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ABSTRACT 

Objective: Primary hypothyroidism is frequently manifested by weight gain. Moreover, treatment with L-Thyroxine 
reverses the weight gain in most subjects on achieving euthyroid state. However, the characteristic fat distribution con- 
tributing to these changes in body weight is not well documented. Therefore, the presence of central adiposity was exa- 
mined in primary hypothyroidism prior to and after attaining and maintaining euthyroid state following L-Thyroxine 
therapy. Methods: Waist and hip measurements were conducted to determine waist: hip ratios in 55 men, ages 39 to 84 
years at diagnosis of primary hypothyroidism established by subnormal Free T4 and supernormal TSH concentrations 
and again after their normalization by L-Thyroxine replacement therapy. The subjects were divided according to Body 
Mass Index (BMI-Kg/m2) into 3 groups; hypo T1, 20 men with BMI < 25; Hypo T2, BMI 25 - 30 and Hypo T3, BMI > 
30. 15 euthyroid normal (N) men matched for age and BMI in each group participated as controls. Results: Mean waist: 
hip ratio was significantly higher (p < 0.01) in subjects with primary hypothyroidism (0.97 + 0.03) than in healthy men 
(0.92 + 0.02) and declined significantly (p < 0.01) on achieving euthyroidism (0.93 + 0.02). Moreover, waist: hip ratios 
were also higher in individual hypothyroid groups; Hypo T1, 0.92 + 0.01 vs. N1, 0.88 + 0.01; Hypo T2, 0.96 + 0.02 vs. 
N2, 0.92 + 0.02 and Hypo T3, 1.02 + 0.03 vs. N3, 0.98 + 0.02 (p < 0.01for all comparisons). Finally, waist: hip ratios 
declined significantly in all groups on attaining euthyroidism; Hypo T1, 0.89 + 0.01; Hypo T2, 0.93 + 0.02; Hypo T3, 
0.98 + 0.02 (p < 0.01 vs. pretreatment). Conclusion: Central adiposity is a definitive clinical manifestation of primary 
hypothyroidism in men. Moreover, a significant improvement on achieving euthyroid state following L-Thyroxine 
therapy may deem central adiposity to be a major contributor to changes in body weight in primary hypothyroidism 
noted at diagnosis and on attaining and maintaining euthyroid state. 
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1. Introduction 

Primary hypothyroidism frequently presents with non 
specific clinical manifestations and the diagnosis is esta- 
blished by subnormal serum Free T4 concentration and 
super normal TSH level. Weight gain is a prominent ma- 
nifestation of primary hypothyroidism and attaining and 
maintaining euthyroid state with L-Thyroxine induces a 
decline in body weight in most subjects [1]. Moreover, 
clinical hypothyroidism is associated with lipid abnor- 
malities, increased cardiovascular risk and atherosclero- 
sis [2]. Finally, L-Thyroxine treatment in patients with 
clinical and subclinical hypothyroidism is documented to 

improve dyslipidemia and these outcomes [3]. However, 
the contributions of various body constituents including 
total body fat and specifically central fat distribution to 
these alterations in body weight in primary hypothyroid- 
ism prior to and following achieving euthyroid state has 
not been elucidated. Therefore, we assessed the presence 
of central obesity in subjects with primary hypothyroid- 
ism prior to and after attaining and maintaining euthyroid 
state as documented by desirable normal free T4 and 
TSH concentrations with L-Thyroxine therapy. 

2. Subjects and Methods 
*Corresponding author. 55 men, ages 39 - 84 with the diagnosis of primary hypo- 
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thyroidism established by subnormal Free T4 and ele- 
vated TSH concentrations participated in the study after 
obtaining informed consent. The study was approved by 
institutional review board and the human studies sub- 
committee at the medical center. Subjects with Diabetes 
Mellitus were excluded. The subjects were divided into 3 
groups according to Body Mass Indices (BMI-Kg/M2). 
Hypo T1, 20 men with BMI < 25; Hypo T2, BMI 25 - 30; 
Hypo T3, BMI > 30.15 euthyroid men matched for age 
and BMI with normal Free T4 and TSH levels partici- 
pated as controls in each group.  

Waist and hip measurements were performed and waist: 
hip ratios were calculated in subjects with primary hypo- 
thyroidism at diagnosis and again after attainment and 
maintenance of euthyroid state with L-Thyroxine re- 
placement therapy. Measurements were also conducted 
for the control subjects. Serum Free T4 and TSH concen- 
trations were determined by local laboratory with well- 
established commercial assay kits. Statistical analyses 
were conducted by student’s “t” test amongst all groups. 

3. Results 

Waist: hip ratios were significantly higher in men with 
primary hypothyroidism as an entire cohort at diagnosis 
in comparison to all euthyroid men as a group (Table 1). 
Moreover, WHRs were also higher in the individual hy- 
pothyroid groups in comparison to euthyroid subjects 
divided according to BMI (Tables 2-4). Finally, WHRs 
declined in the entire cohort as well as the individual 
groups following attainment and maintenance of a euthy- 
roid state with L Thyroxine replacement therapy (Tables 
1-4).  

4. Discussion 

Many clinical manifestations contribute to metabolic 
syndrome. These include central obesity, hypertension, 
dyslipdemia, e.g., hypertriglyceridemia and low levels of 
high-density lipoprotein (HDL) and hyperglycemia in- 
cluding prediabetes as well as type 2 diabetes induced by 
insulin resistance [4-8]. A strong association is also well 
documented between waist circumference on one aspect  
 
Table 1. Free T4, TSH, Body Mass Index (BMI) and Waist: 
Hip Ratio (WHR) in all Subjects with Hypothyroidism 
(Hypo T) prior to (Pre Rx) and after (Post Rx) Achieving 
Euthyroidism with L-Thyroxine Replacement Therapy. 

Subjects Free T4 µg/dl TSH µU/ml BMI Kg/M2 WHR 

Pre RX 0.54 ± 0.15* 43 ± 8* 29.18 ± 0.72 0.97 ± 0.03*

Post Rx 1.27 ± 0.21  1.71 ± 0.19  28.78 ± 0.59 0.93 ± 0.02 

Normal 
1.21 ± 0.21 
(0.7 - 1.6)† 

2.23 ± 0.24 
(0.4 - 4.0)† 

27.92 ± 0.54 0.92 ± 0.02 

*P < 0.01 vs. Post Rx and Normal, †Normal Range. 

Table 2. Free T4, TSH, Body Mass Index (BMI) and Waist: 
Hip Ratio (WHR) in all Subjects with BMI < 25 Kg/M2 
(Hypo T1) prior to (Pre Rx) and after (Post Rx) Achieving 
Euthyroidism with L-Thyroxine Replacement Therapy. 

Subjects Free T4 µg/dl TSH µU/ml  BMI Kg/m2 WHR 

Pre Rx 0.56 ± 0.12* 37 ± 7* 22.90 ± 0.39  0.92 ± 0.01*

Post Rx 1.21 ± 0.60 1.8 ± 0.2 22.84+0.37  0.89 ± 0.01

Normal
1.21 ± 0.21
(0.7 - 1.6)† 

2.23 ± 0.24 
(0.4 - 4.0)† 

23.30 ± 0.38  0.88 ± 0.01

*P < 0.01 vs. Post Rx and Normal, †Normal Range. 

 
Table 3. Free T4, TSH, Body Mass Index (BMI) and Waist: 
Hip Ratio (WHR) in all Subjects with BMI 25 - 30 Kg/M2 
(Hypo T2) prior to (Pre Rx) and after (Post Rx) Achieving 
Euthyroidism with L-Thyroxine Replacement Therapy. 

Subjects Free T4 µg/dl TSH µU/ml BMI Kg/M2 WHR 

Pre Rx 0.48 ± 0.11* 47 ± 9* 27.68 ± 0.44 0.96 ± 0.01*

Post Rx 1.18 ± 0.18 1.68 ± 0.19  26.82 ± 0.41 0.93 ± 0.02

Normal 
1.21 ± 0.21
(0.7 - 1.6)†

2.23 ± 0.24 
(0.4 - 4.0)† 

27.12 ± 0.43 0.92 ± 0.02

*P < 0.01 vs. Post Rx and Normal, †Normal Range. 

 
Table 4. Free T4, TSH, Body Mass Index (BMI) and Waist: 
Hip Ratio (WHR) in all Subjects with BMI > 30 Kg/M2 
(Hypo T3) prior to (Pre Rx) and after (Post Rx) Achieving 
Euthyroidism with L-Thyroxine Replacement Therapy. 

Subjects Free T4 µg/dl TSH µU/ml BMI Kg/M2 WHR 

Pre RX 0.52 ± 0.14* 43 ± 7* 34.28 ± 1.15 1.02 ± 0.03*

Post Rx 1.27 ± 0.21 1.71 ± 0.19  34.18 ± 0.96 0.98 ± 0.02 

Normal 
1.21 ± 0.21
(0.7 - 1.6)†

2.23 ± 0.24 
(0.4 - 4.0)† 

34.12 ± 0.84 0.98 ± 0.02 

*P < 0.01 vs. Post Rx and Normal, †Normal Range. 

 
and atherosclerotic risk factors as well as cardiovascular 
morbidity and mortality as well as all cause mortality 
[5,9-12]. Furthermore, increased intra-abdominal fat as 
assessed by computer tomography is independently asso- 
ciated with each of the five components of metabolic 
syndrome; hypertension, waist circumference, HDL cho- 
lesterol, triglycerides and fasting plasma glucose [5-7, 
9,12]. Therefore, central or visceral obesity is deemed a 
major required component for the clinical diagnosis of 
metabolic syndrome by the International Diabetes Fede- 
ration as well as many other organizations in USA in- 
cluding National Institutes of Health [7,13-15]. Moreover, 
central obesity has also been shown to precede onset of 
other manifestations of metabolic syndrome [16]. Finally, 
reduction in waist circumference improves manifesta- 
tions of metabolic syndrome and therefore its adverse 
outcomes [16]. However, waist: hip ratio is apparently a 
better index of central obesity since normal measure- 
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ments of ≤0.84 for women and ≤0.90 for men are uni- 
versal whereas normal waist circumference measure- 
ments vary according ethnic groups e.g. smaller in south 
east Asians as compared to Western Population [8,10, 
14,15]. 

This study demonstrates that waist: hip ratio is raised 
in men with primary hypothyroidism with a significant 
improvement on achieving euthyroid state irrespective of 
initial body weight or its change following L-Thyroxine 
replacement therapy. This finding is consistent although 
sparsely described in the literature [17-21]. Moreover, it 
is noteworthy that the decline in waist: hip ratio occurred 
despite lack of a significant weight loss as expressed by 
BMI in men with primary hypothyroidism in this study, a 
finding consistent with previous observation [22]. How- 
ever, the lack of significant weight loss noted in this 
study in contrast to another study may be attributed to the 
major difference between the severity of hypothyroidism 
in participating subjects as documented by pretreatment 
mean serum TSH concentrations, 43 µU/ml in our sub- 
jects in comparison to 102 µU/ml in the other study [23].  

Waist: hip ratio is well documented to be a reliably 
index of central obesity and central obesity has been 
shown to precede onset of other manifestations of meta- 
bolic syndrome [8,10-16]. Therefore, the presence of 
other manifestations of metabolic syndrome especially 
dyslipidemia in subjects with primary hypothyroidism 
may be attributed to central obesity as documented in 
several previous studies [2,13-15]. Moreover, a decrease 
in central obesity as expressed by a decline in waist: hip 
ratio on attaining and maintaining euthyroid state with L- 
Thyroxine replacement therapy may be a major contri- 
butor in inducing improvement in dyslipidemia and other 
manifestations of metabolic syndrome in primary hypo- 
thyroidism documented previously [2,24].  

The major limitation of this study is the participants 
who were exclusively men because of the study site be- 
ing a Veterans Affairs Medical Center and the vast ma- 
jority of patients receiving care at the facility are men. 
However, the clinical manifestations of primary hypo- 
thyroidism including changes in body weight are similar 
in men and women, the lone exception being the specific 
symptoms and signs pertaining to derangement involving 
reproductive system. Thus, the data noted in men in this 
study may be applicable to women as well though re- 
quiring documentation in a larger cohort. 

Therefore, central obesity as expressed by a reliable 
index, waist: hip ratio may be a characteristic manifesta- 
tion of primary hypothyroidism in men with a decline to 
normalization on achieving and maintaining euthyroid 
state following L-Thyroxine replacement therapy. 
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