higher TAG levels in CTD patients, when compared
to the general population. As the lipoproteins fractions were
slightly elevated in the analyzed groups, dietary intervention
is needed.
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Although the frequency of analyzed alleles and genotypes
did not differ between CTD subjects and the control group,
the CTD patients with Pro12Pro, C14131C or Trp64Trp
variants tended to hypertriglyceridemia, which increases
mainly if Trp64Trp genotype is present. Further research is
needed to understand fully the changes in lipid profiles in
the context of the present polymorphisms. Nevertheless, the
tendency to hypertriglyceridemia in CTD is present, which
increases with the constellation of Pro12Pro, C1431C and
Trp64Trp genotypes. Analysis of the discussed polymorphic
variants can help in metabolic risk evaluation in CTD.

Study strengths and limitations

This is the first study showing the relations between lipid disor-
ders in CTD in the context of PPARgamma-2 and ADRB3 gene
polymorphisms. However, the present study had some limita-
tions. First, the case—control nature of the study lacks infor-
mation about the causal relationship between variables. This
needs to be elucidated in future prospective studies. Second,
the groups of CTD patients and controls should be enlarged to
find more detailed information about the relationships between
lipid disorders, specific CTD and analyzed polymorphisms.
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