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 Thyroid hormones and leptin is a perfect pair that maintains homeostasis of metabolic 
profile and abnormality in thyroid hormone levels potentiates insulin resistant state. The 
intriguing relationship between obesity and hypothyroidism is related by the key element leptin 
leading to consequent clinical implications.  The severity of insulin resistance in hypothyroid 
and adipocytokine levels relate to the chance of pregnancy in infertile women. To assess the 
Leptin, insulin resistance and HOMA-adiponectin in Hypothyroid infertile women. It is an 
Observational Cross-sectional work conducted in women with 20 to 40 years of age. About 180 
infertile females were screened at the Obstetric& Gynecology OPD. 86 married women were 
categorized as groups: Euthyroid (A) –included fertile women who had TSH and FT4 within 
normal reference range.  Subclinical Hypothyroidism (B) - infertile women with raised TSH 
ranging from 4.6 – 20 mIU/ml and normal FT4 Overt hypothyroid (C)- included infertile women 
with elevated TSH greater than 20 mIU/ml and decreased free T4 level. Measurement of adiposity 
indices that includes calculated parameters such as BMI, WHR, waist circumference / height 
ratio and body roundness index. Fasting serum sample was collected and analysed for FT3, FT4, 
TSH, prolactin, insulin. Using Biovendor and DRG Human kit based on ELISA; Adiponectin and 
Leptin levels was estimated respectively. HOMA-IR and HOMA-adiponectin were calculated. 
Mean Leptin concentrations and HOMA-adiponectin were significantly increased (p < 0.01) 
in Overt hypothyroid infertile women as compared to euthyroid and subclinical hypothyroid 
infertile women. Leptin had significantly positive correlation with TSH, FT3/FT4 ratio whereas 
negatively correlated with FT4. Significant positive correlation was observed with HOMA-IR and 
HOMA- adiponectin in hypothyroid infertile women. The study concludes that in hypothyroid 
infertile women having high leptin levels with reduced insulin sensitivity as related with 
increased HOMA-adiponectin. Analysis of thyroid profile, insulin sensitivity state along with 
leptin is mandatory to regulate ovulatory process in infertile women
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 The estimate of overall prevalence 
of primary infertility in India is between 3.9 
to 16.8% as per World Health Organization 
(WHO)1.  According to the Indian Society of 
Assisted Reproduction, about 10 to 14 % of 
the Indian populations have infertility. Thyroid 

dysfunction is quite common in females and 
contributes to ovulatory dysfunction and aberrant 
function of Hypothalamic-pituitary-Ovarian axis. 
Hypothyroidism and hyperprolactinemia have 
profound effects on menstrual cycle, ovulatory 
process, fecundity and pregnancy 2, 3
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	 The	routine	evaluation	of	thyroid	profile	
in infertile women is mandatory since satisfactory 
levels of the circulating thyroid hormones are 
crucial for energy consumption, various metabolic 
pathways and continuation of normal reproductive 
function. Thyroid dysfunction has greater impact 
on the reproductive process affecting the fertility 
of the women. It is possible to identify the clinical 
condition of Hypothyroidism or Hyperthyroidism 
by	early	evaluation	of	thyroid	profile	in	infertile	
women thereby can reverse the impact. It has been 
reported that individuals with excess of  truncal 
adipose tissue are associated with abnormal thyroid 
hormone levels 4.There exists an intriguing link 
between thyroid hormones and obesity, which is 
supported by the explanation of decreased tissue 
responsiveness to thyroid hormones in obese 
individuals and also leptin is said to play a potential 
mechanism in this regard5. 
 Adipocytokines is said to have a putative 
role linking the balance of energy homeostasis and 
reproductive function. Leptin is a 28 KDaob gene 
product which regulates TRH gene expression 
and directs normal functioning of the thyroid 
axis Leptin is regulated by a wide range of 
inflammatory	mediators	such	as	TNF-á,	IL-6	and	
IL-1â. Accumulation of excess adipose tissue 
mediates	an	inflammatory	environment	and	leptin	
production is induced 6. Adiponectin is a 30 KDa 
protein encoded by ADIPOQ gene. Adiponectin 
is interrelated in energy metabolism as a molecule 
of insulin sensitizer, anti-atherogenic and anti-
inflammatory properties. Reduced adiponectin 
concentration is very much implicated in insulin 
resistant state. Obesity is associated with decreased 
expression of AdipoR1 and AdipoR2 and impaired 
adiponectin signaling in adipose tissue is the 
possible mechanism responsible for reduced insulin 
sensitivity 7.
 Thyroid hormones and leptin is perfect 
pair that maintains weight and energy expenditure. 
Moreover Leptin is an appetite regulator that 
controls	metabolic	 efficiency	 and	 body	weight	
regulation	through	its	strong	influence	on	HPA-T	
axis8. Abnormality in thyroid hormones levels 
affects the metabolic spectra which potentiates 
the alteration in metabolism contributing to the 
pathogenesis of insulin resistant state 9.
	 There	 exists	 obscure	 finding	 about	 the	
exact pathology between thyroid dysfunction 

and insulin resistance but adaptive response 
exhibits a key role 10. The conflicting data’s 
suggest that thyroid hormone levels are associated 
with energy expenditure and adiposity has its 
consequences ending to insulin resistance. Adipose 
tissue is considered as an endocrine organ that 
secretes biologically important molecules called 
Adipocytokines with multiple metabolic functions. 
The intricate interaction between thyroid hormones 
and adipocytokines has to be elucidated that 
potentiates the link to reproductive process.

Materials and Methods

 Current work is an observational study 
conducted in theInfertility clinic, Department of 
Obstetrics and Gynecology. Hundred and thirteen 
female participants between the age group of 20 to 
40 yrs were selected for the study after getting the 
approval from the Institutional Ethical Committee. 
The study was conducted after giving the full 
explanation of the study to the selected women 
who then signed the informed written consent.
 The participants were selected as per the 
inclusion criteria with (i) history of atleast 1 year 
of infertility (ii) Male partner with normal semen 
analysis. The participants were examined by the 
gynecologist and diagnosed as primary infertility. 
Thyroid	profile	was	done	for	all	 the	participants	
and	 according	 to	National	Health	 and	Nutrition	
examination survey III, were categorized into 3  
groups:
Group	A:	(n	=	30)	Euthyroid	–	Fertile	women	with	
normal TSH levels (0.39 – 4.6 mIU/ml)
Group B: (n = 36) Subclinical Hypothyroidism - 
Infertile women with TSH levels (4.6 - 20 mIU/
ml)	&	normal	FT4	levels.
Group C: (n = 20) Overt Hypothyroidism - Infertile 
women with TSH levels (> 20 mIU/ml) and low 
FT4	levels.
 Acco rd ing  t o  WHO gu ide l i ne s 
prolactin levels > 25 µg/ L is categorized as 
hyperprolactinemia. Infertile with anatomical 
defects, tubular blockage, endometriosis, genital 
TB, renal disease, liver disease or cardiac disease 
and hyperthyroid disorder were excluded from the 
study.
 After overnight fasting with all aseptic 
precautions venous blood sample was drawn for 
evaluation	of	 	Free	T3,	Free	T4,	TSH,	Prolactin	
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table 1. Comparison of Anthropometric indicators between subclinical, overt hypothyroid infertile 
and euthyroid individuals

Parameters  Euthyroid  Subclinical  Overt  P value
 (n = 30) hypothyroidism  hypothyroidism 
  (n = 36) (n = 20)

Age  30.52 ± 5.75 26.62 ± 3.83 29.15 ± 4.46 0.0109
Weight (kg) 58.94 ± 8.51 59.36 ± 7.79 66 ± 5.93 0.003
Height	(m)	 1.55	±	0.036	 1.54	±	0.036	 1.54	±	0.03	 NS
BMI 24.78 ± 3.63 24.73 ± 3.26 27.81 ± 2.642 0.002**
WC (cm) 83.48 ± 3.79 86.15 ± 3.28 88.35 ±4.055 0.0001*
HC (cm) 102.06 ± 6.47 102.46 ± 4.72 106.15 ± 5.38 0.02
WHR 0.838 ± 0.044 0.84 ± 0.03 0.83 ± 0.032 0.04
Wc/Ht 0.422 ± 0.178 0.556 ± 0.033 0.57 ± 0.035 0.0001***
Body roundness  3.274 ± 0.05 3.48 ± 0.048 4.91 ± 0.041 0.0001***
Index

Values are expressed in Mean ± Standard Deviation. 
*P	value<	0.05	is	considered	significant.
NS-Not	significant.	***Very	Highly	significant	**Highly	Significant.

table 2. Comparison of Biochemical parameters between subclinical, overt 
hypothyroid infertile and euthyroid individuals

Parameters  Euthyroid  Subclinical  Overt  P value
 (n = 30) hypothyroidism  hypothyroidism 
  (n = 36) (n = 20)

FT3	(pg/ml)	 3.12	±	0.485	 2.84	±	0.78	 1.719	±	0.89	 0.0001***
FT4	(ng/dl)	 1.074	±	0.15	 1.102	±	0.417	 0.565	±	0.295	 0.0001***
FT3/FT4	ratio	 2.80	±	0.57	 2.798	±	0.97	 5.025	±	3.83	 0.0001***
TSH (µIU/ml) 2.79 ± 0.904 8.857 ± 4.07 53.949 ± 34.67 0.0001***
Prolactin (ng/dl) 10.31 ± 2.68 22.759 ± 12.3 34.939 ± 23.07 0.0001***
Leptin(ng/ml) 19.15 ± 1.99 31.87 ± 15.984 42.54 ± 10.275 0.0001***
Adiponectin (ìg/ml) 12.8 ± 2.77 7.6 ± 2.71 6.47 ± 1.88 0.0001***
HOMA-IR 1.89 ± 0.44 2.56 ± 0.9 2.81 ± 1.11 0.0004**
HOMA-adiponectin 0.09 ± 0.03 0.44 ± 0.4 0.52 ± 0.38 0.0001***

Values are expressed in Mean ± Standard Deviation. 
*P	value<	0.05	is	considered	significant.
NS-Not	significant.	***Very	Highly	significant	**Highly	Significant.

using dedicated standard reagent kits in the 
instrument Vitros based on enhanced CLIA assay. 
Serum Leptin levels were assayed with DRG 
Human Leptin 96 well ELISA kit.. The expected 
normal serum leptin levels in lean women is 3.7 – 
11.1 ng/ml. Biovendor Human Adiponectin 96 well 
ELISA kit was utilized to measure Adiponectin. 
Normal	Adiponectin	levels	in	females:	BMI	<	23:	
8.2 – 19 ìg/ml.
Calculated parameters
Calculation	of	Insulin	Resistance	=	(Fasting	Insulin	
ìU/	ml	x	Fasting	glucose		mg/dL	)	/	405

1.	HOMA-IR	=	Fasting	Insulin(ìIU/	ml)	multiplied	
with fasting glucose (mg/dl) divided by numerical 
405.
2. HOMA- Adiponectin11 = HOMA-IR divided 
by adiponectin. HOMA-Adiponectinis used for 
screening insulin resistance and cut-off value for 
reference is 0.95  
anthropometric measurements
1. Body mass index: Body weight was measured 
to the nearest kilogram using a standard weighing 
scale. Height was measured in meters.
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table 3. Correlation analysis of Leptin with Variables in infertile subclinical and overt 
hypothyroid women

Parameters                           Subclinical hypothyroidism                       Overt hypothyroidism 
                                  (n = 36)                                  (n = 20)
LEPTIN	 r	value	 P	value	 r	value	 P	value

FT3	(pg/ml)	 -	0.09 a NS	 	-	0.23a < 0.05
FT4	(ng/dl)	 -	0.11 a 0.017  - 0.31 b 0.01
FT3/FT4	ratio	 +	0.42	 0.005	 +	0.54		 0.002
TSH	µIU/ml	 +	0.45 b 0.0078	 +	0.57	c 0.002
Prolactin	(ng/dl)	 +	0.34 b 0.019	 +	0.46	b 0.01
HOMA-IR	 +	0.54 c 0.001	 +	0.76c 0.0001
HOMA-Adipo	 +	0.68 c 0.001	 +	0.67 c 0.001

Correlation Small (0.1–0.3) Medium (0.3–0.5) Strong (0.5–1.0).
a shows less correlation
b Shows strongest correlation. 
c	Indicates	highly	significant.

Fig. 1. Linear relation between leptin, HOMA-IR and HOMA- Adiponectin

2. WHR – Waist circumference and hip 
circumference were measured to the nearest 0.5 
cm with a non-stretchable measuring tape.
WC – was measured in the midway section between 
the lower margin of the ribs and iliac crest. 
HC – was measured at the cut-off levels of the 
greater trochanter.
3. WC/Ht ratio: is calculated as waist circumference 
in cm / height in cm.
4. Body roundness index12 was calculated as BRI 
= 364.2 – 365.5 X SQRT  1 – (WC / 2ç)2 (0.5 Ht)2

 Body roundness Index serves as improved 
indicator of obesity that combines height and waist 
circumference and predicts the body fat percentage 
and visceral adiposity 13

statistics
 All the statistical data analysis was done 
with SPSS version 16.0 (SPSS inc). The values 
were documented as mean and standard deviation; 
and	compared	by	ANOVA.	p	value	of	0.05	was	
considered	as	statistically	significant.	Correlation	
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analysis was performed to assess the correlation 
between variables.

results

 In the present study about 180 infertile 
women attending the infertility clinic were screened 
and 56 were found to have hypothyroidism. They 
were further categorized as subclinical hypothyroid 
and	 overt	 hypothyroid	 based	 on	 FT4	 and	TSH	
levels; and compared with 30 healthy fertile 
females.
 The average duration of infertility was 
3.76 years in subclinical hypothyroid and 5.27 
years in overt hypothyroid infertile females. As 
presented in Table (1) anthropometric indicators 
were compared between subclinical hypothyroid, 
overt hypothyroid and fertile females. Statistical 
significant	difference	was	observed	with	adiposity	
indicators such as WC, WC/Ht ratio and body 
roundness index in hypothyroid infertile females.
 Table (2) summarizes the comparison of 
thyroid hormones, prolactin, leptin and adiponectin 
between the groups. Among the  infertile females 
64.3% had subclinical hypothyroidism with TSH 
levels	between	4.6	to	20	µIU/ml	with	normal	FT4	
levels; and 35.7% were overt hypothyroid with 
TSH	levels	>	20	µIU/ml	and	low	FT4	levels.	Likely	
prolactin levels were elevated in overt hypothyroid 
infertile females. 
 The mean leptin levels were 42.54 ± 
10.27 ng/ml and adiponectin levels were 6.47 ± 
1.88 ìg/ml in overt hypothyroid and statistical 
significant	difference	was	observed	in	comparison	
with subclinical hypothyroid infertile and healthy 
fertile females respectively. As in Table (3) 
Pearson correlation analysis applied to these 
parameters, correlation of leptin revealed positive 
correlation with BMI, TSH and prolactin levels in 
subclinical and overt hypothyroid infertile females. 
As summarized in the table, leptin had negative 
correlation	with	FT4	and	positive	correlation	with	
TSH	and	FT3/FT4	 ratio.	Further	 leptin	 revealed	
statistically	significant	correlation		with	HOMA-
IR and HOMA-adiponectin as measure of insulin 
resistance	(fig	1).

disCussion

	 Female	 infertility	 accounts	 to	 37%	 of	

infertile couples and hypothyroidism is one of 
the most common thyroid diseases that cause 
abnormality of the regulatory processes in the 
female reproductive cycle. Adipocytokines 
serve as an important link that is involved in 
ovulatory menstrual cycle, embryo implantation 
and continuum of pregnancy. The fact that there 
exists vicious cycle around hypothalamus, leptin 
and adiposity that has its impact on the normal 
reproductive process 14. Leptin may be considered 
as a reliable marker to assess the severity of thyroid 
dysfunction and disturbed ovulatory process. 
Present study therefore is focused on the objective 
of evaluating the association between serum leptin 
levels with adiposity indicators and markers of 
insulin resistance in hypothyroid infertile females.
 Thyroid hormones and lept in is 
perfect duos in maintaining weight and energy 
expenditure. As a consequence of external factors 
like overfeeding, sedentary lifestyle and decreased 
physical activity leads to adiposity. Leptin 
production is induced by the mature adipocytes as 
regulated	by	inflammatory	environment	as	created	
by the visceral adipose tissue 15. Our study is in 
accordance to support 16 the relation between leptin 
and adiposity that females with SCH and overt 
hypothyroidism had elevated leptin levels with 
increased waist circumference, BMI, WC/Ht ratio 
and BRI.
 As suggested by other review authors, 
satisfactory level of leptinsignalling is required 
to maintain TRH expression in Hypothalamic 
- Paraventricular nucleus which is essential for 
normal TSH and Thyroid hormone production 
by Thyroid gland 17. Moreover TSH receptors are 
expressed in the adipose tissue indicating its role 
in the regulation of adipocytokines18. In our study 
positive correlation was observed between leptin 
and TSH which indicates the effect of TSH on 
leptin secretion by the adipose tissue. Our study 
uniquely	evaluated	 the	Leptin	 	 to	FT3/FT4	ratio		
highlights the putative role of leptin in peripheral 
conversion	of	T4	to	T3	by	influencing	the	enzyme	
deiodinase19. Actually risk factors like obesity leads 
to leptin resistance which decreases the peripheral 
conversion of T4 to T3 but increases reverse T3 this 
in turn blocks further peripheral conversion to T3 
and aggravates hypothyroid state 20. 
	 Normally	thyroid	hormones	are	involved	
in glucose metabolism. Also expression and 
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activation insulin and insulin like growth factor 
receptors in thyroid cells are promoted by TSH 20. 
Present study revealed the positive correlation of 
leptin with insulin resistance indices in hypothyroid 
females that emphasizes the synergistic effect over 
impaired ovulatory function. This is supported by 
the study in PCOS women in which there exists 
association between TSH concentration and insulin 
resistance 21. 
 As per the correlational analysis, we 
observed significant correlation of leptin with 
HOMA- adiponectin, which is one of the insulin 
resistance	indices	that	take	account	of	the	beneficial	
adipocytokineadiponectin. Obesity is associated 
with reduced expression of adiponectin receptors 
that leads to impaired adiponectinsignalling in 
the adipose tissue which is implicated to reduced 
insulin sensitivity 22. This study forms the platform 
for the researchers to study the adipocytokine 
profile	 before	 and	 after	 life	 style	modification;	
thereby assess the occurrence of ovulation. Also the 
Clinicians are directed the right pathway to advice 
life	style	modifications	primarily	and	followed	by	
therapeutic implications.
 This study concludes that individuals 
with excess adipose tissue have elevated leptin 
levels contributing to leptin resistance. This in turn 
influences	 and	 aggravates	 insulin	 resistant	 state	
as noted by HOMA-IR and HOMA-adiponectin 
and further leads to disturbed ovulatory process 
affecting the normal reproductive physiology.

ConClusion

 High Leptin level is evident in hypothyroid 
infertile women. Leptin relates with insulin 
resistant state and increased HOMA-adiponectin 
in hypothyroid women elucidates the importance 
of adiponectin in reproductive process. Thyroid 
profile work out is mandatory for all infertile 
women and subsequent treatment withlife style 
modification	 to	be	 inculcated	 in	women	 thereby	
insulin sensitivity is promoted and the chance of 
conception and normal reproductive process is 
maintained.   
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