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Abstract 

INTRODUCTION: Fat Mass Index (FMI) which is a measure of obesity, calculated by the ratio of Body 
Fat Mass (BFM) in kg and height in meter square. Adiposity is strongly associated with health risk 
including thyroid disorders, predominantly hypothyroidism leading to obesity. The present study intends 
to evaluate the relationship of FMI with serum TSH through Bioelectrical Impedance (BIA) to help in 
better intervention of thyroid dysfunction and adiposity in females of child bearing age. AIM: To 
determine the implications of Fat Mass Index (FMI) on Serum TSH in young healthy female subjects 
from Western Uttar Pradesh. MATERIALS & METHODS: A cross-sectional study conducted on 100 
young healthy female subjects of 18-24 years after approval from Institutional Ethical Committee (IEC). 
Height was measured using standard height chart according to WHO norms. Bioelectrical Impedance 
(BIA) method was used to measure BFM and the FMI was computed as a ratio of body fat mass (in kg) 
and height (in m2). Serum TSH level was estimated by ELISA method. RESULTS: Among 100 subjects, 
between 18-24 years of age, subjects were grouped on the basis of FMI as subjects with normal fat 
(n=66, FMI<9 kg/m2) & as overfat/obese (n=34, FMI≥9 kg/m2). A slight increase within the reference 
range was found in serum TSH level in overfat/obese group than normal fat subjects. A significant 
positive correlation (p<0.05) between serum TSH & FMI was found in subjects with overfat/obese group. 
However, no significant association was found in subjects with normal fat. CONCLUSION: Fat Mass 
Index (FMI) can be a better indicator of fat mass as it reflects true body fatness. Increase in FMI in 
women increases the level of serum TSH in overweight/obese subjects, presenting a risk of 
hypothyroidism. It may be useful in appropriate interventional measures like healthy lifestyle & diet 
which may lower the risk of thyroid disorder by controlling fat accumulation.  
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INTRODUCTION 

Obesity is characterized by the accumulation of body fat, which is typically a 
consequence of an imbalance of increased energy intake and decreased energy 
expenditure, which is controlled by both genetic and environmental factors. In India, 
Obesity has increased from 21% to 24% in males while from 19% to 23% in females 
(1). Alteration in body composition, due to an increase in BFM and a decline in lean 
mass may leads to metabolic consequences (2). Adipose tissue distribution is primarily 
linked to wellbeing of women (3). Currently, body fat content and distribution indices 
are used as markers of health and mortality risk (4,5). Fat Mass Index (FMI) is another 
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measure to assess body fat distribution defined by the ratio of BFM in kg and height 
in meter squared (kg/m2). The International Society for Clinical Densitometry (ISCD) 
has proposed using FMI as an alternative method to define body fat categories. FMI 
categories are as follows (6):  

FMI (in kg/m2) Fat Deficit Normal fat Overfat Obese 

Males <3 3-6 >6-9 >9 

Females <5 5-9 >9-13 >13 

FMI considered over other obesity parameters as it offers a singular measurement for 
body fat, distinguishing it from various other indices (7). When examining FMI within 
the context of a two-compartment model, it appears to be a more precise instrument 
for assessing excessive fat, potentially yielding a more precise depiction of the 
associations between Metabolic Syndrome (MetS) and what is often termed genuine 
obesity (8,9). The development of obesity is rooted in an imbalance within the body's 
energy metabolism. Both obesity and thyroid disorders are prevalent in the general 
population. Thyroid hormones play a crucial role in regulation of energy expenditure 
and have an impact on appetite (10). The anterior pituitary gland stimulates the 
production of Thyroid Stimulating Hormone (TSH) and the normal reference range for 
TSH levels is between 0.5 and 4.5 µIU/L. TSH plays a crucial role in regulating thyroid 
hormones (11-13). Subclinical hypothyroidism, which is characterized by elevated 
TSH levels ranging from 4.5 to 10.0 µIU/L, may be the initial factor responsible for 
changes in energy expenditure that subsequently lead to weight gain (11,12). The 
transformation from adolescence to adulthood is marked by significant physiological, 
hormonal and metabolic changes, particularly in females, which can include the 
accumulation of fat around the breasts and hips (14). Various factors contribute to 
increased adiposity, such as unhealthy dietary habits, a sedentary lifestyle, lack of 
physical activity, and underlying biochemical dysfunctions, including thyroid disorders, 
as well as inflammatory and immunological processes (15,16).  

Identification of a precise approach for diagnosing obesity is of utmost importance in 
order to implement accurate intervention strategies like dietary education and 
management, pharmacotherapy and physical activity programs, to modify the related 
health risks and mortality. The unique aspect of this study was to explore the 
implications of FMI on serum TSH. The findings of this study highlight the potential 
value of using anthropometric measurements which can provide better information 
than BMI and enables to screen females of reproductive age group. Consequently, 
this approach can aid in raising awareness about necessary lifestyle modifications to 
prevent obesity and its associated complications. 
 
MATERIAL & METHODS 

This cross-sectional’ study was carried out on 100 healthy female subjects between 
18-24 years of age from Western part Uttar Pradesh, visiting Sharda-University, 
Greater Noida, India, after getting an approval from Institutional Ethical Committee 
(IEC).  

Inclusion Criteria: Healthy female subjects of 18-24’years and willing to volunteer in 
the study.  

Exclusion Criteria: The subjects with known thyroid disorder, Type II Diabetes 
Mellitus, Hypertension and history of pregnancy were excluded from the study.  
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Height was measured using standard height chart according to WHO norms and Body 
Fat Mass (BFM) was measured by using Bioelectrical Impedance (BIA) method and 
the Fat Mass Index (FMI) was computed as a ratio of BFM in kg divided by height in 
m2. The fasting serum samples of selected subjects were collected and stored at -
20ºC, and was tested for Serum TSH by Enzyme Linked Immunosorbent Assay 
(ELISA).  
 
STATISTICAL ANALYSIS 

The statistical analysis employed by using statistical software SPSS version 22. 
Significant results are those with a p-value<0.05 derived at a 95% level of reliability. A 
highly significant p-value <0.01.  
 
RESULTS 

Among the 100 healthy young females, subjects were categorised on the basis of 
normal fat with FMI<9 kg/m2 and overfat/obese subjects with FMI≥9 kg/m2, out of 
which 34 subjects were found to be in the over fat/obese group (6). The mean age of 

the study subjects was 21.87±1.83 years. 

Table 1: The Serum TSH & FMI of the female subjects in terms of Mean±S.D of 
both study groups. 

Parameter 
Normal Fat (n=66) 

(FMI<9 kg/m2) 
Over Fat/Obese (n=34) 

(FMI≥9 kg/m2) 
t-value p-value 

Serum TSH 2.58±1.57 µIU/L 3.73±1.62 µIU/L 3.432 <0.001** 

Fat Mass Index (FMI) 6.31±1.34 kg/m2 11.12±0.95 kg/m2 18.636 <0.001** 

**Highly Significant <0.01 *Significant <0.05 Non-Significant >0.05 

The mean of serum TSH & FMI was calculated and one sample t-test was 
implemented to compare the means of the parameters of both the groups with Normal 
fat and Over fat/Obese group. A highly significant association (p<0.001) was observed 
for both the parameters in the study groups. 

Table 2: Relationship between Serum TSH and FMI in subjects with Normal fat 
(FMI<9 kg/m2). 

 
 
Serum TSH 

Subjects with Normal Fat (n=66)  
(FMI<9 kg/m2)  

Pearson Correlation (r-value) 0.140 

Sig. (2-tailed) 0.361 

**Highly Significant <0.01 *Significant <0.05  Non-Significant >0.05 

The mean of Serum TSH was 2.58±1.57 µIU/L and FMI was 6.31±1.34 kg/m2 in 
subjects with Normal fat. No significant correlation was found between Serum TSH & 
FMI in subjects with normal fat. 

Table 3: Relationship between Serum TSH and FMI in subjects with high fat 
(FMI≥9 kg/m2). 

 
Serum TSH 

Subjects with Over Fat & Obese (n=34)  
(FMI≥9 kg/m2) 

Pearson Correlation (r-value) 0.236* 

Sig. (2-tailed) 0.036 

**Highly Significant <0.01 *Significant <0.05 Non-Significant >0.05 
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The mean of Serum TSH was 3.73±1.62 µIU/L and FMI was 11.12±0.95 kg/m2 in 
subjects with FMI≥9 kg/m2. A positively significant correlation (p<0.05) was found 
between Serum TSH & FMI, in subjects with overweight fat/obese group. 
 
DISCUSSION 

Obesity can be described as a chronic condition marked by an excess of fat within the 
body that results mostly from a caloric energy imbalance (17). Obesity puts a serious 
impact to health care system of India and encroaching in younger generation also (18). 
This study targeted healthy females between the ages of 18-24 years, since the shift 
from adolescence to adulthood is accompanied by considerable physiological, sexual, 
emotional and social changes. They could be at risk for harm from this alteration to 
their health and wellbeing (19). FMI which is a sole indicator of body fat mass and 
considered a more trustworthy index than BMI. The author of the current study 
discovered that serum TSH despite being in the normal range, is positively correlated 
with FMI (p<0.05) in the overweight & obese subjects with FMI>9 kg/m2, however no 
association (p>0.05) was found in subjects with normal body fat with FMI<9kg/m2 
(Table 2 & 3). Gazarova M. et al. in 2022, suggest that FMI excellently correlate with 
fat mass and visceral fat (20).  

Alpizar M et al. in 2020, suggested that FMI is considered as accurate tool in subjects 
with overweight and obese (8). According to Liu P. et al. in 2013, high FMI may be an 
accurate measurement approach for the assessment of MetS in clinical practice 
because they appear to be independently related with MetS (21). De Oliveira et al in 
2016, suggested that FMI has been correlated in subjects with elevated Waist 
Circumference (20, 22). Abdominal Obesity (AO) is a form of obesity which is 
characterised as excessive fat accumulation in the abdominal area and defined by WC 
measured by using a non-stretch resistant tape by standard WHO criteria (23). In a 
study by Singh S. et al in 2023, rise in WC in AO in women increases the level of 
serum TSH & TNF-α, presenting a risk of hypothyroidism (24). Previous studies did 
propose that the aetiopathogenesis of AO is based on low grade inflammation and 
deposition of White Adipose Tissue (WAT) which is responsible for secreting 
adipokines and energy homeostasis (25-27). Singh S. et al, draw a cut-off value of 
WC>85 cms for the risk of SCH in healthy females of 18-24 years of age and 
suggested a thorough biochemical & medical intervention (24). 

Fat Mass Index measured by using BIA can be useful in accurately measuring body 
fat to screen obesity and its associated risk factors. Previous reports suggested than 
FMI is an indicator of true obesity and can relate with morbidity & mortality. However, 
a large number of subjects will be required to establish accuracy of this hypothesis of 
using FMI as an index for thyroid disorder. 
 
CONCLUSION 

Fat Mass Index (FMI) may be a better indicator of fat mass as it reflects true body 
fatness. Increase in FMI in women increases the level of serum TSH in 
overweight/obese subjects, presenting a risk of hypothyroidism. Assessment of body 
fat by Bioelectrical Impedance (BIA) method a non- invasive procedure, would be 
advisable to incorporate these examinations into screening, preventive and clinical 
practice for the purpose of a comprehensive evaluation of the health condition in 
females of child bearing age. 
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