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บทคัดย่อ
การศึกษาครั้งนี้มีวัตถุประสงค์เพื่อประเมินค่าอ้างอิงของฮอร์โมนไทรอยด์ในคนไทยท่ีมีภาวะ

อ้วน โดยศึกษาในผู้ที่มารับการตรวจสุขภาพประจำ�ปีที่โรงพยาบาลตำ�รวจ จำ�นวน 400 ราย อายุระหว่าง 
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Abstract
The aim of this study was to evaluate the reference intervals of TSH, FT3, and FT4 in 

obese Thais. The cross-sectional study consisted of 400 subjects who were recruited after  

undergoing routine health check-ups at the Police General Hospital. The subjects, age 18-50 

years with BMI ≥ 25 kg/m2, were divided into three sub-groups: 18-30 years, 31-40 years and 

41-50 years. The results showed that thyroid hormone (FT3 and FT4) levels were higher in  

males than in females. TSH levels in obese, 41-50 years age group were significantly higher  

than those in the younger age groups. However, no statistical significance of TSH was shown 

between males and females. The reference intervals (p2.5-97.5) for TSH, FT3 and FT4 were 

0.31-5.93 mIU/L, 0.93-1.73 pg/mL and 0.20-0.39 ng/dL, respectively. In conclusion, obesity 

may impact the range of normality of TSH. The reference intervals for thyroid hormones are 

needed to be determined for each specific population. Slightly elevated TSH concentrations in 

the obese could be considered acceptable, with no need for thyroxine treatment.
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Introduction
Obesity is a serious health problem 

accompanied by many hormonal changes(1).  

It has a complex pathophysiology characterized 

by interaction of genetic, environmental and 

physiological factors(2). Thyroid dysfunction  

is well known in the pathogenesis of obesity. 

Weight gain is frequently seen in hypothyroidism 

and the treatment causes mild weight loss(3). 

Serum thyroid stimulating hormone (TSH)  

is the most sensitive indicator of thyroid  

dysfunction. Abnormal TSH levels occur  

during the development of hypothyroidism, 

earlier than the detection of triiodothyronine 

(T3) and thyroxine hormone (T4) abnormalities(4). 

Subclinical thyroid diseases are diagnosed 

based on laboratory evaluation of abnormal 

TSH levels, with normal levels of T4, free T4 

(FT4), free T3 (FT3) and few, if any, clinical 

signs and symptoms. The interpretation of  

these hormonal changes in obesity and their 

distinction from real pathological endocrine 

alterations can be challenging. The clinical 

observations mentioned above raise the ques-

tions whether TSH change within physiological 

limits is associated with obesity and whether 

there is a link between adipose tissue and  

hypothalamic-thyroidal axis(5).

In this aspect, previous reports have 

consistently demonstrated a positive correlation 

between obesity and serum TSH levels(6-7). 

Along with TSH concentrations, people with 

obesity have higher levels of FT3(8-9). Although 

the relationship between adipose tissue and 

thyroid function is not completely understood, 

the hypothesis of the hypothalamic pituitary 

thyroid adipose axis, in which fat accumulation 

may induce an increase in TSH production as  

a mechanism to compensate for energy  

expenditure, has been proposed(10). As  

moderately increased TSH levels may be a 

reaction to adipose accumulations rather than 

the cause of weight gain(11), these findings 

challenge the diagnosis of subclinical  

hypothyroidism in obesity. Reference value  

for TSH in normal BMI population may be 

inadequate when classifying hypothyroidism 

in certain ranges of individuals with obesity, 

which could lead to over treatment.

This study was aimed to evaluate the 

reference intervals of TSH, FT3 and FT4 in 

obese Thais. Sex and age were also considered 

when evaluating the distribution of serum TSH, 

FT3 and FT4 levels in different groups.

Materials and Methods
The present cross-sectional study  

consisted of subjects who were recruited after 

undergoing routine health check-ups during 

October 2016 to January 2018 at the Police 

General Hospital in Bangkok. This study was 

performed in accordance with the ethical  

standard approval from the ethics review  

commit tee at Thammasat Universi ty 

(No.190/2560). The most commonly used 

criteria for obesity classification, established 

by the World Health Organization (WHO) in 

2000, is defined by BMI values as following; 
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underweight (BMI < 18.5 kg/m2), normal-

weight (BMI 18.5-24.9 kg/m2), overweight  

(BMI 25-29.9 kg/m2), obesity (BMI 30-39.9 

kg/m2) and morbid obesity (BMI > 40 kg/m2). 

A total of 2,300 healthy subjects between 18 

and 50 years of age with BMI ≥ 25 kg/m2 were 

enrolled in this study. A total of 1,723 subjects 

were excluded from the present study due to  

a prior history of documented thyroid  

dysfunction, a history of medicine use that could 

influence thyroid function (thyroid hormones, 

estrogen or glucocorticoids) and/or a family 

history of thyroid disorders. Moreover, 172 

subjects with missing data and five subjects 

with outliers (≥ 5 × standard deviation above 

the mean) for TSH and FT4 concentrations 

were also excluded resulting in a final study 

population of 400 different individuals (200 

men; 200 women). 

1723 excluded
with prior history of documented thyroid dysfunction	
or medicine use that could influence thyroid function

177 excluded 
with missing data and five subjects with outliers (≥ 5 × standard 
deviation above the mean) for TSH and FT4 concentration 

	 reference interval of TSH, FT3 and FT4
	 reported as 2.5th– 97.5th percentile

Fig. 1 Recruitment of obese Thais for determining reference interval of serum TSH, FT3 and FT4

2,300 subjects

400 subjects enrolled to the study 
with BMI ≥ 25 kg/m2

200 females 200 males
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Serum analysis

TSH, FT3 and FT4 were measured by 

electrochemiluminescence immunoassay on a 

Cobas e601 analyzer (Roche Diagnostics, 

Switzerland). The assay had intra-assay and 

inter-assay precision between 1.31%-7.1% and 

3.60%-8.30%, respectively. The corresponding 

normal range of serum TSH, FT3 and FT4 are 

0.27-4.2 mIU/L, 0.93-1.91 pg/mL and 0.2-0.44 

ng/dL, respectively. These values correspond 

to the 2.5th and 97.5tht percentiles of results 

obtained from a total of 516 healthy test subjects 

examined(12).

Statistical analysis

Statistical analyses were performed 

using SPSS software (SPSS, Chicago IL, USA). 

The Kolmogorov-Smirnov test was used for 

Gaussian distribution analysis. The data were 

reported as median and empirical percentiles 

for non-Gaussian distribution. Comparisons of 

the upper limits of TSH for different age groups 

and genders were calculated by Mann-Whitney 

U test and Kruskal-Wallis one way ANOVA. 

P-values less than 0.05 indicated statistical 

significance.

Results
Characteristics of study samples

A total of 400 individuals, 200 women 

(50%) and 200 men (50%), free of thyroid 

disease according to the above criteria were 

enrolled in the analysis. Demographic  

characteristics of the study samples are given 

in Table 1. Median age of the samples was 42.5 

± 7.35 years. Median weight and BMI were 

75.52 ± 13.81 kg and 27.6 ± 3.85 kg/m2. For 

the total samples, median TSH, FT3 and FT4 

were 2.36 ± 2.09 mIU/L, 0.30 ± 0.07 pg/mL 

and 1.29 ± 0.21 ng/dL, respectively. Median 

BMIs were not significantly different among 

age groups (18-30, 31-40 and 41-50 years).

	

Table 1 Demographic data of all samples. The data were reported as median±SE.

Characteristics All samples Male Female p-value

Number of samples (n) 400 200 200

Age (years) 42.5 ± 7.45 42.7 ± 7.35 42.3 ± 7.57 0.556

Weight (kg) 75.52 ± 13.81 81.20 ± 1.78 69.83 ± 12.41 < 0.01*

BMI (kg/m2) 27.6 ± 3.85 27.9 ± 3.76 27.4 ± 3.93 0.255

TSH (mIU/L) 2.36 ± 2.09 2.09 ± 1.79 2.64 ± 3.67 0.055

FT3 (pg/mL) 0.30 ± 0.07 0.31 ± 0.07 0.29 ± 0.07 < 0.01*

FT4 (ng/dL) 1.29 ± 0.21 1.34 ± 0.21 1.24 ± 0.21 < 0.001*
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Effects of age and gender on TSH, FT3 and 

FT4 levels in the study samples

The associations between TSH, FT3 

and FT4 potentially confounding factors, such 

as age and gender were analyzed. The data on 

thyroid hormone levels of all age groups are 

shown in Fig. 2 The median of TSH for all  

age groups (18-30, 31-40 and 41-50 years) in 

women were 2.14 ± 0.76, 1.630 ± 1.27 and 

2.220 ± 1.30 mIU/L, and in men were 1.66 ± 

0.92, 1.94 ± 1.09 and 1.62 ± 1.05 mIU/L, 

respectively. The median of FT3 for all age 

groups (18-30, 31-40 and 41-50 years) in 

women were 0.285 ± 0.175, 0.288 ± 0.04 and 

0.285 ± 0.05 pg/mL, and in men were 0.33 ± 

0.031, 0.315 ± 0.05 and 0.307 ± 0.08 pg/mL, 

respectively. The median of FT4 for all age 

groups (18-30, 31-40 and 41-50 years) in 

women were 1.24 ± 0.234, 1.27 ± 0.174 and 

1.20 ± 0.20 ng/mL, and in men were 1.43 ± 

Fig. 2	Median concentrations of TSH (A), FT4 (B) and FT3 (C) according to age and gender in the 
study samples. Data are median ± standard error. Blue bar represents male data and yellow 
bar represents female data. *ANOVA test significance between age group: p<0.05.
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0.177, 1.42 ± 0.197 and 1.30 ± 0.225 ng/mL, 

respectively. From the results, 41-50 years age 

group had the highest 97.5th percentile of TSH 

(5.93 mIU/L) when compared with other age 

groups (p<0.05). Median FT3 and FT4  

concentrations were not significantly different 

by age groups. According to gender comparison, 

median FT3 and FT4 concentrations were 

significantly higher in males than in females 

(0.31 ± 0.07 pg/mL vs. 0.29 ± 0.07 pg/mL and 

1.34 ± 0.21 ng/dL vs. 1.24 ± 0.20 ng/dL,  

respectively). In contrast, the serum TSH did 

not show any significant gender-dependent.

Reference interval of TSH, FT3 and FT4 levels 

in obese Thais

The 2.5th-97.5th percentile of TSH 

derived from the study samples was 0.31-5.93 

mIU/L, which was higher than the upper limit 

specified by the assay manufacture. In contrast, 

the reference interval of FT3 and FT4, 0.20-

0.39 pg/mL and 0.93-1.73 ng/dL, respectively, 

were similar to the reference intervals  

provided by the manufacturer, (Table 2).

Discussion
This is the first report defining a  

reference interval for serum thyroid hormone 

concentrations; TSH, FT3 and FT4, in obese 

Thai population. A new upper limit of the TSH 

reference range was found for Thais, 5.93 

mIU/L, which was higher than the upper  

reference limit (4.24 mIU/L) provided by the 

assay manufacturer. In addition, the upper 

limit was higher than those reported in the 

national health examination survey, which has 

established reference intervals of thyroid  

function tests in Thais(13). The reference intervals 

(2.5th-97.5th percentile) reported in the survey 

were 0.34-5.11 mIU/L and 0.98-1.79 ng/dL 

for TSH and FT4, respectively. In particular, 

the proportion of individuals in 41-50 years 

age group with obesity would have been 40% 

elevated TSH levels if the standard ranges of 

normality for normal weight people had been 

applied. The 97.5th percentile of TSH values 

increased with age and this was most evident 

among those age 40 years and older. 

Hormones

Female (N=200) Male (N=200) Total (N=400)

2.5th 
Percentiles

97.5th 
Percentiles

2.5th 
Percentiles

97.5th 
Percentiles

2.5th 
Percentiles

97.5th 
Percentiles

FT3 (pg/mL) 0.21 0.39 0.187 0.381 0.20 0.39

FT4 (ng/mL) 0.80 1.65 0.982 1.750 0.927 1.730

TSH (mIU/L) 0.29 6.97 0.46 5.50 0.31 5.93

Table 2  Reference intervals (2.5th and 97.5th Percentiles) for FT3, FT4 and TSH by gender
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The results also demonstrated that  

the changes in the thyroid hormone profile  

associated with age in obese people are  

concordant with previous reports, consistently 

revealing a positive correlation between age 

and TSH but not FT3 and FT4(14). In addition, 

normal or slightly higher than normal ranges 

of TSH have been associated with enhancement 

of FT4 to FT3 conversion in previous  

epidemiological studies(15, 16), which is also 

concordant with the increased activity of  

deiodinases in response to increasing TSH 

concentrations reported in in vivo studies(17). 

Such a causal role of BMI-to-fat mass ratio in 

the induction of increased TSH production is 

confirmed by prospective data, showing how 

the modifications in thyroid function in subject 

with obesity reverts after weight loss induced 

by bariatric surgery and hypocaloric diet(18). 

The link between adipose tissue and the  

hypothalamic-thyroid axis could be mediated 

by adipokines produced by adipose tissue, 

which has been shown to stimulate the release 

of TSH by the pituitary(19). The corresponding 

changes in thyroid function secondary to  

weight accumulation could be more pronounced 

in individuals with obesity(20). Scientists  

supporting the idea that body adiposity  

correlates with increased plasma TSH levels in 

euthyroid subjects have proposed that upper 

limit of normal TSH concentration may be 

presumed as 2.5 mIU/L and upper values may 

resemble subclinical hypothyroidism(21).

In the present study, the upper limit of 

TSH tended to increase with age and was most 

pronounced among individuals age ≥ 40 years. 

The findings on the association between age 

and TSH are consistent with previous studies. 

With aging, the set point for TSH secretion  

is altered, resulting in higher serum TSH  

concentration. TSH bioactivity declines with 

age, so that a greater circulating concentration 

of immunoreactive TSH required to maintain 

the same circulating T4 concentrations. The 

TSH increase could also arise from diminished  

responsiveness of the thyroid gland to TSH, so 

that higher TSH is required to maintain the 

same circulating T4 levels. An age-specific 

TSH range would be beneficial to very old 

individuals(22). Therefore, elevated TSH with 

normal levels of FT4 in obese people might  

be concerned as normal obese people. This 

situation may cause risk of adverse effects  

from treatment of levothyroxine. Moreover,  

the present result can directly confirm the  

association of high TSH level in obese as our 

exclusion criteria had rejected persons who  

had prior history of documented thyroid  

dysfunction, history of medicine use that could 

influence thyroid function (thyroid hormones, 

estrogen or glucocorticoids) and/or a family 

history of thyroid disease.

There were no differences in median 

TSH levels between males and females,  

which was inconsistent with the findings of the 

previous study(23). Interestingly, the results 

showed that reference range of TSH for females 
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had higher upper limit. This may be supported 

by relationships between body adiposity and 

plasma TSH levels in female subjects(24). 

The strength of our study was that we 

had been able to study a wide range of sample 

of thyroid-disease-free individuals representa-

tive of the healthy obese (BMI > 25 kg/m2) 

population in Thailand. However, there were 

several limitations in the study. Although  

thyroid disease was excluded by clinical and 

laboratory evaluation, thyroid ultrasound was 

not performed to confirm the subjects as being 

free of autoimmune thyroid disease. Iodine 

status was not assessed in this study. It should 

also be noted that the reference intervals  

reported here could not be compared with  

different assays. Further research is required  

to extend these analyses to greater number of 

subjects and other confounders such as level 

of obesity, smoking and diet.

In conclusion, according to our results, 

BMI is associated with changes in thyroid 

function that may impact the range of normality 

of TSH. In particular, the population with 

obesity might be inappropriately classified if 

the standard ranges of normality for normal-

weight people were applied when defining 

hypothyroidism. Wider cohorts of subjects with 

obesity are needed to confirm our finding.
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