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BACKGROUND: The prevalence of rheumatoid arthritis (RA) is 1% in the global population. The lack of
epidemiological studies in developing countries makes it difficult to obtain a complete global epidemiological picture
of RA. RA develops due to the interaction of multiple genetic and environmental factors, though the contribution of
these factors to the various disease occurrence seen in different populations is unclear.

AIM: The aim of our study was to analyze the dynamics of the general prevalence and incidence of RA among
the population of Kazakhstan in 2017-2019 as well as to investigate the three most common single-nucleotide
polymorphisms (SNP) of RA in the Kazakhstan population.

METHODS: The analysis of statistical data on Form 12 “On the health of the people and the health care system” was
carried out. Prevalence and incidence rates were calculated according to generally accepted rules. Demographic
data for the Republic of Kazakhstan were obtained from the official website stat.gov.kz. Our study included 70 RA
patients and 113 control subjects. Blood samples were collected and genotyped for peptidylarginine deiminase 4
(PADI4), protein tyrosine phosphatase 22, and human leukocyte antigen (HLA)-DRB9 SNPs by reverse transcription
polymerase chain reaction.

RESULTS: The prevalence of RA in Kazakhstan in 2017-2019 was 0.36—-0.38%, with an incidence rate of 0.085—
0.087%, which can be comparable to data of other countries in Central Asia. The allele and genotypes frequency
analyses were carried out between patients and controls. The HLA-DRB9 showed significant association of the G
allele odds ratio (OR) 1.96 (95% confidence interval [Cl]: 1.252-3.081), p= 0.0025 and G/G genotype OR = 3.67 (95%
Cl: 1.58-8.54), p = 0.00162 with RA in our sample. Strong association between anti-citrullinated protein antibody
(ACPA) profile and PADI4 (OR 12.19 [95% CI: 2.19-67.94], p = 0.00115) was found.
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Introduction

Worldwide, autoimmune diseases are the
third most diagnosed medical condition after oncology
and cardiology [1]. The same situation is true in
Kazakhstan [2] where over a million Kazakhstan
citizens suffer from autoimmune diseases.

Accordingtothelatestdata, theoverallprevalence
of rheumatoid arthritis (RA) varies from 0.24-0.5% to up
to 1% in the global population [3], [4], [5], [6], making
it one of the most common autoimmune rheumatic

CONCLUSION: There was an increase in RA prevalence with age among females and a higher crude prevalence
and incidence of RA in the southern regions of Kazakhstan. HLA-DRB9 prevailed in Kazakhstani patients with RA,
PADI4 showed association with ACPA-positive RA. Further studies on larger samples are required to confirm our

diseases [7], [8], [9], [10], [11]. Women are 3-5 times
more likely to be affected by this disease than men, and
the initial symptoms of the disease can occur anywhere
between 25 and 60 years of age [12], [13], [14].
Without timely diagnosis and treatment, this disease
leads to progressive joint destruction, ankylosis, or
sometimes death due to complications, and 40-70% of
patients lose their ability to work while still of working
age [15], [16], [17], [18].

Data from population studies indicate that
there are 25-50 new cases of RA per 100,000 people
in the world [7], [16]. The rate of premature death is
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significantly higher in patients with RA compared to the
general population, causing significant reductions in life
expectancy [9], [14], [17], [18].

Several epidemiological studies on RA have
been performed, presenting a considerable variation in
disease occurrence among different populations. Some
ethnic and racial groups demonstrate an increased
incidence of this disease compared to others [14], [19].
The highest incidence of RA 5.3% has been observed
among North American Pima Indians and 6.8%
among Southeast Alaska Indians [6], [20], while no RA
cases have previously been reported among the rural
population of Nigeria [21], [22] and the Aborigines of
Australia [13].

According to some authors, there is a lower
prevalence of RA in developing countries. Rudan et al.
presented data indicating a prevalence of RA in low- or
middle-income countries in Southeast Asia of 0.40%,
in East Europe of 0.37%, in Europe of 0.62%, in the
Americas of 1.25%, and in the West Pacific region
of 0.42% [23]. The small number of epidemiological
studies for most regions of the world and the lack of such
studies in developing countries make it challenging to
obtain a complete global epidemiological picture of RA.

According to data for 2013-2017, the total
incidence of RA among the adult population in the
Republic of Kazakhstan was 376.7 per 100,000
population, with a rise in prevalence of 69.1% [2].

While there are epidemiological trends in RA
thatis dependent on ethnicity and geographical location,
the level of the risk is variable. RA is a genetic disorder
that develops due to the interaction between multiple
genetic, environmental, and lifestyle factors, and the
mechanism of implication of these factors among
different populations is not understood. The key role of
more than 1000 genes in RA development has been
conferred in several genome-wide association studies
in major ancestries, though the ability of these results
to be extrapolated to other populations is unclear. Along
with the human major histocompatibility complex (MHC)
human leukocyte antigens (HLAs) genes Class Il genes,
the strongest association was determined with non-HLA
genes, the most widely being studied and discussed
are the protein tyrosine phosphatase non-receptor
type 22 (protein tyrosine phosphatase 22 [PTPN22])
and peptidyl arginine deiminase 4 (PADI4), which are
effecting by amino acids change and contributing to
worse RA prognosis [24], [25], [26], [27].

With these outstanding questions in mind,
we initiated a study of the epidemiology of RA in the
Republic of Kazakhstan for 2017—-2019. This is the RA
first prevalence study in Central Asia in general. The
aim of this study was to analyze the dynamics of the
prevalence and newly detected incidence of RA among
the population of the Republic of Kazakhstan in 2017—
2019, as well as to investigate the prevalence of the
three most studied MHC HLA genes in other populations

with RA: PADI4, PTPN22, and MHC, Class II, DR beta
9 (HLA-DRBY).

Materials and Methods

Epidemiological analysis

An analysis of statistical data on Form 12 for
collecting administrative data provided in accordance
with the Code of the Republic of Kazakhstan “On the
Health of the Nation and the Health care system”
in the form of a report on the number of diseases
registered in patients, living in the area of the medical
organization service and the contingents of patients
who are under dispensary supervision was carried
out [28]. Prevalence and incidence were calculated
according to the generally accepted rule that the
number of registered cases of RA or number of
1% time reported cases of RA during the reporting
period be divided by the average population and
multiplied by 100,000. Demographic data for the
Republic of Kazakhstan were obtained from the official
website of Agency for Strategic planning and reform
of the Republic of Kazakhstan Bureau of National
statistics [29]. Standardized indicators were calculated
using the direct standardization method. 95% CI was
calculated using the Clopper—Pearson method. The
data for 2017 were used as a standard.

Patients and controls

The study sample comprised 70 female
patients recruited in Nur-Sultan with an established
diagnosis of RA and a disease duration of more than
1 year. Disease activity was evaluated with the Disease
Activity Score in 28 Joints (DAS28) [30] and functional
disability was assessed by the Health Assessment
Questionnaire (HAQ) [31]. Inflammatory activity was
evaluated using erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP). The X-ray stage was
set on the basis of X-ray images for the past year.
Functional status stratified according to ability to perform
usual activities of daily living (self-care, professional,
and non-professional). A control group of 113 healthy
female subjects with no individual or familial history of
autoimmune diseases was included in the study. The
study was performed in accordance with the rules and
principles of the Helsinki Declaration; informed consent
was obtained from all participants in the patient and
control groups. Blood samples were collected from
all participants in compliance with infection safety
measures. Anti-citrullinated protein antibody (ACPA)
and rheumatoid factor (RF) were measured with a
second-generation enzyme-linked immunosorbent
assay (ELISA).
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Single-nucleotide polymorphism (SNP)
analysis

Genomic DNA was extracted from the collected
whole blood of RA patients and healthy subjects to
the test tubes with ethylenediaminetetraacetic acid
(EDTA-ACID). The DNA isolation was performed using
the Promega Wizard Genomic DNA Purification Kit
designed for isolation of DNA from white blood cells
(Promega Corporation 2800 Woods Hollow Road
Madison, WI 53711-5399 USA) according to the
manufacturer’s standard protocol. All DNA were stored
at —20°C until tested. The samples were genotyped for
the HLA-DRB9 rs9268839, PTPN22 rs2476601, and
PADI4 rs2240340 variants, by real-time polymerase
chain reaction (RT-PCR) using TagMan technology
according to the manufacturer’s instructions (Applied
Biosystems 7500, Foster City, CA).

Statistical analysis

Descriptive  statistics  were  conducted
according to generally accepted standards using
the IBM SPSS Statistics 26 software program
(IBM, USA; 1). Comparison of genotype distribution
and allele frequency between RA patients and healthy
controls was evaluated by the Chi-square test, using an
odds ratio (OR) and 95% confidence interval (95% CI).
Correlation of the associated SNP with autoantibody
status among RA cases was performed with the Chi-
square test. Patient and control genotype frequencies
did not deviate from Hardy—Weinberg equilibrium. The
comparison of clinical and laboratory parameters with
the different genotypes was performed using a t-test and
Chi-square test with Yate’s correction when necessary.
p = 0.05 was considered statistically significant.

Results

Epidemiological trends of RA in
Kazakhstan

The absolute number of the Kazakhstan
population (i.e., the population denominator) increased
during the study period. The number of patients with
RA showed the same overall trend, though the crude
prevalence and crude incidence rates demonstrated
a downward trend in 2018, as shown in Table 1. The
average prevalence of RA in Kazakhstan in 2017-2019
was 0.36-0.38%, and the incidence was 0.085-0.087%
(Table 1).

The highest rates of RA were observed in the
age group of 60 years and older followed by the age
group of 18-59 years. It should be noted that the largest
proportion of the population of the Republic of Kazakhstan
is in the 18-59 age group (Supplementary Table 1).

Table 1: Prevalence and incidence of RA in the Republic of
Kazakhstan in 2017-2019

Prevalence

Year Number of  Population Crude Crude Standardized rate
reported RA estimate, per percentage (95% Cl)t
cases 100,000 (%)
2017 68,618 18,157,337 377.9 0.38 376.4 (373.6-379.2)
2018 66,647 18,395,567 362.2 0.36 374.5(371.7-377.3)
2019 71,266 18,631,779 382.5 0.38 382.8 (379.9-385.6)
Incidence
Year Number Population Crude Crude Standardized rate
of new RA estimate, per percentage (95% Cl)t
cases 100,000 (%)
2017 15,386 18,157,337 84.7 0.085 84.7 (83.4-86.1)
2018 15,498 18,395,567 84.2 0.084 84.3 (82.9-85.6)
2019 16,146 18,631,779 86.7 0.087 86.7 (85.4-88.1)

In the age group of 60 years and older, there
was a significant increase in RA among males during
the study period, though females continued to have a
higher prevalence, with a female-to-male ratio in 2019
of 1.3:1. In the age group of 18-59, RA prevailed in
females, with a female-to-male ratio of 3:1.In 2018, there
was a decrease in RA prevalence in both females and
males in the 18-59 age category, though in 2019, the
prevalence of RA increased across the adult population
of the Republic of Kazakhstan (Supplementary Table 1).

An increase in the absolute number of RA
cases among females of all ages was noted from
2017 to 2019, though there was a decrease in crude
prevalence and crude incidence in females in 2018
(Table 2).

Table 2: Prevalence and incidence of RA in 2017-2019
according to gender

Prevalence among females Incidence among females
Year Number Population Crude Crude Number Population Crude Crude
of RA estimate % of new estimate %

cases per 100,000 RA cases per
100,000
2017 53,455 9,366,039 571 0.57 11,417 9,366,039 1219 0.122
2018 51,846 9,482,371 547 0.55 11,468 9,482,371 1209 0.121
2019 54,275 9,597,645 566 0.57 11,860 9,597,645 123.6  0.124

Prevalence among males Incidence among males
Year Number Population Crude Crude Number Population Crude Crude
of RA estimate % of new estimate %

cases per RA cases per
100,000 100,000
2017 15,163 8,791,298 1725 0.173 3969 8,791,298 45.1 0.045
2018 14,801 8,913,196 166.1 0.167 4030 8,913,196 45.2 0.045
2019 16,991 9,034,134 188.1 0.188 4286 9,034,134 47.4 0.047

The prevalence of RAamong males decreased
in 2018 to 0.17% of the population, then increased in
2019 to account for 0.19% of the population (Table 2).
While the incidence among males increased over the
analyzed period, on average, the female-to-male ratio
of RA prevalence was 3:1.

When the prevalence and incidence of RA
were analyzed by geographical region, the largest
number of registered cases of RA was noted,
including among females, in the Shymkent region.
The smallest number of cases was reported in the
Atyrau region. A definitive increase in reported cases
was observed in the Akmola region during the study
period, while in the Pavlodar and North Kazakhstan
regions, there was a slight decrease in RA cases
during the study period (Figure 1). There was a higher
prevalence of RA in the southern regions of the
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Figure 1: Prevalence and incidence rate of RA by region in Kazakhstan in 2017-2019

country compared to the northern regions. In terms of
incidence, Shymkent also had the highest proportion,
and the lowest proportion of incidence was noted in
the Karaganda region (Figure 1 and Supplementary
Tables 2 and 3).

Clinical characteristics of patients with RA

70 female patients with RA diagnosis were
included in the main group of the study. Stratifying the
sample according to disease type, 74.2% (n = 52) of
the women under the study were seropositive, while
25.8% (n = 18) were seronegative. The 51.4% (n = 36)
had ACPA-positive and 48.6% (n = 34) ACPA-negative
variant of the disease. All clinical and biological
characteristics of patients included in this study are
summarized in Table 3.

The control group consisted of 113 matched
healthy female subjects with the mean age of 39 (Q1-
Q3: 35-47.5) with no individual or familial history of
autoimmune diseases. Informed consent was obtained
from all patients and healthy subjects; the study was
performed in accordance with the rules and principles
of the Helsinki Declaration.

Table 3: Characteristic of patients with RA included in the study

Parameters Number of patients (n = 70)

Mean age (years)
Age of RA onset
Disease duration (years)

47 (Q1-Q3: 39-51)
34.5 (Q1-Q3: 26-43)
6 (Q1-Q3: 3-12)

DAS28 score 4.6 +1.5(95% Cl: 4.4-5.1)
HAQ score 0.9+0.7 (95% Cl: 0.8-1.2)
RF (IU/mL) 52.1 (Q1-Q3: 14.4-115.1)
ACPA(U/mL) 33.4 (Q1-Q3: 0.5-163.3)
CRP (mg/l) 4.1(Q1-Q3:0.9-7.7)
ESR (mm/h) 23.5 (Q1-Q3: 14-46)
RF positive (%) 52 (74.2%)
ACPA positive (%) 36 (51.4%)
Smokers 3 (4.2%)
X-ray stage

| 14 (20%)

1l 30 (42.8%)

1} 16 (22.8%)

\% 10 (14.2%)
Functional status

| 19 (27.1%)

] 42 (60%)

1 8 (11.4%)

\Y 1(1.4%)
Disease activity

High 27 (38.5%)

Moderate 32 (45.7%)

Low 6 (8.5%)

Remission 5(7.1%)

Genetic factors

A comparative analysis of individual allele
and genotype frequencies between RA patients and
control group was carried out. The allele distributions
of HLA-DRB9, PTPN22, and PADI4 polymorphisms are
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presented in Table 4. According to the data presented in
this table, G allele of HLA-DRB9 rs9268839 significantly
prevailed in RA group compared to the control group,
accounting for 57.9% and 41.2% of RA patients and
controls, respectively (p = 0.0025; Table 4).

Table 4: HLA DRB9, PTPN22, and PADI4 allele distribution

SNP Allele  RA patients Control OR (95% Cl)  pvalue
(n=70), (abs. %) (n=113), (abs. %)
rs9268839* A 59 (42.1) 133 (58.8) 1.96 0.0025*
HLA-DRB9 G 81 (57.9) 93(41.2) (1.252-3.081)
rs2240340 C 74 (52.9) 140 (61.9) 1.45 0.102
PADI4 T 66 (47.1) 86 (38.1) (0.926-2.275)
rs2476601 G 129 (92.1) 212 (93.8) 129(0513-3.165) 0.531
PTPN22 A 11(7.9) 14 (6.2)

The frequencies of rs2240340 and rs2476601
alleles demonstrated no statistically significant
difference between the patient and the control groups
(p =0.102; p = 0.531; Table 4).

The genotype distributions of HLA-DRB9, PTPN22,
and PADI4 polymorphisms in RA patients and control groups
are demonstrated in separate tables with multiple models of
inheritance. The G/G genotype of rs9268839 HLA-DRB9
significantly prevailed in RA patients group compared to
control group by codominant OR = 3.67 (95% Cl 1.58—
8.54), p = 0.00162 and recessive model OR = 3.55 (95%
Cl 1.75-7.18), p = 0.00034 (Table 5). The log-additive model
also revealed significant differences in genotypes between the
RA patients and control groups OR = 1.92 (95% Cl 1.25-2.96),
p =0.00232 (Table 5).

Table 5: HLA-DRB9 genotype distribution

rs9268839 Genotypes  RApatients  Control OR (95% Cl) p value
HLA-DRB9 (n=70), (n=113),
(abs. %) (abs. %)
Dominant AA 16 (22.9) 37(327) 1 0.14773
A/G-GIG 54 (77.1) 76 (67.3) 1.64
(0.83-3.25)
Codominant AA 16 (22.9) 37(327) 1 0.00162*
AG- 27 (38.6) 59 (52.2)  1.06 (0.5-2.22)
GIG 27 (38.6) 17 (15) 3.67
(1.58-8.54)
Recessive AIA-AIG 43 (61.4) 96 (85) 1 0.00034*
GIG 27 (38.6) 17 (15) 355
(1.75-7.18)
Overdominant ~ A/A-G/G 43 (61.4) 54 (47.8) 1 0.07145
AG 27 (38.6) 59 (52.2) 0.57
(0.31-1.05)
Log-additive 0,1,2 70 (38.3) 13 (61.7) 1.92 0.00232*
(1.25-2.96)
The genotype frequencies of PADI4

polymorphism were 30% C/C, 45.7% C/T, and 17%
T/T in the RA patients group and 40.7% C/C, 42.5%
C/T, and 16.8% T/T in the control group (p > 0.05;
Supplementary Table 4).

The frequencies of the PTPN22 polymorphism were
84.3% G/G, 15.7% AIG, and 0% A/A in the RA patients
group and 88.5% G/G, 10.6% A/G, and 0.9% A/Ain the
control group (p > 0.05; Supplementary Table 5).

Theanalysisof PADI4and PTPN22genotypefrequencies
did not reveal any association with the disease by all
models of inheritance (p > 0.05 Supplementary Tables 4
and 5).

When compared to RF status stratification, no
significant association was seen between RF levels
and allele and genotype frequencies of all three SNPs
between patients with RF-positive and RF-negative RA
(Supplementary Table 6).

Table 6: Genotypic and allelic frequencies of PADI4, PTPN22,
and HLADRBY9 among patients with ACPA-positive and ACPA-
negative RA

SNP, genotypes, and alleles ACPA positive ACPA negative OR (95% Cl) p value
rs9268839 HLA-DRB9
GIG 17 (47.2%) 10 (29.4%) 1 0.24338
AIG 13 (36.1%) 14 (41.2%) 0.55
(0.18-1.62)
AA 6 (16.7%) 10 (29.4%) 0.35 (0.1-1.27)
G 47 (65.3%) 34 (50%) 0.534 0.0869
A 25 (34.7%) 34 (50%) (0.255-1.107)
rs2240340 PADI4*
C/IC 8 (22.2%) 13 (38.2%) 1 0.00115*
CIT 13 (36.1%) 19 (55.9%) 1.1
(0.36-3.44)
TIT 15 (41.7%) 2 (5.9%) 12.19
(2.19-67.94)
C 29 (40.3%) 45 (66.2%) 2.878 0.00244*
T 43 (59.7%) 23 (33.8%) (1.38-6.129)
rs2476601 PTPN22
GIG 30 (83.3%) 29 (85.3%) 1 0.82162
AIG 6 (16.7%) 5 (14.7%) 1.16
(0.32-4.22)
G 66 (91.7%) 63 (92.6%) 1.144 1
(0.275-4.994)

Analyzing the data according to ACPA status, a
strong association between ACPA profile and PADI4 was
detected (p < 0.05; Table 6). A strong association was
found between the PADI4 T allele and ACPA-positive
RA (OR =2.878 [95% CI 1.38-6.129], p = 0.00244). In
addition, a significant association was found between
the T/T genotype of PADI4 and ACPA-positive RA, which
accounted for 41.7% of patients with RA (OR = 12.19
[95% CI1 2.19-67.94], p = 0.00115).

No significant associations were found between the
demographic, clinical, and laboratory characteristics
of RA patients and PADI4, PTPN22, and HLA-DRB9
frequencies (data are not shown).

Discussion

In the current study, we identified the
epidemiological trends of RA in the Kazakhstan
population from 2017 to 2019, those can be applicable
to other countries in Central Asia. Our results showed
a prevalence of RA in Kazakhstan in 2017-2019 of
0.36%—0.38%. These findings can be compared to
data on worldwide RA prevalence rates. In European
countries, RA prevalence is 0.31% in France [32]
0.35% in Serbia [33], 0.33—0.41% in ltaly [34], 0.5% in
Spain [35], 0.56% in Turkey [36], 0.61% in Russia [37],
0.8% in Finland [23], 0.85% in England [38], and 0.9%
in Poland [22]. The RA prevalence rate in Canada is
0.9% [39], similar to Poland, and the prevalence rate
in the US is 0.54% [40]. The overall prevalence of RA
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in Africa is 0.36% [5], [23], with 0.13% in Algeria [41],
0.2% in Egypt, 0.9% in South Africa and Congo,
and 0.5% in Nigeria [42]. The RA prevalence in Asia
varies by country. The disease prevalence has been
calculated to be 0.142% in Pakistan [43], [44], 0.27% in
South Korea [45], 0.2% in China [13], [46], and 0.75% in
Japan [47] and India [13]. The prevalence results found
in our study are similar to those found in Africa as well
as certain European countries including France, Serbia,
and ltaly. According to our results, the incidence rate
of RA in Kazakhstan is 0.087%, which is close to the
incidence rate in Denmark of 0.078% [48] and 2 times
higher than the incidence in Sweden of 0.041% [49]
and in South Korea of 0.042% [45]. Regarding gender,
RA prevalence showed a female-to-male ratio of 3:1,
which coincides with global trends [6], [12], [13]. Our
results also showed an increase in RA prevalence and
incidence rates among women from 2017 to 2019,
which is consistent with the data of Myasoedova
et al. [19]. The results of our study indicated a higher
RA prevalence in the southern regions of the country
compared to the northern regions; this is in contrast
to European study results, which showed that South
European countries have a lower incidence of RA
compared to northern countries [7].

Several previous studies have reported on
the role of various genetic factors in RA development.
The strong association of RA with Class Il MHC/
HLA-DR has been shown in multiple studies [50],
[51]. The HLA-DRB1 is the most studied gene and
has been found to have a significant association with
RA disease severity. Other non-HLA genes may also
induce susceptibility to RA. Among non-HLA loci genes,
the PTPN22 and PADI4 are highly associated with RA
development [6], [50], [52]. In our study, we investigated
the distribution of HLA-DRB9 as a representative
of the MHC complex and PTPN22 and PADI4 as
representatives of non-HLA genes.

HLA DRB9 (pseudogene; cytogenetic region:
6p21.32), has been associated with RA [53]. HLA-
DRB9 rs9268839(G) was the variant most strongly
associated in Europeans with risk for RA in a genome-
wide association study of approximately 30,000 patients
(OR 2.47, CI: 2.39-2.55, p = 0.00001) [53]. This SNP
has been shown to confer a risk for RA development
mostly in the Caucasian population [54]. Our study
identified a significant predominance of G allele and
GG genotype of HLA-DRB9 rs9268839 in RA patients
group, which agrees with previous reports by Okada
et al. [54], [55], Newton et al. [56], Kampstra et al. [57],
and Nabi et al. [58].

PTPN22 is a widely distributed gene among RA
patients of European descent [59], [60]. This gene has
also been associated with the risk of other autoimmune
disorders. Several studies have documented the
correlation of this gene polymorphism with RF-positive,
ACPA-positive RA, and as a result, poor disease
prognosis [60], [61]. Our study did not find a significant

association between the PTPN22 polymorphism and
RA in our sample. This is consistent with the studies by
Sahin et al. in Turkey [62], Allam et al. in Algeria [26],
and Plant et al. in Crete, Greece [27]. The meta-analysis
by Nabi et al. indicated that this gene polymorphism
was associated with RA susceptibility in Caucasian
populations but not in the Asian population [58].

PADI4 is located on chromosome 1p36 and
encodes the enzymes responsible for the arginine to
citrulline conversion [10], which, in turn, promotes the
synthesis of ACPA. ACPA is known to be a culprit in
RA emergence, as these autoantibodies have been
found in the synovial fluid of RA patients [63], [64].
The PADI4 polymorphism (rs2240340 T/C) was
correlated with the development of RA in patients of
Asian descent, particularly in Korean, Chinese, and
Japanese populations [65]. According to Suzuki et al.,
PADI4 is a risk factor for early joint destruction in RA
patients [66]. In our study, however, we did not find an
association between PADI4 and RA susceptibility when
analyzing genotype and allelic distribution between RA
patients and healthy subjects, which is in agreement
with the study by Martinez et al. on the Spanish
population [67], Hassine et al. on the Tunisian population
[68], and Allam et al. on the Algerian population [26].
However, we did identify a significant association
between the PADI4 T allele and T/T genotype with
ACPA-positive RA, which is consistent with the study by
Too et al. on an Asian population [65] and Panati et al.
on the Indian population [69], though is in contrast to the
study by Cantaert et al., which declared no association
between PADI4 polymorphisms and ACPA [70].

It should be taken into consideration that our
study had some limitations, which necessitate careful
interpretation of our results. The sample size of the
RA patient and control groups could affect the power
of genetic association. The replication of this study on
a larger sample is necessary to confirm and expand
our results. The recruitment of the study participants
was carried out during the COVID-19 pandemic, so
the immunosuppressive therapy of the patients and
general public concern was the main constraint during
the recruitment process.

Conclusion

The present study provides information on RA
epidemiology in Kazakhstan for 2017-2019, which can
be comparable to data of other countries in Central Asia.
Data analysis showed an increase in RA prevalence with
age among females and a higher crude prevalence and
incidence of RA in the southern regions of Kazakhstan.
The results of SNP analysis revealed the significant
predominance of HLA-DRB9 (rs9268839) G allele and
G/G genotype frequencies in our RA patient sample.
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We also revealed the PADI4 (rs2240340) T allele and
T/T genotype association with ACPA-positive RA in our
sample. Further studies on larger samples are required
to confirm our obtained results and expand the data on
genetics in the Kazakhstan population.
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Supplementary

Supplementary Table 1: Prevalence of RA per 100,000
population in 2017-2019 according to age and gender

Year Age group

18-59 60 years and older

Male Female Male Female
2017 270 1003 789 1183
2018 264 956 812 1202
2019 304 1005 902 1218

Supplementary Table 2: Prevalence of RA by regions of
Kazakhstan in 2017-2019

Prevalence per 100,000 population

Region 2017 2018 2019

Total Female Male Total Female Male Total Female Male
Akmola 282.6 4287 127.3 311.8 4394 1765 469.3 6619 2653
Aktobe 2179 3195 109.6 268.3 387.4 1415 2749 393.3 149.2
Almatinskaya 338.0 509.2 163.2 331.1 488.2 171.2 325.1 4783 168.4
Almaty 505.2 7615 199.9 517.2 7751 210.5 530.1 777.5 2384
Atyrau 176.6 1977 154.7 183.8 207.0 160.0 208.3 267.8 147.1
East 3294 4816 162.3 3444 516.9 1554 3729 530.8 200.2
Kazakhstan
Zhambyl 446.6 689.7 195.6 433.0 667.2 191.6 448.3 654.9 2358
West 2259 3504 935 238.0 368.7 989 2558 385.1 118.6
Kazakhstan

Karaganda 187.6 2654 101.3 211.7 297.0 117.4 243.9 343.8 1335
Kyzylorda 289.1 4469 1318 350.9 537.5 1654 3473 5253 170.6
Kostanay 238.3 339.2 1264 236.2 354.7 1052 2444 3625 1139
Mangystau 207.5 3219 921 243.0 4279 56.8 2521 357.9 1456
Nur-Sultan 4701 749.7 168.8 415.6 666.2 144.1 432.3 692.1 150.8
Pavlodar 403.12 585.5 199.6 323.4 4824  146.6 327.3 491.1 145.4
North 3235 459.1 175.3 328.2 486.0 156.1 327.3 483.2 157.3
Kazakhstan

Turkistan - - - 418 629.2 2127 4356 6385 2384
Shymkent - - - 682.0 1067.1 265.0 708.7 1108.2 279.4
South 6259 9914 2771 - - - - - -
Kazakhstan

(Turk. +

Shymkent)

Supplementary Table 3: Incidence of RA by regions of
Kazakhstan in 2017-2019

Incidence per 100,000 population

Region 2017 2018 2019

Total Female Male Total Female Male Total Female Male
Akmola 38.7 544 221 39.7 4841 30.7 512 594 425
Aktobe 45 48.4 414 547 678 40.8 72.8 991 44.9
Almatinskaya 87.5 1213 529 873 1146 595 857 1123 584
Almaty 1343 196.1 60.8 1289 190.7 553 133.8 1886 69.2
Atyrau 55.3 822 274 639 884 38.7 103.8 176.7 289
East 48.9 699 26.1 58.0 823 315 447 636 24.0
Kazakhstan
Zhambyl 143.8 207.7 779 136.7 1938 779 1382 2072 673
West 28.8 408 159 36.2 539 174 327 441 20.7
Kazakhstan

Karaganda 18.8 237 133 26.0 337 174 248 264 229
Kyzylorda 929 1412 449 1078 160.1 557 964 1381 55.1
Kostanay 484 66.7 28.2 486 69.1 258 482 634 315
Mangystau 57.9 893 261 694 1175 21.0 598 784 411
Nur-Sultan 111.3 1706 474 1054 161.0 452 1014 1506  48.1
Pavlodar 596 817 350 533 763 27.7 568 76.8 345
North 417 573 247 527 743 29.0 445 622 251
Kazakhstan

Turkistan - - - 76.7 107.3 469 765 1083 456
Shymkent - - - 209.9 2290 96.3 2335 360.2 973
South 139.6 205.7 729 - - - - - -
Kazakhstan

(Turk. +

Shymkent)

756 https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Issilbayeva et al. The RA epidemiology and genetics in KZ

Supplementary Table 4: The PADI4 genotype distribution

rs2240340 Genotypes RA patients
(n =70), (abs.%)

Control

(n = 116), (abs.%)

OR95CI  p

PADI4

Dominant C/IC
C/T-TIT

Codominant  C/C
C/IT
TIT

Recessive C/C-CIT
TIT

Overdominant C/C-T/T
CIT

Log-Additive 0, 1,2

21 (30)
49 (70)

21(30)
32 (45.7)

17 (24.3)

53 (75.7)
17 (24.3)

38 (54.3)
32 (45.7)

70 (38.3)

46 (40.7)
67 (59.3)

46 (40.7)
48 (42.5)

19 (16.8)

94 (83.2)
19 (16.8)

65 (57.5)
48 (42.5)

113 (61.7)

1 0.14133
16
(0.85-3.02)
1 0.26031
1.46
(0.74-2.89)
1.96
(0.85-4.51)
1 0.22056
1.59
(0.76-3.31)
1 0.66812
114

(0.63-2.08)

1.41 0.10203
(0.93-2.12)

Supplementary Table 5: The PTPN22 genotype distribution

rs2476601 Genotypes RA patients Control OR95CI p
PTPN22 (n=70), (abs. %) (n=113), (abs. %)
Dominant GIG 59 (84.3) 100 (88.5) 1 0.41633
A/G-AIA 11 (15.7) 13 (11.5) 1.43
(0.6-3.41)
Codominant  G/G 59 (84.3) 100 (88.5) 1 0.53829
AG 11 (15.7) 12 (10.6) 1.55
(0.64-3.74)
AA 0(0) 1(0.9) 0 (0-NA)
Recessive G/G-A/G 70 (100) 112 (99.1) 1 1
A/A 0(0) 1(0.9) 0 (0-NA)
Overdominant G/G-A/A 59 (84.3) 101 (89.4) 1 0.31736
AIG 11 (15.7) 12 (10.6) 1.57
(0.65-3.78)
Log-additve 0, 1,2 70 (38.3) 113 (61.7) 1.29 0.53829
(0.57-2.91)

Supplementary Table 6: Genotypic and allelic frequencies of
PADI4. PTPN22 and HLADRB9 among RF (+) and RF(-) patients

SNP and genotypes RF (+) RF (-) OR (95% Cl) p
rs9268839
GIG 21 (39.6%) 6 (35.3%) 1 0.7687
A/G 21 (39.6%) 6 (35.3%) 1(0.28-3.61)
AIA 11 (20.8%) 5(29.4%) 0.63 (0.16-2.53)
G 63 18 0.769 (0.329-1.808) 0.552
A 43 16
rs2240340
c/C 14 (26.4%) 7 (41.2%) 1 0.27652
CIT 24 (45.3%) 8 (47.1%) 1.5 (0.45-5.03)
T/T 15 (28.3%) 2 (11.8%) 3.75(0.66-21.2)
C 52 (49.1%) 22 (64.7%) 1.895 (0.802-4.662) 0.12
T 54 (50.9%) 12 (35.3%)
rs2476601
G/IG 44 (83%) 15 (88.2%) 1 0.25666
A/G 9 (17%) 2 (11.8%) 1.53 (0.3-7.91)
G 97 (91.5%) 32 (94.1%) 1.481 (0.285-14.79) 1
A 9 (8.5%) 2 (5.9%)
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