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Introduction

Polycystic ovary syndrome (PCOS) is essentially a group of 
endocrine disorders that commonly affect women during re-
productive age [1]. It is characterized by irregular, anovulatory 
menstrual cycles, features of hyperandrogenism, and poly-
cystic ovaries [2]. Multiple endocrine derangements were de-
scribed in patients with PCOS including abnormally high levels 
of follicle stimulating hormone (FSH), luteinizing hormone (LH), 
FSH/LH, prolactin, testosterone, estradiol and insulin resis-
tance [1-3]. The relatively high prevalence of insulin resistance 
among PCOS patients partly explains features of metabolic 
syndrome in the affected subjects, which include obesity, hy-
pertension and dyslipidemia [4]. 

PCOS shares common features with hypothyroidism like 

abnormal menses, anovulatory cycles, obesity, dyslipidemia 
and psychological disturbances [5]. Coexistence of autoim-
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mune thyroiditis and/or goiter with biochemical features of 
hypothyroidism is not uncommon among patients with PCOS 
[6]. In contrast, the results of some studies showed increased 
levels of tri-iodothyronine (T3) and anti-thyroid peroxidase 
(anti-TPO) antibody in PCOS patients [7], which confuse the 
common believe that hypothyroidism is a part of PCOS en-
docrinopathy. At least two reports document Graves’ disease 
in PCOS patients attending endocrinology clinics for the pur-
pose of follow-up [8,9]. Noteworthy, hyperthyroidism can also 
explain some features of PCOS like hypertension, abnormal 
menstrual cycles, psychological disturbances and low body 
mass index (BMI) in some of the affected patients [10]. Inves-
tigating thyroid function in women with PCOS is importance 
for the researchers as well as the treating physicians. There 
is no published data on thyroid functions and PCOS in Africa 
including Sudan. These contradictory views on the pattern of 
thyroid function in PCOS prompted us to conduct the present 
study, which aimed to evaluate thyroid function and hormon-
al profile in patients with PCOS. We have previously shown 
that PCOS was the main cause of female infertility in Sudan 
[11,12].  

Materials and methods

This was a case-control study carried out at Saad Abualila 
infertility center (Khartoum, Sudan) during the period of Janu-
ary to December 2014. Saad Abualila Hospital is a tertiary 
semi-private hospital governed by the Faculty of Medicine, 
University of Khartoum. Cases were women with confirmed 
PCOS based on Rotterdam criteria [3], where at least two of 
the following criteria were fulfilled: oligomenorrhoea/anovu-
lation (delayed menses >35 days or <8 spontaneous hemor-
rhagic episodes/yr), hyperandrogenism (clinical hirsutism using 
modified Ferriman-Gallwey score of ≥8 or biochemical) and 
morphology of polycystic ovaries on ultrasonography (12 or 
more follicles in each ovary measuring 2 to 9 mm in diameter, 
and/or increased ovarian volume >10 mL3).

Controls were infertile women with no evidence of PCOS 
presented to the same fertility clinic and had regular men-
strual cycles (21 to 35 days), no evidence of hirsutism and no 
polycystic ovary morphology on ultrasonography. 

Women with systemic disease (cardiovascular disease and 
diabetes mellitus), on medication for ≤6 months prior to the 
study (oral contraceptives, glucocorticoids, ovulation induc-

tion agents, and estrogenic or anti-androgenic) were excluded 
from the cases and the controls.

After signing an informed consent; the socio-demographic 
characteristics, medical and gynecological history were taken 
from each patient using a questionnaire. The detailed medical 
and gynecological history (menstrual pattern, fertility, hirsut-
ism, acne, acanthosis nigricance, scalp hair loss or thinning) 
were taken from all patients included in the study. Then full 
general and pelvic examinations were performed.

Body weight (kg), height (cm), were measured in all wom-
en. BMI was calculated by dividing the weight (in kg) by the 
squared height (m2). Ultrasonography was performed with a 
6.5 MHz frequency and vaginal transducer where presence or 
absence of ovarian cysts were conformed or excluded. If cysts 
were seen, then the volume as well as the number of small 
follicles were determined, in each ovary.

Then 5 mL of venous blood was taken from each respon-
dent, allowed to clot, centrifuged, and stored at -20°C using 
immunoassay analyzer (AIA 360, Tosoh, Tokyo, Japan), follow-
ing the manufacturer’s instructions, till the assay of the thyroid 
hormones (thyroid-stimulating hormone [TSH], free T3, and 
free thyroxine [T4]), prolactin, FSH, LH. Specific anti-TPO and 
anti-thyroglobulin (anti-TG) antibody profiles were analyzed 
using commercial ELISA (Euroimmun, Lübeck, Germany) kits 
as we described elsewhere [13].

Total cholesterol, high-density lipoprotein cholesterol (HDL), 
low-density lipoprotein cholesterol (LDL) and triglycerides 
were measured using an enzymatic colorimetric method. 
A total sample size of 55 women in each arm of the study 
groups (cases and controls) was calculated using a formula 
for the difference in the mean of the proposed variables (TSH, 
free T3, free T4, anti-TPO, and anti-TG antibodies) that would 
provide 80% power to detect a 5% difference at α=0.05 and 
which assumed that 10% of women would not respond or 
have incomplete data.

Data were entered into a computer using SPSS ver. 16.0 
(SPSS Inc., Chicago, IL, USA). Continuous data were com-
pared between the two groups (cases and controls) using t-
test and Mann-Whitney U-test when the data were normally 
and abnormally distributed, respectively. Simple linear regres-
sion models were performed where, TSH, free T3, free T4 
were continuous dependent variables and age, BMI index and 
PCOS were the independent predictors of interest. A P-value 
of <0.05 was considered significant.

The study received ethical clearance from the research board 



www.ogscience.org 189

Shaza Mohammed, et al. Thyroid function and polycystic ovary 

at the Faculty of Medicine and Health Sciences, Alneelain Uni-
versity, Khartoum, Sudan.

Results

While there were no significant differences in the age and 
haemoglobin levels of the two studied groups), BMI was sig-
nificantly higher in women with PCOS (Table 1). There were 
no significant differences in the levels of TSH, LH, FSH, LH/
FSH, testosterone, prolactin, anti-TPO, anti-TG antibodies, 
cholesterol, triglycerides and LDL between the cases and the 
controls (Table 2).

The mean±standard deviation of free T3 (3.50±0.2 vs. 
3.38±0.3 pg/mL, P=0.040) and median (interquartile) HDL 
(37.0 [34.0–42.0] vs. 35.80 [29.0–41.0] mg/dL, P=0.015) 
were significantly higher in PCOS patients compared with the 
control group (Table 2, Fig. 1). In linear regression analysis, 
presence of PCOS (0.151 pg/mL, P=0.023) and anti-TPO levels 

(-0.078 pg/mL, P=0.031) were significantly associated with 
free T3 (Table 3).

Discussion

According to the present results, free T3 was significantly 
higher among PCOS patients compared with the control 
group and inversely associated with anti-TPO levels. The find-
ing of higher free T3 among PCOS patients goes the few 
reports that documented hyperthyroidism in cases with PCOS 
[7-9], but disagree with significant number of other studies 
that repeatedly demonstrated hypothyroidism in PCOS pa-
tients [6,14-17]. 

A prospective multicenter study demonstrated a threefold 
higher prevalence of autoimmune thyroiditis in patients with 
PCOS. Measurements of thyroid parameters revealed higher 
TSH and anti-TPO antibody, but lower T3 and T4 and in PCOS 
patients compared with the control group. Further assessment 

Table 1. Mean±standard deviation of the age, body mass index, and hemoglobin in the cases and controls 

Variable Cases (n=55) Controls (n=55) P-value

Age (yr) 27.3±5.2 27.1±4.8 0.840

Body mass index (kg/m2) 28.2±5.3 25.3±5.8 0.006

Hemoglobin (g/dL) 11.0±0.6 11.0±0.7 0.716

Table 2. Median (interquartile) of the hormones and lipid profile in women with polycystic ovary syndrome and controls 

Variable Cases (n=55) Controls (n=55) P-value

Thyroid-stimulating hormone (mIU/mL) 2.48 (1.65–3.71) 2.08 (1.47–3.39) 0.424

Free tri-iodothyronine (pg/mL)a) 3.50±0.2 3.38±0.3 0.040

Free thyroxine (ng/dL)a) 1.28±0.1 1.29±0.1 0.897

Follicle stimulating hormone (IU/L) 8.4 (6.0–11.3) 8.3 (6.3–10.3) 0.423

Luteinizing hormone (IU/L) 7.7 (4.6–10.0) 6.9 (4.05–9.0) 0.303

Luteinizing hormone/follicle stimulating hormone 0.78 (0.5–1.3) 0.81 (0.45–1.36) 0.347

Prolactin (mIU/L) 12.0 (9.7–18.0) 13.80 (10.7–21.0) 0.212

Testosterone (ng/dL) 82.0 (76.0–91.0) 85.0 (75.50–3.0) 0.591

Anti-thyroid peroxidase (IU/mL) 20.0 (16.00–23.0) 20.0 (17.00–33.0) 0.285

Anti-thyroglobulin (IU/mL) 26.0 (21.0–32.0) 23.0 (21.0 –29.5) 0.262

Cholesterol (mg/dL) 200.0 (179.0–214.0) 197.0 (172.0–203.0) 0.100

Triglycerides (mg/dL) 148.0 (100.0–187.0) 123.0 (97.00–166.0) 0.129

High density lipoprotein (mg/dL) 37.0 (34.0–42.0) 35.80 (29.0–41.0) 0.015

low density lipoprotein (mg/dL) 142.0 (123.0–150.0) 132.0 (111.0–145.0) 0.062
a)Mean±standard deviation and t-test was used.
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Table 3. Linear regression analysis of factors associated with TSH, free T3, and free T4 levels  

Variable
                TSH Free T3 Free T4

Coefficient SE P-value Coefficient SE P-value Coefficient SE P-value

Age -0.028 0.027 0.297 -0.010 0.006 0.099 0.003 0.003 0.342

Body mass index -0.014 0.025 0.577 0.000 0.006 0.889 0.000 0.003 0.815

Hemoglobin -0.020 0.192 0.916 -0.011 0.048 0.820 -0.042 0.023 0.073

PCOS -0.124 0.270 0.646 0.151 0.065 0.023 0.008 0.033 0.812

FSH 0.024 0.031 0.449 0.004 0.008 0.646 0.002 0.004 0.620

LH -0.051 0.035 0.152 0.002 0.009 0.848 0.000 0.002 0.754

Prolactin -0.006 0.018 0.745 -0.002 0.004 0.623 0.000 0.001 0.913

Cholesterol 0.009 0.008 0.236 0.001 0.001 0.598 0.000 0.000 0.430

Triglycerides -0.004 0.003 0.202 0.000 0.001 0.788 -0.002 0.003 0.413

HDL 0.013 0.021 0.543 -0.006 0.005 0.221 0.001 0.001 0.465

LDL -0.004 0.009 0.671 0.000 0.001 0.914 0.002 0.013 0.896

Testosterone -0.023 0.193 0.918 -0.012 0.049 0.821 -0.043 0.024 0.074

TSH 0.026 0.025 0.305 0.002 0.013 0.896

Free T3 0.576 0.413 0.166 0.123 0.050 0.015

Free T4 0.108 0.823 0.896 0.438 0.198 0.029

Anti-TPO 0.156 0.155 0.318 -0.078 0.036 0.031 0.034 0.019 0.073

Anti-TG 0.396 0.534 0.461 -0.171 0.133 0.200 -0.055 0.066 0.407

TSH, thyroid-stimulating hormone; T3, tri-iodothyronine; T4, thyroxine; SE, standard error; PCOS, polycystic ovary syndrome; FSH, follicle 
stimulating hormone; LH, luteinizing hormone; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; TPO, thyroid 
peroxidase; TG, thyroglobulin.

P=0.424 P=0.040
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of hormonal status showed significantly increased FSH, LH, 
FSH/LH, testosterone and estradiol in PCOS patients; however, 
progesterone levels were comparable between the test and 
the control groups [6]. Based on evaluation of the homeostat-
ic model assessment insulin resistance index, the degree of 
insulin resistance was higher among PCOS patients; however, 
the study did not assess other indicators of glycemic control 
or lipids profile among the affected patient [6]. In a Chinese 
study, the functions of the pituitary, ovary, adrenal cortex and 
thyroid gland were assessed in healthy controls and two sub-
sets of PCOS patients with LH/FSH ≥ or <3 respectively [14]. 
Following TRH administration, exaggerated responses of TSH 
and prolactin were noted in the two PCOS groups; however, 
there was blunted free T4 response in those with LH/FSH ≥3 
compared with the controls. The study suggested increased 
risk of subclinical hypothyroidism in PCOS patients with LH/
FSH ≥3. In a comparable Italian study, administration of anti-
dopaminergic drug preferentially increased basal secretion 
prolactin and TSH in PCOS patients compared to normal con-
trols, while levels of LH and FSH remained unchanged [15]. 
The study suggested depressed hypothalamic dopaminergic 
activity in PCOS patients. The abnormal regulation of prolactin 
and thyroid function was also demonstrated in another two 
Turkish [16] and Russian [17] studies. 

High prevalence of autoimmune thyroiditis and goiter were 
demonstrated among PCOS patients studied by Sinha et al. [7]. 
Interestingly, Sinha et al. [7], results also showed increased lev-
els of T3 anti-TPO antibody among PCOS patients, which was 
similar to our present findings. High thyroid hormones sec-
ondary to Graves’ disease levels were also demonstrated in six 
PCOS ladies attending an endocrinology clinic in north India 
[8] and another Asian lady visited the Hospital of Gyeongsang 
National University, South Korea [9]. The association of an in-
frequent pathology like Graves’ disease with a fairly common 
condition like PCOS is unlikely accidental and should motivate 
researchers to investigate more in this field.

Noteworthy, the BMI of the PCOS patients we studied was 
higher than the controls. In addition, serum lipids were ap-
parently higher in PCOS patient than healthy control group; 
however, only HDL achieved statistical significance. It has 
been hypothesized that obese PCOS patients are at higher 
risk of insulin resistance and hyperandrogenism than normal-
weight PCOS women [18]. A review 30 eligible studies aiming 
to evaluate the effects of high BMI on the metabolic features 
of PCOS showed that; in comparison with non-obese, obese 

women with PCOS had increased androgens, fasting glucose, 
fasting insulin, homeostatic model assessment insulin resis-
tance index and worsened lipid profile [19]. In another review 
article, Cibula showed evidences that patients with PCOS are 
likely to have insulin sensitivity comparable with healthy sub-
jects if both groups were meticulously matched for the possi-
ble confounding factors [20]. In the present study, there were 
no differences between PCOS patients and the control groups 
regarding the hormones known to predominate in PCOS, in 
addition to other sociodemographic characteristics. This well 
matching among the groups we studies may preclude pres-
ence of insulin resistance in our PCOS patients based on Cib-
ula hypothesis and hence explains the comparable lipid profile 
in our study groups. However, another question remained for 
further investigations and researches; why TSH, LH, FSH, LH/
FSH, testosterone, prolactin, anti-TPO and anti-TG antibodies 
were not significantly different in the PCOS and the control 
groups we studied?

Evaluation of iodine homeostasis is essential in studies as-
sessing thyroid functions, a fact that makes absence of serum 
and/or urine iodine measurements a potential limitation of 
this study. However, significantly increased T3 in the PCOS 
patients compared with the control we studied exclude iodine 
insufficiency as a probable cause of thyroid over activity in the 
first group. Moreover, fasting insulin and glucose levels, if as-
sessed among the studied groups, could have indicated the 
state of insulin sensitivity/resistance among PCOS patients we 
evaluated [21].

The present study demonstrated significantly higher T3 
among PCOS patients compared with the healthy controls, 
which add evidence to the few reports that confirmed the 
association between PCOS and hyperthyroidism. Failure of 
the present data to show significant differences in TSH, LH, 
FSH, LH/FSH, testosterone, prolactin and thyroid antibodies 
between PCOS patients and the control group remains for 
further investigations by researchers in the field.
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