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Abstract 
 
Background: Obesity is a common health problem. In obesity, thyrotropin (TSH) levels are at the 
upper limit of the normal range or slightly elevated and positively correlated with body mass 
index. Leptin resistance and hyperleptinemia is also common in obesity. Material & Method: This 
was a cross-section study of 80 subjects grouped into 2 groups; obese euthyroid subjects with BMI 
more than 35 (n = 40) and normal subjects with normal BMI (n = 40). TSH, Free T4, and Leptin were 
measured and anthropometric measures were taken. Results: TSH was significantly higher in 
obese subjects versus the control (mean ± SD 2.04 ± 1.51 µIU/mL vs1.46 ± 0.96 µIU/mL, p = 0.024). 
Conclusion: These results lead us to confirm that leptin level has an important role in the link 
between hyperthyrotropinemia and obesity. 
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Introduction 
 
   Obesity is a public health crisis because of its increasing prevalence and association with a high 
risk for life-threatening conditions. (1) By 2030, 57.8% of the world’s population, will be 
overweight or obese. (2) Egypt has the highest rate of obesity in the world as more than one in 
three Egyptians is obese. (3) 
Thyroid hormones are the key elements that affect resting energy expenditure. (4) They promote 
thermogenesis in brown and white adipose tissue. (5)  In obese persons, thyrotropin (TSH) levels 
may be slightly elevated or at the upper limit of normal range and are positively correlated with 
body mass index. (6) The alterations of thyroid functions in obesity are explained by different 
mechanisms.  
   In obesity, there is a change in the activity of deiodinases leading to a high rate of T4 to T3 
conversion as a defensive mechanism that can prevent future weight gain by raising basal 
metabolic rate and total energy expenditure. (7, 8) Also, the high level of leptin in obese persons 
may act directly on TRH-secreting neurons on Paraventricular Hypothalamic Nucleus through 
leptin receptors (9, 10) leading to stimulation of transcription of prothyrotropin-releasing 
hormone, which leads to increases in TRH and TSH concentrations. In addition, Leptin modulates 
thyroid gland’s responsiveness to TSH, inhibits iodide uptake and expression of the 
sodium/iodide symporter and thyroglobulin. Also, Leptin increases the production of free T3 and 
decreases serum free T4 due to its stimulatory effect on the activity of deiodinases (D1). (11,12) On 
the other hand, TSH may directly enhance preadipocytes differentiation into adipocytes and the 
synthesis of leptin by adipocytes via its receptors in adipose tissue. (13, 14) Moreover, 
Inflammatory cytokines in obesity such as tumor necrosis factor α lead to inhibition of mRNA 
expression of the sodium/iodide symporter resulting in reduced iodide uptake in thyroid cells. 
(15) 
   In clinical practice, diagnosis of subclinical hypothyroidism in obese individuals is challenging. 
Therefore, hypothyroidism should only be suspected in obese individuals with modestly elevated 
TSH levels after assessing plasma levels of thyroid hormones, and thyroid autoantibodies. (16, 17) 
Since obesity and hyperthyrotropinemia are common health problems, and very commonly 
coexist in the same patients, we conducted this study to confirm in a clinical settings the relation of 
circulating leptin to hyperthyrotropinemia that is commonly observed in obese persons. 
 
  
Methods 
 
Study design, setting and participants 
 
   This was a prospective cross-sectional study. The study was conducted on 80 euthyroid 
subjects divided into two groups according to their BMI; 40 obese subjects (BMI ≥ 35 kg/m2), and 
40 normal BMI (BMI ≥ 18.5 and <25 kg/m2) group. Obese subjects were enrolled from the obesity 
clinic at the Alexandria Main University Hospital between January, 2018 and October, 2021. The 
inclusion criteria were as follows: healthy subjects, between the age of 18-60 years, euthyroid and 
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tested negative for ATA (thyroid peroxidase antibody test). The exclusion criteria were as follows: 
patients with a history of liver or renal disorders (eGFR<60 ml/min), medication history that 
included taking drugs that alter the thyroid status. Persons with thyroid diseases, goiter, nodular 
and heterogenous thyroid gland by ultrasound, antithyroid peroxidase antibodies, acute 
non-thyroidal illness were also excluded. The Research Ethics Committee at College of Medicine, 
Alexandria University approved the research protocol and consent forms were obtained from 
participants before the beginning of the study. 
 
Methods 
 
   Detailed history taking and thorough clinical examination were done for each participant. 
Anthropometric measures were taken including weight, height, waist circumference and body 
mass index (BMI), all according to the WHO protocols. Serum calcium, Albumin and creatinine 
were measured, and Estimated Glomerular Filtration Rate (eGFR) was calculated by CKD-EPI 
equation. Serum levels of thyroid-stimulating hormone, thyroid peroxidase antibody test, and free 
thyroxine were measured by Electrochemiluminescence immunoassay (ECLIA). Leptin was 
measured using Enzyme linked immunosorbent assay (ELISA). 
 
Statistical analysis 
 
   Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. 
(Armonk, NY: IBM Corp). Qualitative data were described using number and percent. The 
Kolmogorov-Smirnov test was used to verify the normality of distribution Quantitative data were 
described using range (minimum and maximum), mean, standard deviation, median and 
interquartile range (IQR). Significance of the obtained results was judged at the 5% level. 
 
The used tests were: 
 
1- Chi-square test 
For categorical variables, to compare between different groups. 
 
2- Student t-test 
For normally distributed quantitative variables, to compare between two 
studied groups. 
 
3- Mann Whitney test 
For abnormally distributed quantitative variables, to compare between 
two studied groups. 
 
4- Spearman coefficient 
To correlate between two distributed abnormally quantitative variables. 
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Results  
 
   Serum concentrations of TSH were demonstrated to be higher in the obese euthyroid group 
than the normal weight euthyroid group (p=0.024) (Table 1) 
It was found that there was significant difference (p <0.001) between the two groups regarding 
Leptin, with the obese euthyroid group having higher median than the normal weight euthyroid 
group (Table 1). 
 

Table (1): Comparison between the two studied groups according to different lab parameters 

                                                                                   Euthyroid 
Obese subjects 

(n = 40) 

Healthy 
subjects with 
normal BMI 

(n = 40) 

Test of  
significance 

P 

Demographic  
data 

 
Sex 

 
Males 
Females  

 
22.5% 
77.5% 

 
42.5% 
57.5% 

 
2=3.647 

0.056 

Age  (years) Mean ± SD. 43.88 ± 9.04 31.78 ± 10.19 t=5.618* <0.001* 

Anthropometric  
measurements 

Weight (kg) Mean ± SD. 110.75 ± 15.54 59.50 ± 7.06 t=18.987* <0.001* 

Height (cm) Mean ± SD. 162.65 ± 9.29 165.0 ± 8.10 t=1.206 0.231 

BMI (kg/m2) Mean ± SD. 41.86 ± 4.82 21.83 ± 1.83 t=24.553* <0.001* 

Waist  
Circumference 
(cm) 

Mean ± SD. 124.60 ± 12.39 77.44 ± 7.97 t=20.249* <0.001* 

Renal functions Urea (mg/dl) Mean ± SD. 26.95 ± 7.04 25.35 ± 6.69 t=1.042 0.301 

Creatinine (mg/dl) Mean ± SD. 0.77 ± 0.10 0.74 ± 0.18 t=0.941 0.35 

Creatinine  
clearance  
by CKD EPI 
(mls/min/1.73m2) 

Mean ± SD. 100.40 ± 7.01 110.71 ± 9.16 t=5.653* <0.001* 

Albumin Albumin (g/dl) Mean ± SD. 4.47 ± 0.31 4.72 ± 0.21 t=4.263* <0.001 

Hormonal profile  TSH (µIU/mL) Median (IQR) 1.60 (1.16 – 
2.36) 

1.16 (0.82 – 
2.18) 

U= 
566.0* 

0.024* 

Free T4 (ng/dL) Mean ± SD. 1.14 ± 0.15 1.24 ± 0.17 t=2.580* 0.012* 

Anti TPO (IU/ml) Median (IQR) 10.35 (9.21 – 
12.7) 

9.87 (9.22 – 
11.4) 

U= 
686.0 

0.273 

leptin (ng/ml) Median (IQR) 40.0 (20.7 – 
64.5) 

4.85 (2.2 – 
11.75) 

U=  
117.50* 

<0.001* 

SD: Standard deviation,                                       IQR: Inter Quartile Range  

: Chi Square test                                               t: Student t-test 

U: Mann Whitney test 

p: p value for comparing between euthyroid obese subjects and healthy subjects with normal  BMI 
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*: Statistically significant at p ≤ 0.05   

 
Regarding the correlations between TSH and various parameters, TSH was found to have a 
significant positive correlation with BMI (rs = 0.222, p=0.048 ) and Leptin (rs =0.263, p =0.018)  
(Table 2, Figure 1, 2). 
 
 

Table (2): Correlation between the Leptin, TSH, and BMI in each group and total sample 

 
Total (n = 80) Obese (n = 40) Normal (n = 40) 

rs p rs p rs p 

TSH vs Leptin 0.263* 0.018* -0.096 0.558 0.355* 0.025* 
TSH vs BMI 0.222* 0.048* 0.083 0.612 -0.041 0.803 

rs: Spearman coefficient                        *: Statistically significant at p ≤ 0.05 
 

 
  

 

Figure (1): Correlation between TSH with BMI in total sample 
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Figure (2): Correlation between TSH with Leptin in total sample 

 

 

 
Discussion  
 
   The current study is a cross sectional study which attempted to investigate the relationship 
between thyrotropin and leptin in euthyroid obese subjects. We aimed to confirm that leptin may 
be responsible for hyperthyrotropinemia that observed in obese persons.  
The current study has showed that TSH was significantly higher in the obese euthyroid group 
than the normal weight group and it was positively correlated with BMI and Leptin.  
In accordance with the current study findings, Ali et al. conducted a cross-sectional study of 140 
euthyroid people divided into two groups: a low-TSH group (TSH between 0.3 and 2.0 mIU/L, 
n=73) and a high-TSH group (TSH between 2.0 and 5.5 mIU/L, n=67), and discovered that the 
high-TSH group had higher BMI than the low-TSH group after adjusting age, sex, calorie intake, 
total carbohydrate, fat intakes, and physical activity. (18) 
   Additionally, Cari M et al. found that there was an increase in serum TSH levels for every 
1-quartile increase in BMI in euthyroid men (3.8% [95% CI 0.8%, 6.8%]) and euthyroid women 
(4.0% [95% CI 1.6%, 6.5%]) who were 20 years of age and older and had TSH, fT(3), and fT(4) levels 
between 0.5-4.49 mIU/L, 2.5-3.9 pg/mL, and 0.6-1.6 ng/dL, respectively. Also, they discovered a 
positive correlation between serum TSH levels and waist circumference. (19) 
   Also, Paolo M et al. reported that Weight loss significantly affected TSH (-6.3%), FT3 (-3.3%) 
and FT4 levels (3.9%) (p<0.001 for all) in euthyroid subjects with severe obesity after completion of 
a 4-wk inpatient multidisciplinary dieting program. (20) 
The impairment of thyroid function may be primary and the BMI change may be secondary or 
vice versa. 
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   From the above studies, we conclude that obesity may be associated with 
hyperthyrotropinemia or even the increased serum TSH level within the normal range. Different 
mechanisms explain the change in TSH level that occurred in obesity; such as thyroid hormone 
resistance, thyroid autoimmunity, increased activity of thyroxine 5-deiodinase as a defense 
mechanism capable of burning fat. (21, 22) Leptin is another explanation for the association 
between BMI and TSH as observed by Betry C et al.. They found that both BMI and leptin were 
positively correlated with TSH. Also, they reported that independent of BMI, TSH and leptin 
remained to have a significant correlation. So, they concluded that leptin concentration in obese 
individuals is related to the relationship between TSH and BMI. (23) 
   The relation between TSH and leptin is complex. Leptin has been shown to regulate D2 (to 
promote the conversion of T4 to T3), regulate TRH neurons. Plasma TSH levels and leptin have 
similar circadian rhythms and are highly organized and pulsatile, according to research by 
Mantzoros et al. They also found near- superimposable peak values using a cosinor analysis. (24) 
On the other hand, several research suggested that TSH directly affects adipocytes to promote 
leptin release. (25) 
 
 
Conclusion 
 
   From the results of the present study, it is obvious that leptin may be responsible for 
hyperthyrotropinemia or even slight increase in TSH level within the normal range in obesity. 
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