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Introduction
Obesity is a worldwide health problem and its prevalence is 
increasing steadily all over the globe. Obese subjects are at 
increased risk of acquiring dyslipidemia, elevated blood pres-
sure, impaired glucose metabolism, and eventually cardiovascu-
lar and metabolic diseases. The last national survey on obesity 
and its associated risk factors in the Kingdom of Saudi Arabia 
showed a significant increase in the overall rate of overweight 
and obesity among the Saudi population with a rate of 33.7 %, 

making it the world’s 15th most obese country with a preva-
lence of 52.9%.1 The gender distribution of the same study 
showed that the rate of obesity was 67.5% in women and 38.2% 
in men.1 The prevalence is likely to continue to increase as 
more people are adopting a sedentary lifestyle and continue to 
consume poor-quality food. The pathophysiology of obesity is 
complex and is still poorly understood, nonetheless, the major 
causes include genetic, environmental, behavioral, dietary, 
endocrine causes, medications, and psychological factors.
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ABSTRACT

BACkgROuNd/OBjECTIvES: Thyroid function tests (TFTs) changes in obese people have been studied with increasing interest, however, 
studies have been inconsistent hence it remains poorly understood. We compared the TFTs of morbidly obese euthyroid Saudi subjects with 
non-obese controls and then we examined the influence of leptin, adiponectin, and insulin resistance on TFTs.

SuBjECTS/METhOdS: Fifty-five euthyroid obese subjects attending bariatric surgery clinic and 52 non-obese age-and gender-matched 
controls were recruited. We measured body weight, BMI, body composition, thyroid-stimulating hormone (TSH), Free T4 (FT4), Free T3(FT3), 
thyroid antibodies, fasting leptin, adiponectin, and lipid profile. Insulin resistance was quantified by HOMA-IR. Data are presented as 
mean ± SEM.

RESuLTS: Mean BMI was 45.6 ± 1.5 and 23.2 ± 0.5 kg/m2, for the obese and non-obese controls, respectively, P  value < 0.001. Mean TSH 
was 2.7 ± 0.18 mIU/L in obese subjects and 1.7 ± 0.13 mIU/L (0.27-4.2) in the non-obese controls, respectively, P value .014. Mean FT3 was 
3.9 ± 0.1 pmol/L (3.1-6.8) in obese subjects compared to 5.0 ± 0.1 pmol/L in non-obese controls, respectively, P value 0.001, however, FT4 
was similar in the 2 groups. In the whole group (N = 107), BMI correlated positively with TSH and negatively with FT3. Leptin correlated nega-
tively with both FT4 and FT3 in the non-obese group only while none of the TFTs correlated with HOMA-IR or adiponectin in either group. 
Binary logistic regression showed that each 1 unit increase in TSH increased the odds of becoming obese by 12.7, P value 0.009, 95 C.I. 
(1.9-85.0). Conversely, each - unit increase in FT3 decreased the odds of becoming obese by 0.2, P value 0.023, 95% C.I. (0.05-0.80).

CONCLuSIONS: We report a small increase in TSH and a small decrease in FT3 within the normal range in obese subjects compared to 
non-obese controls. We also report a positive correlation between TSH and BMI with increased odds ratio of becoming obese with the 
increase in TSH and decrease in FT3. These changes may be either causally related or adaptive to the obesity state. FT4 and FT3 seem to 
correlate with leptin (but not with adiponectin or HOMA-IR) in the non-obese controls only. Larger mechanistic studies are needed to further 
elucidate the interesting association between obesity and TFTs.
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The role of thyroid hormones in regulating adipose tissue 
metabolism in humans has been evaluated with growing inter-
est over the past decades, not only for better understanding of 
the pathogenesis of obesity but also for therapeutic implica-
tions and future drug discoveries. An elevated serum level of 
thyroid-stimulating hormone (TSH) which is associated with 
triiodothyronine (T3) values in or slightly above the upper nor-
mal range, is frequently found in obese subjects, especially 
those with severe morbid obesity (BMI ⩾ 40).2-4 The underly-
ing mechanism for this elevation in TSH is still unclear with 
proposed explanations such as it might be an adaptive mecha-
nism to increase the metabolic rate and decrease further weight 
gain as suggested by some authors.4,5 Alternatively, TSH eleva-
tion has been suggested to represent a state of thyroid hormone 
resistance at the pituitary level, however, the response of TSH 
to thyrotropin-releasing hormone (TRH) stimulation test has 
been inconsistent.4 Thyroid autoimmunity is another potential 
explanation for thyroid dysfunction in the obese subjects since 
there is a link between obesity and thyroid autoimmunity that 
has been described in several studies with the possibility that 
obesity enhances the risk of thyroid autoimmunity.3,6 Another 
possible explanation with increasingly growing body of evi-
dence is the central effect of leptin on TRH, where leptin mod-
ulates TRH gene expression in the paraventricular nucleus of 
the hypothalamus.7-9 Leptin is a protein product of the obese 
gene (OB) and is expressed primarily by adipocytes.10 Leptin 
has a major influence on energy balance by suppressing food 
intake and inducing weight loss.11 Leptin concentration is pro-
portional to the amount of total adipose tissue and weight loss 
results in a decrease in serum leptin level.12 Most studies that 
examined weight loss in obese subjects have reported a decrease 
in serum TSH and T3 levels that may be explained by a decline 
in serum leptin levels.13-15 Besides, alterations in peripheral 
thyroid metabolism may also contribute to decreased serum T3 
levels.8 However, studies have been inconsistent with regards to 
the relationship between leptin and thyroid function and fur-
ther studies are still needed to clarify this relationship.

Adiponectin is another protein produced exclusively by adi-
pocytes.16 It is present in the circulation in abundant amounts 
and plays an important role in energy metabolism.16,17 As 
opposed to leptin, serum concentrations of adiponectin decreased 
in states of insulin resistance such as obesity and type 2 diabe-
tes.18,19 In obese subjects, adiponectin levels correlate negatively 
with BMI, body fat mass, serum leptin concentrations, fasting 
insulin levels and insulin resistance.20 Adiponectin has been 
implicated in hypothalamo-thyroidal axis regulation by some 
but not all studies, therefore, this relationship has not yet been 
well defined and requires further clarification.19-21 Interestingly, 
adiponectin exhibits important antihyperglycemic, antiathero-
genic, and anti-inflammatory properties, which could have an 
important implication on the development of therapies for the 
treatment of obesity and obesity-related diseases.22 Since both 
leptin and adiponectin are differentially expressed in obesity, and 

both are implicated in the regulation of the hypothalamus-thy-
roidal axis regulation, it makes sense to study thyroid function in 
conjunction with these adipocytokines. Despite the very high 
prevalence of obesity in Saudi Arabia yet very few studies were 
caried out to examine the interesting relationship between thy-
roid function and obesity in euthyroid subjects in more depth 
with very few exceptions.23

Objectives
The objectives of this study were to examine the effect of obe-
sity on thyroid function tests and to explore the relationship 
between thyroid function and adipose tissue metabolism 
parameters, namely, leptin, adiponectin, and parameters of 
insulin resistance in euthyroid obese Saudi subjects attending 
the bariatric surgery clinic and comparing them with non-
obese controls.

Subjects and Methods
This was an observational study that included euthyroid Saudi 
subjects with morbid obesity visiting the bariatric surgical clinics 
at King Fahad Medical City (KFMC), and King Saud University 
Medical City (KSUMC), Riyadh, Saudi Arabia. The inclusion 
criteria for the obese group were as follows: age ⩾ 18 years, 
healthy male or female, BMI ⩾ 30 kg/m2. Exclusion criteria 
were: pregnancy, history of thyroid disease, use medications that 
may influence thyroid function such as thyroxine, amiodarone or 
lithium, diabetes, significant cardiovascular disease, presence of 
any clinically significant abnormalities on physical examination, 
and presence of positive thyroid autoantibodies (thyroperoxidase 
(TPO) antibodies, thyroglobulin (Tg) antibodies, and anti-TSH 
receptor antibodies). Inclusion criteria for the non-obese con-
trols were as follows: Healthy male and female, BMI < 30 kg/m2, 
visiting family medicine clinic at KFMC. Exclusion criteria for 
the non-obese controls were the same as outlined above for the 
obese group. The non-obese control group were matched for age 
and gender with the obese subjects.

Demographic data including age, gender, and educational 
level were collected. Anthropometric measurements including: 
weight (kg), height (meters), waist circumference (centimeters), 
systolic and diastolic blood pressure (mm Hg) were measured 
by trained staff nurses using standard procedures. Weight (Kg) 
was measured using an international standard scale (Digital 
Pearson scale, ADAM Equipment Inc., Oxford, CT, USA). 
Height and waist and circumference (measured to the nearest 
0.5 cm) were measured utilizing a standardized measuring tape. 
Body mass index (BMI) was calculated as follows: weight in 
kilograms divided by height in square meters. Blood pressure 
(measured in mmHG) was measured by a trained registered 
nurse twice after being seated for 10 minutes using a standard 
conventional sphygmomanometer and the average of the 2 
readings was recorded. Fat mass percent (% Fm) was measured 
by body composition analyzer (In Body 720 Body Composition 
Analyzer).
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Venous Blood samples were collected for all the tests in 
standard tubes according to the guidelines of clinical laboratory 
standards institute (CLSI) in the morning, between 8 and 
10 am, after a fasting period of 8 hours. These samples were 
used to quantify Thyroid Stimulating Hormone(TSH), free 
thyroxine (FT4), free triiodothyronine (FT3), thyroperoxidase 
(TPO) antibodies, thyroglobulin (Tg) antibodies, anti-TSH 
receptor antibodies, serum adiponectin, serum leptin, fasting 
blood glucose, glycated hemoglobin (HbA1c), fasting insulin 
levels and fasting lipid profiles (Total cholesterol, low-density 
lipoprotein (LDL), high-density lipoprotein (HDL), and tri-
glyceride levels (TG)). Insulin sensitivity was calculated based 
on the Homeostasis Model Assessment-Insulin Resistance 
(HOMA-IR) formula: fasting plasma insulin (mU/l) X fasting 
plasma glucose (mmol/l)/22.5.24

Informed consent

The protocol was approved by KFMC Institutional Research 
Board (IRB), the approval number was 13-029. All the subjects 
received detailed information about the study and signed writ-
ten informed consent. The consent form was written in the 
native Arabic language.

Statistical analysis

Using a statistical power of 0.8, the estimated sample size was 
100 subjects, 50 subjects in each group. The enrollment of the 
subjects was based on first come first selected based on the 
above inclusion and exclusion criteria. The data were analyzed 
using SPSS software version 23.0 (SPSS Inc., Chicago, IL, 
USA). Continuous data were analyzed using the independent 
student t-test. Pearson’s correlation coefficient or spearman’s 
correlations were used to test correlations between the different 
biomarkers as appropriate. Binary logistic regression analysis 
was used to test the association between the obesity status (yes/
no) as the dependent variable and other explanatory variables. 
Multivariate regression analysis for the obese and non-obese 
controls, each separately to examine the determinants of thy-
roid function tests among the different explanatory variables. 
Statistical significance was set at P value ⩽ 0.05. Data are pre-
sented as mean ±SEM.

Laboratory methods

Serum TSH, FT4, and FT3 were estimated using commer-
cially available kits by Roche Elecsys Modular Analytics 
Cobas e411 utilizing electrochemiluminescence immunoassay 
(Roche Diagnostics, Mannheim, Germany). The functional 
sensitivity of this kit to measure TSH was 0.014 mIU/mL. 
The normal reference range for TSH was (0.27-4.20 mIU/ml, 
for FT4 was (12-22) pmol/L and for FT3 was (3.1-6.8 pmol/L, 
respectively. TPO antibodies were also measured using com-
mercially available ELISA kits (Bio-Line S.A, Brussels, 

Belgium) with a sensitivity of 1.4 U/ml (intra- assay variability 
6.9%; inter-assay variability 13.4%). Total cholesterol, LDL, 
HDL, TG levels were measured by enzymatic methods.25 The 
plasma glucose levels were estimated using the glucose-oxi-
dase peroxidase (GOD-POD) method with the glucose 
GOD-POD kit and results were presented in mmol/L. 
Glycated hemoglobin HbA1C was measured from venous 
blood samples collected following overnight fast using the 
chromatographic based method (Marquart et  al, 1980). The 
serum insulin level was measured using an enzyme-linked 
immunosorbent assay (ELISA) kit (LDN, Germany) and its 
values are reported in μIU/ml.

Leptin and adiponectin assays

Five milliliter of the venous blood sample was taken from the 
study subjects at baseline. Blood samples collected from study 
participants were refrigerated and centrifuged at room tem-
perature. Serum samples were stored at −80°C until assayed at 
a later date. Serum leptin and adiponectin levels were deter-
mined using a quantitative sandwich enzyme immunoassay 
technique (DRG Diagnostics, GmbH, Germany). Samples 
were assayed in triplicates for both Leptin and adiponectin. 
Results were expressed as mean ± SEM. The functional sensi-
tivity of the kit to measure adiponectin was 0.2 ng/ml, whereas 
the functional sensitivity for measurement of leptin was 0.7ng/
ml. the normal level for leptin using the DRG kit was 
3.84 ± 1.79 for males and 7.36 ± 3.73 for females respectively.

Results
The mean BMI was 45.6 ± 1.5 kg/m2 and 23.2 ± 0.5 kg/m2, for 
the obese and non-obese subjects, respectively, P value < 0.001. 
The baseline characteristics of the study population are shown 
in Table 1. No differences in the gender and mean age were 
found between obese and non-obese controls, P value 0.35. 
The obese subjects had significantly higher waist circumfer-
ence, Fat mass, fasting glucose and lower HDL-Cholesterol 
and marginally higher triglycerides, compared to the non-
obese controls, respectively. However, the two groups had simi-
lar HbA1c, total cholesterol, and LDL-cholesterol (Table 1).

The mean TSH was significantly higher in the obese group 
compared to the non-obese controls, 2.7  ± 0.8 versus 
1.7 ± 0.13, P value 0.014, respectively (Table 2). FT3 was sig-
nificantly lower in the obese group compared to the non-obese 
controls, 3.9 ± 0.1 versus 5.0 ± 0.1, respectively, P value 0.001, 
however, FT4 was similar in the two groups, P > 0.05 (Table 
2). Figure 2 summarizes the changes in TFTs across the BMI 
quartiles and shows that subjects in the third and fourth BMI 
quartiles (BMI > 30 and 40, respectively) had the highest mean 
TSH and the lowest mean FT3 values compared to subjects in 
the first and second BMI quartiles. The obese subjects had sig-
nificantly higher leptin and leptin /adiponectin ratio and sig-
nificantly lower adiponectin compared to the non-obese 
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controls (Table 2). The obese subjects had a slightly higher but 
not statistically significant fasting insulin level compared to the 
non-obese subjects, P value > 0.05. HOMA-IR was higher in 
the obese group compared to the non-obese controls, however, 
the difference did not reach statistical significance with P value 
of 0.06 (Table 2).

In the whole group (N = 107), there was a positive correlation 
between serum TSH and both body weight (r, 0.35,  
P value 0.001) and BMI (r, 0.34, P value 0.001), respectively 
(Figure 1 shows correlation between TSH and BMI). Moreover, 
BMI negatively correlated with FT3 as well (r –0.26, P value 
0.006), however, there was no correlation between FT4 and BMI.

In the non-obese group, both FT4 and FT3, but not the 
TSH, significantly negatively correlated with serum leptin and 
leptin/adiponectin ratio, but not with adiponectin, or 
HOMA-IR as shown in (Table 3). Moreover, FT4 correlated 
with BMI in the non-obese group as well (Table 3). On the 
other hand, there were no correlations between serum FT4, 
FT3, TSH, and either leptin, adiponectin, leptin/ adiponectin 
ratio, HOMA-IR or BMI in the obese group (Table 4).

In binary logistic regression with the status as obese or 
non-obese as the dependent variable, TSH (P value 0.009), 
FT4 (P value 0.022), and FT3(P value 0.020) were the only 
independent predictors of obesity( BMI > 30) in a model that 

Table 1. Baseline characteristics of the study population.

BIOMARKER OBESE SuBjECTS N = 55 NON-OBESE SuBjECTS N = 52 P vAluE

Male/female (%) 54.3/45.7 54/46 0.35

Age (years) 28.6 ± 2.03 27.2 ± 0.58 0.26

Weight (kg) 128.3 ± 5.44 64.02 ± 1.71 <0.001

BMI (Kg/m2) 45.63 ± 1.52 23.22 ± 0.48 <0.001

Waist circumference (cm) 54.5 ± 1.36 32.46 ± 0.67 <0.001

Fat mass (%) 53.0 ± 0.86 27.94 ± 1.20 <0.001

HbA1C % (4.5-6.2) 5.6 ± 0.16 5.4 ± 0.06 0.20

FBG, mmol/l (4.1-5.9) 5.4 ± 0.17 4.7 ± 0.05 0.009

Fasting insulin, pmol/l, (17.8-173.0) 70.7 ± 9.9 62.5 ± 5.3 0.32

Total cholesterol, mmol/l (0-5.9) 3.8 ± 0.21 3.5 ± 0.27 0.30

HDl-Cholesterol (mmol/l (>1.55) 1.1 ± 0.1 1.4 ± 0.1 0.001

Triglycerides, mmol/l (0-1.7) 0.9 ± 0.1 0.7 ± 0.1 0.053

lDl-Cholesterol (mmol/l (0-2.6) 2.67 ± 0.092 2.46 ± 0.1 0.14

Data are presented as mean ± SEM.

Table 2. Comparison of thyroid function, leptin, adiponectin, leptin/adiponectin ratio and HOMA-IR between obese subjects and non-obese 
controls.

BIOMARKER OBESE SuBjECTS N = 55 NON-OBESE SuBjECTS N = 52 P vAluE

TSH, mIu/l, (0.27-4.2) 2.7 ± 0.188 1.7 ± 0.13 0.014

FT4, pmol/l, (12-22) 16.8 ± 0.35 16.2 ± 0.32 0.49

FT3, pmol/l, (0.31-6.8) 3.9 ± 0.1 5.0 ± 0.1 0.001

Fasting adiponectin (ng/ml) 8.0 ± 1.11 10.90 ± 0.97 0.029

Fasting leptin (ng/ml) 24.45 ± 12.53 6.9 ± 1.26 <0.001

HOMA-IR 3.0 ± 0.70 2.0 ± 0.18 0.068

leptin/adiponectin ratio 4.5 ± 0.9 0.76 ± 0.13 <0.001

Data are presented as mean ± SEM.
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has included TSH, FT4, FT3, age, gender, leptin, adiponectin, 
leptin/adiponectin ratio, and HOMA-IR (Table 5). The 
adjusted odd ratio (AOR) for becoming obese (BMI > 30) is 
increased by 12.6 for each 1 unit increase in TSH above 2.54 
also, the odds for becoming obese was increased by 2.7 for each.

Multivariate regression analysis was done on the obese and 
non-obese groups separately to test the association between 
either FT4, FT3, or TSH as dependent variables in a model that 
included leptin, adiponectin, leptin adiponectin ratio, and 
HOMA-IR, adjusted for age, gender, and BMI. In the non-
obese controls, FT4 was independently associated with leptin (P 
value 0.016) and FT3 (P value 0.017) in a model that included 
age, gender, BMI, FT3, TSH, leptin, adiponectin, leptin/adi-
ponectin ratio, and HOMA-IR. In the obese group, FT4 had no 
significant associations with all the above listed explanatory vari-
ables, including leptin, adiponectin, leptin/adiponectin ratio and 
HOMA-IR. In the non-obese group, FT3 was independently 
associated with serum adiponectin (P value < 0.001 ), FT4 (P 
value 0.026), and leptin/adiponectin ratio (P value 0.003) in a 
model that included age, gender, BMI, leptin, adiponectin, 
HOMA-IR, FT4, TSH and leptin/adiponectin ratio, however, 
FT3 association with leptin was not statistically significant (P 

value 0.07) . In the obese group, FT3 was independently associ-
ated with HOMA-IR (P value 0.002) and adiponectin (P value 
0.036), in a model that included age, gender, BMI, HOMA-IR, 
leptin, adiponectin, Leptin/adiponectin, and FT4. Serum TSH 
was not associated with leptin, adiponectin, or HOMA-IR in 
either the obese or non-obese groups separately, however, in the 
pooled goup, TSH was associated with BMI (P value < 0.001), 
and age (P value 0.045).

Discussion
In this study, we compared the thyroid function tests of the mor-
bidly obese, euthyroid Saudi subjects with age and gender-
matched non-obese euthyroid controls and our findings showed 
that, even within the normal reference range, obese subjects had 
significantly higher TSH and lower FT3 concentrations yet 
similar FT4 levels, compared to non-obese controls. Moreover, 
TSH positively correlated with both body weight and BMI, and 
the latter also negatively correlated with FT3 as well. Our find-
ings support the hypothesis that even very minor alterations in 
thyroid function within the normal reference range may be asso-
ciated with weight gain and regional obesity, nonetheless, most 
of the previous studies were done in different ethnic groups 
hence generalizability of the findings to other ethnic groups 
would not be appropriate.26,27 Moreover, previous studies did not 
have well characterized controls group matched for age and gen-
der and did not look at factors such as leptin, adiponectin and 
insulin resistance in the study population, which all add to the 
strength of our current study and its findings.26,27 Some studies 
that were carried out in different ethnic groups and gender pop-
ulations reported the same association between thyroid function 
and BMI, including one study from Saudi Arabia, however, 
these studies were limited by either inclusion of one gender only 
or the positive association between TSH and BMI was reported 
in one gender only.21,23,28 Our results of binary logistic regression 
clearly showed the association of obesity (BMI > 30) with 
increasing TSH with adjusted odds ratio of becoming obese 
increasing by 12.7 for each unit increase in TSH, although the 
95% confidence interval for this association is very wide indicat-
ing that our sample size is smaller and studies on larger samples 

Figure 1. Positive correlation between serum TSH and BMI.

Table 3. Spearman’s correlations thyroid profile and parameters of adipose tissue metabolism and insulin sensitivity in Non-obese controls. 

lEPTIN ADIPONECTIN lEPTIN/ADIPOENCTIN 
RATIO

BMI HOMA-IR

FT3 Coeffieict of variation –0.545 –0.276 –0.52 –0.09 –0.06

P value 0.001 0.07 0.001 0.52 0.67

TSH Coeffieict of variation –0.18 –0.08 –0.04 0.03 –0.048

P value 0.24 0.6 0.78 0.82 0.73

FT4 Coeffieict of variation –0.56 –0.08 –0.51 –0.4 –0.26

P value 0.001 0.56 0.001 0.003 0.09

Bold text indicates significant correlations.
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are clearly needed. Moreover, the obese group had lower levels of 
FT3 compared to non-obese controls and the logistic regression 
supported this observation as it appears that there is a negative 
association between higher levels of FT3 and the odds of becom-
ing obese. However, causality cannot be concluded from these 
types of cross-sectional studies as there are many other impor-
tant factors such as genetics, environmental, dietary, and physical 
activity levels that are known to influence the risk of weight gain 
and obesity. Moreover, our findings support the findings of a 
previous study in hypothyroid patients on levothyroxine (L-T4) 
replacement therapy in which the authors showed that small 
alterations in serum TSH caused by minimal changes in the 
doses of L-T4 have led to a remarkable alteration in resting 
energy expenditure (REE) in these patients.9,29 It is well known 
that the thyroid hormone regulates body weight by regulating 
energy expenditure and adipocyte metabolic parameters and any 
dysfunction in thyroid hormones during hyperthyroidism or 

hypothyroidism causes a significant change in body weight and 
resting metabolic rate.30 On the other hand, lack of association 
between TSH, FT4, and FT3 and BMI has also been reported by 
some authors where no association was found between either 
serum TSH or FT4 and BMI, and no difference was reported in 
BMI when participants were divided according to serum TSH or 
free T4 levels.31 Moreover, the same authors showed no differ-
ence in serum TSH or free T4 between lean and obese euthyroid 
subjects.31 Some authors postulated that the alterations in thy-
roid function in obese subjects could be a consequence rather 
than a cause and is regarded as an obesity-related complication 
as thyroid function parameters are reversed to normal following 
weight loss, as in the example of the remission of the comorbidi-
ties of obesity such T2DM, hypertension and dyslipidemia fol-
lowing bariatric surgery.32

One possible hypothesis to explain the change in thyroid 
function profile in the euthyroid obese population is the fact 

Table 4. Spearman’s correlations between thyroid profile and parameters of adipose tissue metabolism and insulin sensitivity in obese subjects.

lEPTIN ADIPONECTIN lEPTIN/ADIPOENCTIN 
RATIO

BMI HOMA-IR

FT3 Coefficient of variation –0.21 0.18 0.17 0.04 0.25

P value 0.41 0.4 0.41 0.74 0.07

TSH Coefficient of variation 0.047 0.09 –0.150 0.07 –0.06

P value 0.81 0.66 0.49 0.61 0.66

FT4 Coefficient of variation –0.23 –0.06 –0.29 – 0.03 –0.26

P value 0.24 0.76 0.179 0.77 0.22

Table 5. Binary logistic regression with the obesity status either obese or non-obese as dependent variable and age, gender, TSH, FT3, leptin, 
Adiponectin, leptin/Adiponectin Ratio, HOMA-IR as independent variables.

BIOMARKER B S.E. WAlD SIG. AOR 95%CI FOR EXP(B)

lOWER uPPER

TSh 2.545 0.969 6.901 0.009 12.739 1.908 85.0

 FT3 –1.596 0.703 5.152 0.023 .203 0.051 0.80

 Adiponectin 0.209 0.163 1.641 0.200 1.233 0.895 1.697

 leptin 0.096 0.097 0.992 0.319 1.101 0.911 1.332

 HOMA-IR 0.283 0.436 0.420 0.517 1.327 0.564 3.119

 Gender 0.165 1.666 0.010 0.921 1.179 0.045 30.887

 Age –0.071 0.148 0.231 0.631 0.931 0.697 1.245

 leptin/
Adiponectin

1.486 0.994 2.237 0.135 4.421 0.630 31.011

 FT4 1.020 0.445 5.253 0.022 2.773 1.159 6.634

 Constant –20.139 8.892 5.129 0.024 0.000  

Abbreviation: AOR, Adjusted odd ratio. 
Bold text indicates significant correlations.
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that the adipocytokines leptin and adiponectin are secreted by 
the adipocytes and leptin, in particular, regulates the TRH gene 
expression in the paraventricular nucleus of the hypothalamus.7 
However, in our study and despite the fact that morbidly obese 
subjects had significantly higher leptin and lower adiponectin 
levels compared to non-obese controls, nonetheless, leptin did 
not correlate with thyroid hormones in the obese group and 
instead, it negatively correlated with both FT3 and FT4 in the 
non-obese group only and was not correlated with TSH in 
either group. These observations may indicate that the relation-
ship between leptin and thyroid function may be influenced by 
different factors in the obese subjects compared to non-obese 
subjects. Moreover, the results of multivariate regression showed 
the association between FT4 but not FT3 with leptin in the 
non-obese group only while the association between FT3 with 
adiponectin was observed in both the obese as well as the non-
obese group may be due our small sample size or alternatively it 
may indicate lack of consistent influence of leptin or adiponec-
tin on TFTs in obese subjects. Most of the studies have been 
conflicting regarding the relationship between TSH, serum lep-
tin level, and BMI, with the majority of these studies reporting 
a lack of association.33,34 Very few studies reported a positive 
association between serum TSH and leptin such as the study 
that has was published by Iacobellis et al.21 One of the explana-
tions for the association between leptin and TSH is the hypoth-
esis that TSH stimulates the release of leptin by adipocytes and 
then leptin stimulates the release of TSH to compensate for the 
increase in the fat mass.35,36 However, our findings do not sup-
port this hypothesis as we report lack of correlation and associa-
tion between TSH and either leptin or adiponectin.

We found no significant difference in FT4 level between 
obese subjects and non-obese controls and this is in agreement 

with the findings of most of the published studies including 
the publication by Fox et  al and Lundback et  al., where the 
authors showed a lack of significant association between adi-
posity, FT4 and free T3 level.27,37

Hypothyroidism and subclinical hypothyroidism are associ-
ated with insulin resistance and metabolic complications such 
as hypertriglyceridemia and type 2 diabetes mellitus, however, 
our study failed to show any correlation between TSH level, 
FT4, FT3, leptin, adiponectin, leptin/ adiponectin ratio, and 
insulin sensitivity measured by HOMA-IR in obese subjects 
and this might be explained by our small sample size but other 
factors may be responsible such as the fact that HOMA-IR is 
a crude way of assessing insulin resistance and has its own limi-
tations and more robust and dynamic methods such as euglyce-
mic clamp would have been more reliable as has been 
demonstrated by Iacobellis et  al21 where the authors showed 
that thyroid function was associated with adiponectin and 
insulin resistance parameters, namely, the M index derived 
from the clamp although the study population were exclusively 
females. In our study though, we observed a negative correla-
tion between both FT4 and FT3 and leptin/adiponectin ratio, 
which is a surrogate marker of insulin resistance.

The present study had several strengths and weaknesses. 
First, while it has confirmed what most of the previous studies 
found such as the higher TSH and lower FT3 levels in obese 
subjects compared to non-obese controls as well as confirming 
the positive correlation between BMI and TSH in a Saudi pop-
ulation. However, we believe our study has a better design than 
some of the previous studies, such the careful patient selection 
with age and gender-match with non-obese controls as well as 
excluding most of the possible confounding factors such as thy-
roid autoimmunity, which this has been implicated in the etiol-
ogy of thyroid dysfunction in obese subjects. Moreover, we have 
excluded acutely illness patients who are known to have abnor-
mal TFTs as well as we eliminated the effects of interfering 
medications that may affect the thyroid function. Nonetheless, 
we acknowledge the small sample size and the cross-sectional 
reporting of our data, however, we will be reporting the influ-
ence of weight reduction surgery by sleeve gastrectomy and 
change in body composition on thyroid function, serum leptin, 
serum adiponectin, and insulin sensitivity of these subjects at 
3- and 6-months intervals, respectively on a second manuscript 
at a later date, which we expect to give further insights into the 
long-term changes in thyroid function tests in obese subjects 
following weight loss. We believe our current study expands the 
literature on this interesting area of obesity and thyroid function 
research and opens further areas of research questions such as: 
does a mild increase in TSH within or slightly above the normal 
range in obese subjects have any long term consequences ?. Also, 
it here is a need for further studies to answer the question of 
whether there is a need to consider different normal reference 
ranges for TSH and FT3 in obese individuals based on their 
BMI range as shown in Figure 2, which clearly demonstrates 

Figure 2. Changes in thyroid function tests in the study population 

divided by BMI quartiles. It shows that subjects in the third and fourth BMI 

quartiles (BMI > 30 and 40, respectively) had the highest mean TSH and 

the lowest mean FT3 values compared to subjects in the first and second 

BMI quartiles.
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that subjects in the third and fourth BMI quartiles (BMI > 30 
and 40, respectively ) had the highest mean TSH and the lowest 
mean FT3 values compared to subjects in the first and second 
BMI quartiles. Lastly, we need further studies to address the 
question of whether its justified to treat a mild elevation in TSH 
in symptomatic obese people

In conclusion, we report that, obese euthyroid Saudi sub-
jects have significantly higher serum TSH and lower FT3 lev-
els, yet similar FT4 levels, respectively, compared to age and 
gender -matched non-obese controls . Moreover, we report a 
positive correlation between TSH and both body weight and 
BMI with increasing odds ratio for becoming obese with 
increasing levels of TSH and decreasing levels of free T3, 
within the normal reference range. Leptin seems to negatively 
correlate with both FT4 and FT3 in the non-obese group only 
while none of the TFTs correlated with HOMA-IR or adi-
ponectin in either group. It’s still debatable whether the changes 
in thyroid function tests within the normal reference range are 
causal or adaptive to the obesity state, however, we will be 
reporting the 3- and 6-months measurements, respectively, for 
all the parameters for the obese group who underwent sleeve 
gastrectomy at a later date. Further mechanistic studies on 
larger numbers of patients are needed to better explore the 
relationship between obesity and thyroid function tests.
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