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ABSTRACT
Objectives: To find an association between circulating Estradiol and thyroid autoimmunity in females with polycystic ovarian 
syndrome (PCOS) and its impact on their health.

Materials and Methods: This study was conducted at Aziz Fatimah Medical and Dental College, after obtaining ethical ap-
proval from Institutional Ethical Committee (letter No. DME/568-19) from April to September 2017. Hundred PCOS females 
enrolled in the age range 17-35 years were taken who fulfilled inclusion and exclusion criteria. Blood samples were drawn 
and stored at Aziz Fatima Hospital, Faisalabad. All blood samples were analyzed for the levels of Estradiol, thyroid stimulat-
ing hormone (TSH), free triiodothyronine (FT3), free tetra-iodothyronine (FT4), and thyroid peroxidase antibody (TPO-Ab). 
The data was analyzed using SPSS 23.

Results: Of the total population, TPO-Ab was positive in 26% of study participants. It was observed that 64% and 40% of TPO-
Ab positive subjects were in the Estradiol quartiles E3 and E4 respectively and none of them were found to be in E1 and E2 
quartiles. We have found a significant association of the E2 with TSH, FT4, and TPO-Ab, however, no significant correlation 
was found between TSH and TPO-Ab. Beta coefficient (β) of 1.006 shows that higher E2 was significantly related to higher 
TPO-Ab titer with p-value = 0.002. Similarly, a significant but weak positive association was found between E2 and TSH. E2 
was significantly negatively associated with FT4.

Conclusion: OEstradiol is positively associated with TPO antibodies and TSH and negatively associated with FT4 in PCOS 
patients. Our findings suggest that thyroid autoimmunity is commonly found in PCOS females.
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INTRODUCTION
Autoimmune diseases are a major concern for 

health care providers globally in latest decades due to their 
associated comorbidities leading to high mortality rates.1 
The development of autoimmunity is a heterogeneous 
process. It is reported by previous research that the prev-
alence of autoimmune diseases is hiking in the current 
era including connective tissue diseases, autoimmune 
hepatitis, thyroid diseases, insulin-Dependent Diabetes 
Mellitus (IDDM) and skin diseases, etc. This auto-immune 
response is believed to be carried out due to the produc-

tion of antibodies against own tissues and subsequently 
its destruction by the cytotoxic action of T cells.2 In Pa-
kistan, hypothyroidism is prevalent up to 4.1% and 5.4% 
in adults and children respectively. It is also reported that 
hypothyroidism and hyperthyroidism are more prevalent 
in females than in their male counterparts. Thyroid mal-
functioning in subclinical hypothyroidism is interconnect-
ed with a raised risk of atherosclerosis and coronary artery 
diseases most probably also attributed to altered Estro-
gen levels.3,4 Autoantibodies of the thyroid are not solely 
detectable in autoimmune thyroid disease (AITD) patients 
besides it they are also found in subjects who do not have 
evident altered thyroid function.5

Thyroid disorders are more rampant in females 
especially targeting the age of puberty and menopause. 
It is worrisome for the physicians that chances of thyroid 
carcinomas are more recurrent in women as compared to 
men. These findings are attributed to the altered levels of 
Estrogen in thyroid disorder pathogenesis.6Indirect role of 
Estrogen has been established on the thyroid affecting its 
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hormonal economy, thence, enhancing the thyroxin bind-
ing globulin, and subsequently making thyroid hormone 
more pivotal in hypothyroid females. Estrogen has a direct 
effect on thyroid cells stimulating them and forming the 
thyroid nodule, it also causes an increased production of 
thyroid-binding globulins by the liver thereby decreasing 
the availability of free thyroid for the proper functioning of 
the body. 7 Normally progesterone is responsible for de-
clining IL-6 and the production of antibodies. On the oth-
er hand, Estrogen decreases the activity of suppressor 
T-cells but enhances the action of B cells as well as secre-
tion of IL-6, all contributing to autoimmunity in Hashimoto 
thyroiditis. Hence it is concluded by the researchers that 
imbalances in Estrogen and progesterone (a low proges-
terone/Estradiol ratio), may promote the development of 
Hashimoto thyroiditis in PCOS subjects resulting from the 
immune-stimulating effects of unbalanced Estrogen.8

MATERIAL AND METHODS
This Cross-sectional study was done at Aziz Fati-

mah Medical and Dental College from April 2017 to Sep-
tember 2017 after obtaining ethical approval from the 
institute with letter no. DME/568-19. It comprised 100 fe-
male participants. Female Subjects were recruited having 
PCOS on ultrasound with an age range of 17-35. How-
ever, subjects with hypothyroidism, taking thyroxin and 
hyperthyroidism, and subjects with thyroidectomy and 
hysterectomy were excluded from the study. 5ml of fasting 
blood samples were drawn under aseptic conditions fol-
lowing the protocol. Serum was separated in a centrifuge 
machine and saved in an Eppendorf tube and transferred 
to a freezer at -80 c till analysis. Anti-TPO antibodies were 
measured with help of CLIA cut of the range was taken 
less than 14 IU/ml. Estrogen was measured using CLIA 
cut-off value was taken15-112pg/ml. Data analysis was 
performed using SPSS version 23. Continuous data are 
expressed as mean ± S.D and median (IQR). Categorical 

data are expressed in frequencies and percentages. Sha-
piro Wilk test was applied for the normality of data. Data 
for Estradiol, TSH, and TPO Antibodies were not normal-
ly distributed and skewed. So, a non-parametric test was 
used for analysis. Spearman correlation coefficients were 
used to assess pairwise correlation. Regression analysis 
was done to assess the association between Estradiol and 
TPO antibodies, TSH, and FT4. A p-value of ≤ 0.05 was 
considered statistically significant. Spearman correlation 
was used to find a correlation.

RESULTS
This study comprised 100 Female participants 

having PCOS. The mean and SD of biochemical param-
eters are presented in table 1. Twenty-six percent of the 
subjects were positive for TPO-Ab. To assess the interre-
lation between serum E2 and the detectability of TPO an-
tibodies, Participants were categorized into Estradiol (E2) 
quartiles. It was observed that 64% and 40% of TPO-posi-
tive subjects were in the E3 and E4 respectively and none 
of them were found to be in the E1 and E2 quartiles of E2. 
(Table 2)

Spearman’s correlation indicates a significant as-
sociation of the E2 with TSH, FT4, and TPO antibodies, 
however, no significant association was found between 
TSH and TPO antibodies (Table 3). To assess the strength 
of this relation simple linear regression model for E2, as 
independent variables, and the TPO antibodies titter, TSH, 
and FT4 as the dependent variable was used. The beta 
coefficient (β) of 1.006 shows that higher E2 was signifi-
cantly related to higher TPO antibodies titer with p-value = 
0.002. Similarly, significant but weak positive association 
was found between the E2 and TSH (β =0.004, p-value 
0.000). E2 was significantly negatively associated with 
FT4 (β = - 0.375, p value 0 .012). (Table 4) Estrogen (E2) 
is in the dependent variable P value of ≤0.05 was taken 
as significant.

Table 1: Descriptive of Study Population (n=100)

Biochemical Parameters Mean ± SD Range Median (IQR)

Estradiol(E2) 70.69 ± 271.14 0.73 - 2550.0 4.77 (14.96)

Free Thyroxine (FT4) 9.13 ± 5.84733 0.02 - 25.90 3.42 (582)

Thyroid-stimulating Hormone (TSH) 6.7302±16.60 0.06 - 100.00 2.65(1.56)

Thyroid peroxide titer (TPO) 6.29 ± 5.48 0.73 - 20.00 3.91 ( 8.73)

Free triiodothyronine FT3 4.29 ± 4.07 3.50 - 1590 10.75 (10.85)

Table 2: Detectability of Thyroid Peroxidase Antibodies in Various OEstradiol (E2 Quartiles)

E2 Quartile  Positive TPO N(%) Negative TPO N(%)

E1 (n= 25) 00(00) 25(100%)

E2 (n= 25) 00(00) 25(100%)

E3  (n=25) 16(64) 9(36)

E4 (n=25) 10(40) 15(60)
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DISCUSSION

Polycystic ovarian syndrome (PCOS) and thyroid 
disorders are frequent growing ailments globally. The as-
sociation between autoimmune thyroid disease and PCOS 
is more and more being recognized by researchers, and 
the reason for this link is yet unstipulated. Most of the re-
searchers have suggested their bidirectional relationship.9 
Enhanced ovarian volume, as well as cystic changes in 
ovaries, have been stated in primary hypothyroidism.  

Apart from this, several previous studies have doc-
umented a higher incidence of thyroid diseases in PCOS 
patients as compared to normal females. The link between 
thyroid autoimmunity and PCO is gaining interest among 
researchers, as accurate interrelation is yet to be known. 
Whether this occurs as a consequence of some com-
mon predisposing factors or a pathophysiological linkage 
among both of these disorders has not been elucidated 
to date.9 

But a previous study, indicating the pathogenesis 
of PCOS reported a high prevalence of PCOS phenotype 
in adolescent girls with euthyroid Hashimoto Thyroiditis 
(HT), indicating the feasible impact of other aspects like 
autoimmunity as compared to hypothyroidism.10

Arduc et al., has explained that the hypothyroid-
ism has deteriorated PCOS by lessening the sex hormone 
binding globulin level, raising the conversion of andro-
stenedione to testosterone and aromatization to Estradiol, 
and decreasing the metabolic clearance of estrone and 
androstenedione leading to PCO. 

Additionally, raised TSH level promotes its spill-
over effect on FSH receptors. Enhanced deposition of col-
lagen in ovaries because of hypothyroidism has also been 
reported by Singla et al., 9, 10

On the other hand, Chailurkit et al. stated extra 

thyroidal causes of thyroid autoimmunity that might be 
due to elevated Estradiol levels. Some researchers have 
suggested that androgens as well as osteogeneses have 
a significant impact on autoimmunity because of their apti-
tude of modulating immune response via their receptors.11, 

12 Numerous other previous studies also suggested im-
balance among Estrogen and progesterone or Estrogen 
testosterone levels might be the contributing factors. Pre-
vious research was performed to highlight the association 
between PCO and Thyroid autoimmunity by investigating 
the relationship between hormonal imbalances in patients 
with PCOS versus control patients. 

The authors concluded that imbalances in Es-
trogen and progesterone (a decreased progesterone/
Estradiol ratio), may promote the development of auto-
immunity in PCO patients. Immune-stimulating effects of 
unbalanced Estrogen are directly involved in elevations of 
anti-TPO.10,13

Arduc A et al., also suggested that E2 and proges-
terone seem to impede differently with expression and 
mass production of proinflammatory cytokines through 
activated macrophages and control downregulation of im-
mune as well as inflammatory reactions.10 Current study 
was conducted to find the emerging relationship between 
Estradiol and thyroid autoimmunity. 

In our study, we found the presence of TPO anti-
bodies in 26% of PCO females. Our results are in agree-
ment with a previous study by Garelli et al. that also report-
ed the presence of TPO antibodies in 27% of their PCO 
patients when compared to 8% in controls.14

Janssen et al also documented higher thyroid 
antibody levels in females with PCOs as compared to a 
control group. Additionally, Janssen et al., also reported 
that females with PCOs have larger thyroid volumes and 

Table 3:  Spearman’s correlation between serum OEstradiol (E2), TSH and TPO antibodies

E2 vs TSH 0.194 0.053

E2 vs TPO antibodies 0.742  0.000

TSH vs TPO antibodies  0.072- 0.479

E2 Vs FT4 -.0450 0.000

Table 4:  Regression Analysis of OEstradiol (E2) with dependent variables 

Dependent variables   Beta Coefficients (β) Std. Error P value 

TPO 1.006 0.002 0.002

TSH .044 .005 0.000

FT4 -.375 .147 0.12
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more hypoechogenic thyroid glands when compared to 
controls.15 These finding reflects that thyroid autoimmunity 
is commonly found in PCO patient. 

In the current study, circulating E2 was found to be 
related to TPO Ab in PCO females. Our finding is sugges-
tive of a connection between E2 level and TPO Ab propos-
es that E2 might have an impact on thyroid autoimmunity 
pathogenesis in PCO females. Our results are supported 
by the previous study ascertaining a positive correlation 
between anti-TPO and Estradiol.10

To assess the relationship between serum E2 and 
detectability of thyroid autoantibodies, we classified the 
subjects into E2 quartiles and we noticed that a higher 
number of anti-TPO positive subjects were fall in upper two 
E2 quartile (E3 and E4), whereas none of the TPO positive 
subjects was found in lower E2 (E1 and E2) quartile. This 
study’s finding suggests that Estrogen may be an aspect 
of causing autoimmunity. On the contrary, Chailurkit et al. 

Found TPO antibodies almost equally in all four E2 
quartiles suggesting no relationship between E2 and TPO 
antibodies. Our results are justified by Chen et al., a study 
carried out in China, which reported increased Anti-TPO 
antibodies with increasing Estrogen levels.11, 12

Our results of regression analysis show a signifi-
cant positive association between E2 and TPO antibodies. 
The beta coefficient of 1.006 shows that a 1-unit increase 
in Estradiol will increase the 1.006-fold increase in thyroid 
peroxide antibody level. Our results are reflecting that the 
increase in E2 and subsequent increase in TPO antibodies, 
will result in the occurrence of thyroid autoimmunity Wang 
C et al., results showed that a 1-unit increase in TPOAb/
TGAb, will increase the risk for developing autoimmunity 
increased by 1.265-fold.16 

The current study found a significant but weak 
positive relation between TSH and Estradiol levels con-
trary to our results, Chailurkit et al., reported a negative 
association between E2 and TSH, but only in those whose 
TSH levels fell below the reference range. 

The association between E2 and TSH may sug-
gest the influence of E2 on thyroid function through thy-
roid autoimmunity. The present result did not find a signifi-
cant association between OEstradiol and FT4, this study’s 
results are per Chailurkit et al., who did not find an associ-
ation between E2 and FT4 evident.11

CONCLUSION
OEstradiol is positively associated with TPO an-

tibodies and TSH and negatively associated with FT4 in 
PCOS patients. Our findings suggest that thyroid autoim-
munity is commonly found in females with PCOS. 
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