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Background and Objectives: When iodine intake is in excess, a susceptible population that has a genetic predis-
position will have an increased risk of hypothyroidism or autoimmune thyroiditis. This study evaluated the vul-
nerability to iodine excess and subclinical thyroid disease through screening of single nucleotide polymorphisms
(SNPs) in reproductive-age women to provide evidence to be used for the prevention of subclinical thyroid dis-
ease. Methods and Study Design: In Shanxi province, four areas where a range of iodine exposures from low to
high were chosen in each region, 60 women were anticipated to enrol, including 20 pregnant women, 20 lactating
women, and 20 non-pregnant, non-lactating women. Genotyping was performed using whole-blood samples, and
the genotypes of 21 SNPs were determined and compared among areas with different water iodine and between
controls and patients with subclinical thyroid disease. Results: In total, 241 participants were enrolled. Among
the 21 candidate SNPs, no difference was found among areas with various water iodine, whereas, 7G (rs2252696),
TSHR (rs4903957), CTLA-4 (1rs231775), CAPZB (rs1472565), PDE4D (1s27178), and HLA (rs2517532) were
significantly associated with various subclinical thyroid diseases; in particular, the PDE4D (rs27178), ad hoc TT
allele, was associated with all examined subclinical thyroid diseases. Conclusions: Vulnerability to subclinical
thyroid diseases is influenced by the presence of gene polymorphisms. There is a need for screening of suspected
genes to effectively prevent and reduce the occurrence of thyroid diseases. People with the TT allele in PDE4D

(rs27178) should be made aware of an increased risk of subclinical thyroid disease.
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INTRODUCTION

The thyroid is an endocrine gland that produces thyroid
hormone. The thyroid hormone regulates many activities
in the body, including the speed at which the body burns
calories and the rate at which the heart beats. Diseases of
the thyroid cause it to produce either too much or too lit-
tle of the hormone. Women are more likely than men to
have thyroid diseases, especially right after pregnancy.
According to the World Health Organization’s manual on
iodine deficiency disorders, when the median urinary
iodine of children or adults reaches 200-299 ug/L, sus-
ceptible populations with a genetic predisposition will
have an increased risk of hypothyroidism or autoimmune
thyroiditis. In addition to overt thyroid disease, there are
subclinical thyroid diseases that have no obvious clinical
symptoms and can only be diagnosed based on laboratory
tests. Subclinical thyroid diseases include subclinical hy-
perthyroidism, subclinical hypothyroidism, hypothyrox-

inaemia, and diseases caused by the presence of positive
thyroid antibody.? Hereditary factors—mainly the regula-
tion of genetic factors—play a role in thyroid diseases.’
Single nucleotide polymorphisms (SNPs) are involved in
both thyroid functioning and thyroid autoimmune disor-
ders.*’ Some genes and their loci have an association with
thyroid-stimulating hormone (TSH) concentrations and
can influence the development of hypothyroidism, in-
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cludeing FOXE1 (forkhead box protein E1),° SH2B3 (Src
homology 2-B3), PTPN22 (protein tyrosine phosphatase
non-receptor 22), CAPZB (capping protein, actin filament,
muscle Z-line, beta), PDESB (phosphodiesterase 8B),
CTLA-4 (cytotoxic lymphocyte-associated antigen-4),
HLA (human leucocyte antigen) class I, THRB (thyroid
hormone receptor, beta), 7G (thyroid globulin), POUIF'1
(POU class 1 homeobox 1), PDE4D (phosphodiesterase
4D), TSHR (thyroid-stimulating hormone receptor) and
GNAQ (guanine nucleotide-binding protein G (q)).* Fur-
thermore, polymorphisms in PDESB may affect the pro-
duction of T4 and T3 and the regulation the release of
TSH by the pituitary gland; hence, PDESB may serve as a
candidate target for the regulation of thyroid dysfunc-
tion.” Common genetic variation in iodothyronine de-
iodinase type 1 (DIO1) alters deiodinase function, result-
ing in an imbalance in the circulating FT3 to FT4 ratio,
both of which affect thyroid function.® Other gene loci are
involved in immune functioning and play a role in various
autoimmune diseases, including Vav-family protein 3
(VAV3) and CTLA-4.%

Individuals with a susceptible genetic background are
vulnerable to iodine excess and thyroid disease. Studies
have focused on associations between SNPs and thyroid
function parameters*’® or thyroid diseases, such as auto-
immune thyroid disease’'® and thyroid cancer;'*'® few
studies have focused on subclinical thyroid disease. In
this study, 21 candidate SNPs chosen from previous re-
ports were genotyped to determine the association be-
tween subclinical thyroid disease and SNPs in reproduc-
tive-age women in areas of excessive iodine exposure
from water in Shanxi Province, China.

METHODS

Study participants and methods

In 2011, four regions in Shanxi Province with water io-
dine content from low to high and a high prevalence of
subclinical thyroid disease were chosen. The water iodine
level was classified at four different levels, those being
50-99, 100-149, 149-299, and >300 pg/L. In each region,
60 participants were planned to recruit: 20 pregnant
women, 20 lactating women, and 20 controls (non-
pregnant, non-lactating reproductive-age women); only
women were chosen because the prevalence of thyroid
disease is higher in women than in men, especially during
pregnancy or lactation. The study protocol was approved
by the Human Research Ethics Committee at the Harbin
Medical University (approval number HRB2010e005).
The research conformed to the provisions of the Declara-
tion of Helsinki, 1995 (as revised in Edinburgh, 2000).
Informed consent was obtained from all participants.
From each person, a blood sample was collected, and
thyroid function parameters (TSH, thyroid stimulating
hormone, FT4, free thyroxine, FT3, free triiodothyronine,
TgAb, thyroglobulin antibody, TPOAD, thyroid peroxi-
dase antibody) were determined. TSH, FT4, and FT3
were measured using an electrochemical luminescence
immunoassay (Roche, Germany). TgAb and TPOAb were
measured using commercial kits (Roche) according to
manufacturer’s instructions. The reference ranges were as
follows: TSH, 0.27—4.20 mIU/L; FT4, 12-22 pmol/L;
FT3, 2.8-7.1 pmol/L; TgAb, 0-115 IU/mL; TPOAD, 0—

34 TU/mL. For the purposes of analysis, patients with
subclinical thyroid diseases were defined as those having
positive thyroid antibody, subclinical hypothyroidism, or
hypothyroxinaemia (low T4 concentration), or any of
those three. Additionally, subclinical thyroid disease was
diagnosed based on the serological concentration of thy-
roid functional parameters: positive thyroid antibody,
TgAb >115 TU/mL or TPOAb >34 IU/mL; subclinical
hypothyroidism, TSH >4.20 mIU/L and FT4 12-22
pmol/L; low T4 concentration, FT4 <12 pmol/L. The par-
ticipants were categorised into cases (i.e., patients with
subclinical thyroid disease) or controls based on these
indices.

DNA extraction

For all participants, genomic DNA was extracted from
peripheral blood cells using the QIAGEN kit (Qiagen,
Germany). Selection of SNPs related to serum TSH and
FT4 in this study was based mainly on results from ge-
nome-wide association studies of thyroid diseases (in
both the English language and Chinese literature).*7!7-20
Genetic loci were selected for screening if significant
associations existed between polymorphisms of these loci
and iodine excess and between SNP and thyroid disease.
After cautiously reviewing the references, the following
21 SNPs were included: FOXE! (rs925489, rs1443434),
PTPN22 (rs6679677, 1s2476601), HLA (rs2517532,
rs2516049), PDESB (rs4704397, rs7714529, rs10066802),
SH2B3 (rs3184504), VAV3 (rs4915077), CAPZB
(rs1472565), DIOI1 (rs2235544), CTLA-4 (rs231775,
rs3087243), TG (1s2252696), TSHR (1s4903957), THRB
(rs1505287), GNAQ (rs10512065), POUIF1 (rs1976324),
and PDE4D (rs27178). Genotyping was performed by the
Shanghai Fenglin Medical Laboratory using the Mass
ARRAY Analyzer mass spectroscope (Agena Bioscience),
and the SNP genotyping was analysed using Typer 4.0
(Sequenom).

Statistical analysis

Genotype comparisons for each SNP between areas with
different water iodine and between subclinical thyroid
disease cases and controls were performed using the
SPSS software (version 17.0, SPSS Inc., Chicago, Illinois,
USA), with p<0.05 regarded as statistically significant.
Spearman correlation analysis was used to compare non-
normally distributed data. The Hardy—Weinberg equilib-
rium was tested. The difference in frequencies among
different areas and between cases and controls was calcu-
lated using the chi-squared test. Risk factors were ana-
lysed using logistic regression.

RESULTS

The concept chart of this research was offered in Figure 1.
In all, 241 women (1945 years) with an average age of
29.4+6.22 years were evaluated at 21 SNP loci using the
mass spectrometry analysis method; their median urinary
iodine level was 336.00 ug/L (229.38-526.43 pg/L).
Genotypes were compared among populations in various
water iodine areas, and between cases and controls. The
sample size of population in each area and with each sub-
clinical thyroid disease is presented in Table 1; the Har-
dy—Weinberg equilibrium was tested and results were
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Figure 1. Flow chart of research on subclinical thyroid disease and single nucleotide polymorphisms in reproductive-age women in areas

of Shanxi Province, China, where iodine exposure is excessive.

balanced. Genotype maps of PDE4D (rs27178) are pre-
sented as a sample of genotypes CC, CT, and TT in Fig-
ure 2.

The possible impairment caused by iodine excess to
humans was analysed by comparing the SNP genotypes
of populations among areas with different levels of iodine
in water; for all 21 SNPs, there was no significant differ-
ence found among the different areas, which suggests that
iodine excess does not influence the genotype.

As shown in Tables 2 and 3, of the 241 participants, 34
were positive for thyroid antibody and 207 served as con-
trols. Among the 21 SNPs, three loci — CAPZB
(rs1472565), PDE4D (rs27178), and HLA (rs2517532) —
were significantly associated with positive thyroid anti-
body. For CAPZB (rs1472565), when compared with the
TT genotype, the CC genotype was more likely to be pos-
itive for thyroid antibodies (odds ratio [OR]=5.12, 95%
confidence interval [CI]=1.76-14.87, p<0.01). Similar

associations were observed when the dominant model
(TT + TC versus CC) and the recessive model (TT versus
TC + CC) were employed (dominant: TT + TC vs. CC,
OR=2.74, 95% CI=1.14-6.58, p=0.02; recessive: TT vs.
TC + CC, OR=3.18, 95% CI=1.36-7.45, p<0.01). In the
dominant model, PDE4D (rs27178) appeared to increase
the risk of positive thyroid antibody (OR=2.15, 95%
CI=1.00-4.64, p=0.05); in the recessive model, HLA
(rs2517532) appeared to reduce the risk of positive thy-
roid antibody (OR=0.10, 95% CI1=0.01-0.77, p=0.03).

In the analysis of those with subclinical hypothyroid-
ism, with some being regarded as cases (n=38) and others
(n=203) as controls, out of the 21 SNPs only TT in
PDE4D (rs27178) was found to be associated with a risk
of subclinical hypothyroidism (OR=5.18, 95% CI=1.75—
15.28, p<0.01). In the recessive model, PDE4D (rs27178)
was also found to increase the risk of subclinical hypothy-
roidism (OR=5.75, 95% CI=2.06-16.06, p<0.01).
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Table 1. Sample size of genotype test

Groups Sample size
Water iodine
50-99 ng/L 61
100-149 ng/L 60
150-299 pg/L 61
>300 pg/L 59
Fertility status
Pregnant women 81
Lactating women 80
Non-pregnant, non-lactating women 80
Subclinical thyroid disease
Thyroid antibody positive
Case 34
Control 207
Subclinical hypothyroidism
Case 38
Control 203
Low T4 concentration
Case 21
Control 220
Any subclinical thyroid disease
Case 45
Control 196
Total 241

When participants with hypothyroxinaemia were re-
garded as cases (n=21) and others (n=220) as controls, it
was observed that among the 21 SNPs, the AA genotype
in both 7G (rs2252696) and TSHR (rs4903957) increased
the risk of hypothyroxinaemia versus the homozygous
wild type. In the recessive model, CTLA-4 (rs231775),
TG (rs2252696), and TSHR (rs4903957) also appeared to
increase the risk of hypothyroxinaemia.

When the presence of any of the three subclinical thy-
roid diseases was considered, there were 45 cases and 196
controls. It was observed that among the 21 SNPs, only
the TT genotype in PDE4D (rs27178) increased the total
risk of subclinical thyroid disease (OR=5.74, 95%
CI=1.97-16.77, p<0.01). The recessive model also
showed a significant association with risk (OR=5.88, 95%
CI=2.13-16.24, p<0.01).

DISCUSSION

Studies have found that some thyroid diseases and sub-
clinical thyroid diseases have higher prevalence in popu-
lations subject to iodine excess compared with those
whose iodine levels are sufficient or deficient, especially
hypothyroidism, subclinical hypothyroidism and autoim-
mune thyroiditis.?> Similar differences were also found
between populations in areas of iodine excess and areas
where iodine levels were adequate.*?* A study in which a
follow-up survey was conducted five years after the base-
line survey demonstrated that those populations with high
thyroid peroxidase antibody levels and high thyroglobulin
antibody levels in areas of iodine excess had a higher
incidence of supernormal thyrotropin than those popula-
tions in areas where levels of iodine were adequate.?!
Among those clinical or subclinical thyroid diseases,
some diseases were found to be influenced by genetic
background.”? One study in Denmark found that thyroid
volume was strongly associated with genetic factors.?
Other studies have reported the effects of genetic factors

and environment on autoimmune thyroid disease
(AITD).?28 In regards to AITD, existing research focuses
mainly on gene polymorphisms. The proposed mecha-
nism is that the HLA4 molecule mistakenly activates T and
B lymphocytes, which triggers the occurrence of AITD.?
Additionally, polymorphisms in CD40 C/T-1 and
PTPN22 [858T are associated with a risk of Graves’ dis-
ease (GD).>**! Amino acid variation at the SNP site of the
CTLA-4 gene was closely associated with AITD.*?

In the present study, the possible impairment caused by
iodine excess was evaluated by comparison of the SNP
genotypes of 21 loci among populations in areas with
different levels of water iodine; however, no difference
was found between them, which suggests that environ-
mental sources of iodine may not have much impact on
genetic background in humans.

Besides, the influence of genetic factors on subclinical
thyroid disease was explored. Close associations between
common variants in CAPZB (rs1472565) and the presence
of hypothyroidism in patients was found,* which may be
due to the TSH concentration being affected by CAPZB
(rs1472565). Lisette et al’ reported that PDE4D (rs27178)
and TSH concentrations were associated with changes in
thyroid function. TSH is the most sensitive indicator of
thyroid dysfunction. In the present study, participants
carrying the TT genotype of PDE4D (rs27178) were
more vulnerable, in that they had a 5.18-fold greater risk
of subclinical hypothyroidism than those carrying the CC
genotype. In the recessive model, carrying the T allele
increased the risk of subclinical hypothyroidism, which
supported the presence of an association between CAPZB
(rs1472565), PDE4D (rs27178), and hypothyroidism.

In the dominant model, PDE4D (rs27178) could in-
crease the risk of the presence of auto-antibodies for thy-
roid antibody-positive participants. In the recessive model,
HLA (rs2517532) decreased this risk to 10%. The
rs2517532 SNP lies in the HLA class I region and has
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Figure 2. CC, CT, and TT genotype of PDE4D (rs27178) maps

always been considered to be related to autoimmune dis-
eases. A genome-wide study reported that HLA
(rs2517532) is associated with thyroid disease;* the pre-
sent study confirms this association, and variation at this
gene locus can greatly increase the chances of the occur-
rence of positive thyroid antibody.

Variation at the 7G (rs2252696), CTLA-4 (rs231775)
and 7SHR (rs4903957) loci and at the recessive models
was associated with an increased risk of hypothyroxinae-
mia. According to one study, 7G (rs2252696) and TSHR
(rs4903957) were strongly associated with TSH concen-
trations and thyroid function.’

For at least one of these subclinical thyroid diseases,
TT lies in PDE4D (rs27178) can increase the risk of sub-
clinical thyroid disease. In the recessive model, carrying
the T allele increases the risk of subclinical thyroid dis-
ease. TSH or thyroid hormone secretion is influenced
mainly by genetic polymorphisms. Among the 21 SNP
loci, CTLA-4 (rs231775), TG (rs2252696), TSHR
(rs4903957), CAPZB (rs1472565), PDE4D (rs27178),
and HLA (rs2517532) were the six sites found to be sig-
nificantly associated with subclinical thyroid disease, and
these may therefore increase the susceptibility of the dis-

ease. These six loci have been previously reported to be
influential genes in subclinical thyroid disease.*’” Among
them, only PDE4D (rs27178) was found to be associated
with any subclinical thyroid disease, which is consistent
with research by Weiping et al.>* Only the TT genotype in
PDE4D (rs27178) is associated with a significant differ-
ence between iodine nutrition-vulnerable groups, includ-
ing the iodine deficiency damage-susceptible group (TSH
<1 mIU/L), the vulnerable group (TSH 1-2 mIU/L), and
the iodine excess damage-susceptible group (TSH >2
mlIU/L).

This was the first study that screened 21 suspicious
gene loci in patients with subclinical thyroid disease;
these gene loci were previously reported to be associated
with various thyroid diseases, such as thyroid cancer or
autoimmune thyroiditis. This study included reproduc-
tive-age women, including pregnant and lactating women,
from areas with iodine excess for evaluation of vulnera-
bility to iodine excess and subclinical thyroid disease
through screening of SNPs. However, the sample size
was not large enough, which led to large 95% confidence
intervals. Further research with a larger sample size is
recommended to obtain more certain conclusions.
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Table 2. Association between single nucleotide polymorphisms and water iodine levels

Water iodine (ug/L, %)

2
SNP Genotype 50-99 100-149 150-299 >300 X P
FOXEI 15925489 TT 52 (85.25) 51 (85.00) 49 (80.33) 48(81.36) 241  0.88
CT 9 (14.75) 8 (13.33) 11(18.03) 10 (16.95)
cC 0 (0.00) 1 (1.67) 1 (1.64) 1 (1.69)
rs1443434 TT 47 (77.05) 40 (66.67) 40 (65.57) 46 (77.97)  11.81  0.07
GT 10 (16.39) 17 (28.33) 10 (16.39) 8 (13.56)
GG 4 (6.56) 3 (5.00) 11(18.03) 5 (8.47)
PTPN22 156679677 cC 60 (98.36) 60 (100.00)  61(100.00)  59(100.00) 276  0.43
AC 1 (1.64) 0 (0.00) 0 (0.00) 0 (0.00)
AA 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
152476601 AA 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 276 043
AG 1 (1.64) 0 (0.00) 0 (0.00) 0 (0.00)
GG 60 (98.36) 60 (100.00)  61(100.00) 59 (100.00)
HLA 1s2517532 TT 19 (31.15) 7(11.67) 14 (22.95) 8(13.56) 11.88  0.07
CT 27 (44.26) 32 (53.33) 25 (40.98) 35 (59.32)
cC 15 (24.59) 21 (35.00) 22 (36.07) 16 (27.12)
152516049 AA 45 (73.77) 39 (65.00) 46 (75.41) 47(79.66)  6.12  0.41
AG 14 (22.95) 15 (25.00) 12 (19.67) 11 (18.64)
GG 2(3.28) 6 (10.00) 3 (4.92) 1 (1.69)
PDESB 154704397 AA 41 (67.21) 39 (65.00) 49 (80.33) 42(71.19) 658  0.45
AG 19 (31.15) 20 (33.33) 12 (19.67) 15 (25.42)
GG 1 (1.64) 1(1.67) 0 (0.00) 2 (3.39)
157714529 AA 3 (4.92) 1(1.67) 0 (0.00) 2 (3.39) 945  0.15
AG 11 (18.03) 19 (31.67) 20 (32.79) 12 (20.34)
GG 47 (77.05) 40 (66.67) 41 (67.21) 45 (76.27)
rs10066802  AA 17 (27.87) 19 (31.67) 15 (24.59) 15(2542) 633 039
AG 37 (60.66) 29 (48.33) 29 (47.54) 33 (55.93)
GG 7 (11.48) 12 (20.00) 17 (27.87) 11 (18.64)
SH2B3 rs3184504 TT 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 276 043
CT 1 (1.64) 0 (0.00) 0 (0.00) 0 (0.00)
cC 60 (98.36) 60 (100.00)  61(100.00) 59 (100.00)
VAV3 154915077 TT 29 (47.54) 34 (56.67) 37 (60.66) 31(52.54) 3.63  0.73
CT 27 (44.26) 23 (38.33) 22 (36.07) 26 (44.07)
cC 5 (8.20) 3 (5.00) 2 (3.28) 2 (3.39)
CAPZB 11472565 TT 23 (37.70) 16 (26.67) 28 (45.90) 26(44.07) 1120  0.08
CT 28 (45.90) 39 (65.00) 24 (39.34) 23 (38.98)
cC 10 (16.39) 5(8.33) 9 (14.75) 10 (16.95)
DIOI 152235544 cC 21 (34.43) 19 (31.67) 13 (21.31) 17(2881) 394  0.68
AC 30 (49.18) 29 (48.33) 33 (54.1) 37 (62.71)
AA 10 (16.39) 12 (20.00) 15 (24.59) 15 (25.42)
CTLA-4 1231775 AA 8 (13.11) 7(11.67) 4 (6.56) 9(1525 11.13  0.09
AG 20 (32.79) 24 (40.00) 26 (42.62) 33 (55.93)
GG 33 (54.10) 29 (48.33) 31 (50.82) 17 (28.81)
rs3087243 AA 1 (1.64) 1(1.67) 0 (0.00) 3 (5.08) 9.84  0.13
AG 24 (39.34) 15 (25.00) 16 (26.23) 12 (20.34)
GG 35 (57.38) 42 (70.00) 42 (68.85) 43 (72.88)
TG 152252696 cC 39 (63.93) 39 (65.00) 36 (59.02) 38(64.41) 599  0.42
AC 16 (26.23) 20 (33.33) 23 (37.70) 18 (30.51)
AA 6 (9.84) 1 (1.67) 2 (3.28) 3 (5.08)
TSHR 154903957 AA 4 (6.56) 9 (15.00) 4 (6.56) 5 (8.47) 378 0.71
AG 24 (39.34) 20 (33.33) 24 (39.34) 24 (40.68)
GG 33 (54.10) 31 (51.67) 33 (54.10) 30 (50.85)
THRB rs1505287 TT 15 (24.59) 23 (38.33) 13 (21.31) 12(2034) 828  0.22
CT 31 (50.82) 28 (46.67) 31 (50.82) 29 (49.15)
cC 15 (24.59) 9 (15.00) 17 (27.87) 18 (30.51)
GNAQ 1510512065  AA 4 (6.56) 3 (5.00) 2(3.28) 1 (1.69) 6.84 034
AG 24 (39.34) 14 (23.33) 20 (32.79) 16 (27.12)
GG 33 (54.10) 43 (71.67) 39 (63.93) 42 (71.19)
POUIFI 151976324 AA 0 (0.00) 2(3.33) 3 (4.92) 2 (3.39) 537 050
AG 23 (37.70) 20 (33.33) 23 (37.70) 18 (30.51)
GG 38 (62.30) 38 (63.33) 35 (57.38) 39 (66.10)
PDE4D rs27178 TT 5 (8.20) 3 (5.00) 5 (8.20) 4 (6.78) 278 0.84
CT 31 (50.82) 25 (41.67) 28 (45.9) 23 (40.68)
cC 25 (40.98) 32 (53.33) 28 (45.9) 31 (52.54)
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Table 3. Association between single nucleotide polymorphisms and subclinical thyroid disease

SNP Genotype Control (%) Case n (%) OR (95%CI) p
Thyroid antibody positive
CAPZB(rs1472565) TT 86 (41.55) 7 (20.59) 1.00
TC 97 (46.86) 17 (50.00) 2.15(0.85, 5.44) 0.90
CcC 24 (11.59) 10 (29.41) 5.12(1.76, 14.87) <0.01"
Dominant model 2.74 (1.14, 6.58) 0.02"
Recessive model 3.18(1.36, 7.45) <0.01"
PDE4D(rs27178) CcC 105 (50.72) 11(32.35) 1.00
CT 90 (43.48) 18 (52.94) 1.91 (0.86, 4.25) 0.91
TT 12 (5.80) 5(14.71) 3.98(1.18,13.39) 0.06
Dominant model 2.15(1.00, 4.64) 0.05"
Recessive model 2.80(0.92, 8.53) 0.07
HLA (rs2517532) CcC 65 (31.40) 9 (26.47) 1.00
CT 95 (45.89) 24 (70.59) 1.83(0.80, 4.18) <0.01
TT 47 (22.71) 1(2.94) 0.15(0.02, 1.26) 0.04
Dominant model 1.27 ( 0.56, 2.88) 0.56
Recessive model 0.10( 0.01, 0.77) 0.03"
Subclinical hypothyroidism
PDE4D(rs27178) CcC 99 (48.77) 17 (44.74) 1.00
CT 95 (46.80) 13 (34.21) 0.80(0.37, 1.73) <0.01
TT 9(4.43) 8 (21.05) 5.18(1.75, 15.28) <0.01"
Dominant model 1.18 (0.59, 2.36) 0.65
Recessive model 5.75 (2.06, 16.06) <0.01"
Hypothyroxinaemia
CTLA-4(rs231775) AA 24 (10.91) 4 (13.09) 1.00
AG 107 (48.64) 3 (14.29) 0.17(0.04, 0.80) <0.01"
GG 89 (40.45) 14 (66.67) 0.94(0.29, 3.13) 0.09
Dominant model 0.52 (0.16, 1.68) 0.27
Recessive model 2.94 (1.14, 7.58) 0.03"
TG (rs2252696) CcC 143 ( 65.00) 9 (42.86) 1.00
CA 69 (31.36) 8 (38.10) 1.84(0.68, 4.98) 0.41
AA 8 (3.64) 4 (19.05) 7.94 (2.01, 31.46) <0.01"
Dominant model 2.48 (1.00, 6.14) 0.05"
Recessive model 6.24 (1.70, 22.83) <0.01"
TSHR (rs4903957) GG 119 (54.09) 8 (38.10) 1.00
GA 84 (38.18) 8 (38.10) 1.42(0.51, 3.93) 0.42
AA 17 (7.73) 5(23.81) 4.38 (1.28, 14.93) 0.02"
Dominant model 1.92 (0.76, 4.80) 0.17
Recessive model 3.73(1.22, 11.43) 0.02"
Subclinical thyroid disease
PDE4D(rs27178) CcC 97 (49.49) 19 (42.22) 1.00
CT 91 (46.43) 17 (37.78) 0.95(0.47, 1.95) 0.02
TT 8 (4.08) 9 (20.00) 5.74(1.97, 16.77) <0.01"
Dominant model 1.34(0.70, 2.58) 0.38
Recessive model 5.88(2.13, 16.24) <0.01"

The incidence of subclinical thyroid disease in repro-
ductive-age women in areas of iodine excess is influenced
by a number of gene loci polymorphisms. There is a need
to increase the screening of suspected gene loci in vulner-
able populations and to effectively prevent or reduce the
occurrence of thyroid diseases by taking into account the
influence of their genotypes. Attention should be paid to
the risk of subclinical thyroid diseases in people with the
TT allele of PDE4D (rs27178).
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