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Abstract

Background—In adults, obesity is associated with abnormalities of thyroid function; there are 

fewer studies in pediatric cohorts.

Objectives—To examine associations of weight and adiposity with indices of thyroid function 

and thyroid-related metabolic factors in children.

Design/Methods—A sample of 1203 children without obesity (BMI<95th percentile; n=631) 

and with obesity (BMI≥95th percentile; n=572), age 5-18y, had height and weight measured (to 

calculate BMI-Z score for age and sex) and had blood collected in the morning for thyroid-

stimulating hormone (TSH), free thyroxine (FT4), and leptin. A subset (n=829) also underwent 

measurement of fat mass by dual-energy x-ray absorptiometry. Analyses examined associations of 

TSH and FT4 with adiposity and obesity-related conditions, accounting for sociodemographic 

factors.

Results—TSH was positively related to BMIz and fat mass (both p-values <.001). FT4 was 

negatively related to BMIz and fat mass (both p-values <.001). TSH was positively correlated to 

leptin (p=.001) even after accounting for fat mass.

Conclusions—Pediatric obesity is associated with higher TSH and lower FT4 concentrations 

and with a greater prevalence of abnormally high TSH. Leptin concentrations may in part explain 

obesity’s effects on thyroid status, perhaps through leptin’s effects on TSH secretion.
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Introduction

Many studies in adults have examined the relationship between high body adiposity or BMI 

and abnormal thyroid function (1–5) (see also Online Supporting Information). Low thyroid 

hormone is associated with reduced energy expenditures (6) and fluid retention (7) in adults 

with overt hypothyroidism. However, less severe hypothyroidism does not appear to induce 

greater body fatness or weight, since l-thyroxine replacement leads to relatively small 

changes in body composition (8, 9). Elevated thyroid stimulating hormone (TSH) that does 

not exceed 2.5 times the upper limit of the normal range in association with a normal free 

thyroxine (FT4) concentration, referred to as “subclinical hypothyroidism,” is frequently 

observed in adults with obesity who have no evidence of autoimmune thyroiditis (10). 

Obesity-associated subclinical hypothyroidism may be a consequence, rather than a cause of 

obesity because the hyperthyrotropinemia appears to remit after weight loss (11).

In some studies of euthyroid adults with obesity, high adiposity is associated with increased 

TSH (2–5) and free or total triiodothyronine (T3) (2, 3, 5) and mildly decreased free 

thyroxine (FT4) (5). However, the data are inconsistent; other studies have not found an 

association between measures of adiposity and TSH (12–14), T3 (4, 12, 13), or FT4 (2–4, 

12, 14). There have been fewer studies in pediatric cohorts; most of these studies have had 

relatively small sample sizes (15–21), and also reported inconsistent results. The majority of 

papers found an association between TSH and BMI (17–19, 22, 23), as well as between T3 

and BMI (16–19, 22, 23) but others have not (15). Contrary to most research in adults, there 

was no association between FT4 and BMI found in the majority of pediatric studies (15–20, 

22, 23).

Additionally, among obese children, the association of thyroid hormone concentrations with 

serum leptin and other metabolic parameters is unclear. Leptin, a hormone produced by 

adipocytes, regulates energy homeostasis and neuroendocrine and behavioral responses to 

overfeeding, and has been hypothesized to contribute to the altered thyroid status observed 

in obesity (1). Some studies have found leptin to be positively associated with TSH (1, 12, 

15) and negatively related to FT4 (12) in both adults and children, but other investigations 

have not (16). Similarly, research into the relationship between thyroid status and lipid 

profile, even when controlling for adiposity measures, has been mixed, with some (15, 24), 

but not all studies (4, 22) demonstrating that lipid profile components are associated with 

FT4 or TSH.

The main objective of this investigation was to clarify the conflicting data for the 

relationship between measures of adiposity with TSH and FT4 in a large pediatric cohort 

containing substantial numbers of children and adolescents with obesity. We hypothesized 

that adiposity would be positively associated with TSH and negatively associated with FT4 

among a mixed cohort of children with- and without obesity, but that these associations 
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might differ when those with- and without obesity, or when younger (age <10y) and older 

(≥10y) subsamples, were examined separately. We also sought to clarify the relationships 

between thyroid status and both leptin and aspects of the lipid profile.

Subjects and Methods

A convenience sample was assembled from 10 pediatric studies at the National Institutes of 

Child Health and Human Development (NICHD) conducted between June 1996 and June 

2014 that recruited generally-healthy children. Some were non-overweight but by design, the 

cohort oversampled for children with overweight or obesity. Additional information about 

the studies contributing to the sample and study procedures are reported in Online 

Supporting Information.

Morning (8:00am-10:00am) fasting TSH, FT4, lipid profiles including triglycerides (TG), 

low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) 

and total cholesterol (TC), and leptin were measured. FT4 and TSH were measured by a 

homogenous, sequential, chemiluminescent immunoassay based on LOCI® technology, 

using the Siemens Healthcare Dimension Vista® System (Dade Behring Inc.) See Online 

Supporting Information for additional assay details.

SPSS 18.0 for Windows (SPSS Inc., Chicago, IL) was used for statistical analyses. Log 

transformations were applied to normalize TG and HDL-C. FT4 was square root 

transformed based off the Levene’s Test of Equality of Error Variances. Following 

transformations, TG and HDL-C were normal; however, the p value for the square root 

transformed FT4 was still significant, but less so than with any other transformation. Leptin 

in both spreadsheets could not be normalized, and thus had statistically different values in 

the Levene’s Test of Equality of Error Variances. ANCOVA was used to examine 

associations of BMI z-score (BMIz) or Fat Mass (kg) with TSH and FT4 adjusting for age, 

SES, sex, race, and puberty stage, plus height (m) for Fat Mass. Analyses were conducted in 

this manner for the entire population, with secondary analyses carried out specifically for 

participants <10y, ≥10y (to correspond to prior analyses) (10, 16, 18, 20, 22). An ANCOVA 

analysis controlling for age, SES, puberty stage, race, and sex was run to compare the 3 

categories for BMI status: non-overweight (BMIz<1.036), overweight (BMIz 1.036-1.644), 

and obesity (BMIz ≥1.645). With these same control variables, analyses were run to 

compare associations of TSH and FT4 with leptin, TC, LDL-C, HDL-C, and TG as 

dependent variables. To determine if sample characteristics for those with missing data 

differed, ANCOVA controlling for sex, race, SES, age, and puberty stage were run to 

compare associations of BMIz or fat mass (kg) with TC, LDL-C, HDL-C, and TG. T-tests 

comparing excluded participants to the participants included in analyses for the categories of 

SES, age, weight, height, BMI, and BMIz for the BMI sample; and SES, age, weight, height, 

fat mass, and percent fat for the DXA sample. Race and sex for excluded and included 

participants were compared by contingency table analysis. Based on conducting 4 main 

analyses (BMIz and Fat Mass versus TSH and FT4), the p-values considered significant for 

these main ANCOVAS were adjusted to p≤0.0125.
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Results

BMI Analyses

From a total of 1,376 available participants, 173 were excluded (159 missing data, 11 taking 

levothyroxine, and 3 with TSH ≥12uIU/mL), leaving a total of 1,203 with measured TSH of 

whom 955 also had measured FT4. Sample characteristics for included participants are 

presented in Table 1A. There were 787 females and 416 males, 461 (38.3%) non-Hispanic 

Blacks (NHB), and 640 (53.2%) non-Hispanic Whites (NHW). The “other” racial category 

comprised 37 Asians, 1 American Indian/Alaskan Native, 23 Hispanics, and 41 multi-racial 

individuals. Nearly half of the sample, 572 (47.5%), had BMI ≥95th percentile, and 488 

(40.6%) participants had BMI ≥97th percentile. When comparing the excluded and included 

samples, there were no significant differences in SES, age, weight, height, BMIz, or sex; 

however, with regard to race, there were a greater percentage of NHB (43.4%) and a lower 

percentage of NHW (42.2%) in the excluded than the included group (p=.006).

For the full sample, ANCOVA analyses with SES, sex, race, puberty stage, BMIz, and age in 

the model (Table 2) found a positive relationship between BMIz and TSH (p<.001; 

Supplemental Figure 1A). BMIz was negatively associated with FT4 (p<.001; Table 2; 

Supplemental Figure 1B) as were SES (p<.001) and age (p<.001). The proportion of 

children with high TSH consistent with subclinical hypothyroidism (TSH 4.5-10 uIU/mL) 

was greater among children with vs. without obesity (4.8 vs. 1.6%, p<0.001). We also found 

that prepubertal children had a higher FT4 than mid-pubertal children (p=.003); however, 

there were no significant differences between prepubertal and late-pubertal or mid-pubertal 

and late-pubertal children. In the BMIz ANCOVA (Table 2), there were no significant sex, 

age, SES, or puberty stage effects with TSH as the dependent variable, and no significant 

effects for sex or race with FT4 as the dependent variable. In the entire population we also 

examined the associations of TSH or FT4 with leptin, TC, LDL-C, HDL-C, and TG after 

accounting for BMI. TSH was positively related to TG (ß±SEM .028±.005, p<.001) and FT4 

was negatively related to TG (ß±SEM -.259±.078, p=.001). No significant relationships 

were found between TSH or FT4 and leptin, TC, LDL-C, or HDL-C after BMI was taken 

into account.

Among participants <10y, BMIz was positively associated with TSH (ß±SEM .146±.049, 

p=.003; N=360), but not significantly associated with FT4 (p=.289; N=359). In participants 

≥10y with TSH (N=832) or FT4 (N=587) as the dependent variable, a positive relationship 

was found between BMIz and TSH (ß±SEM .164±.036, p<.001) and a negative relationship 

with FT4 (ß±SEM -.017±.003, p<.001).

Examining BMI categorically split into non-overweight, overweight, and obesity groups, 

children with obesity had higher TSH than both non-overweight (ß±SEM .430±.072, p<.

001), and overweight children (.213±.091, p=.019), and a lower FT4 than children who were 

not overweight (ß±SEM -.030±.006, p<.001). Children who were overweight had higher 

TSH than non-overweight children (.217±.094, p=.021) and a lower FT4 than children who 

were not overweight (-.027±.009, p=.003).

Krause et al. Page 4

Pediatr Obes. Author manuscript; available in PMC 2017 December 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



DXA Analysis

From a total of 1,002 available participants, 173 were excluded (169 missing data and 4 

patients taking levothyroxine), leaving a total of 829 participants with measured TSH of 

whom 714 also had measured FT4. Sample characteristics for included participants are 

presented in Table 1B. There were 576 females and 253 males, 340 (41.0%) NHB, and 422 

(50.9%) NHW. The “other” racial category comprised 23 Asians, 1 American Indian or 

Alaskan Native, 17 Hispanics, and 26 multi-racial individuals. When comparing the 

excluded and included samples, there were no significant differences in SES, BMI, BMIz, 

fat mass, percent fat, or sex; however, significant differences were found between age (p=.

001), height (p<.001), weight (p=.007) and race (p=.018). The average age in the excluded 

group was 11.6 compared to 12.5 years old in the included group. The excluded group was 

taller (149.2 vs. 154.1cm), lighter (62.7 vs. 69.6 kg) and had a greater percentage of NHB 

(42.2%) and a lower percentage of NHW (43.4%) than the included group.

ANCOVA analyses with sex, race, puberty stage, age, SES, height, and fat mass in the 

model (Table 3) found fat mass was positively correlated with TSH (p<.001, Supplemental 

Figure 1C) and negatively correlated with FT4 (p<.001; Supplemental Figure 1D). NHB 

were found to have a lower TSH than NHW (ß±SEM, p −.222±.082, p=.007). In the fat mass 

model (Table 3), there were no significant sex, pubertal stage, age, SES, or height effects 

with TSH as the dependent variable, and no significant sex, race, puberty stage, age, SES, or 

height effects with FT4 as the dependent variable. In the fat mass sample, we also examined 

associations of TSH or FT4 with leptin, TC, LDL-C, HDL-C, and TG. After accounting for 

fat mass, TSH was positively associated with leptin (ß±SEM 1.237±.365, p=.001) and TG (ß

±SEM .025±007, p<.001); FT4 was negatively associated with TG (ß±SEM -.128±.040, p=.

001).

Among participants <10y, fat mass was positively associated with TSH (ß±SEM .023±.009, 

p=.016; N=216), and negatively associated with FT4 (ß±SEM -.004±.002, p=.012; N=216). 

In participants ≥10y, fat mass was positively associated with TSH (ß±SEM .009±.003, p=.

002; N=602), and negatively associated with FT4 (ß±SEM -.001±.001, p=.021; N=489).

Discussion

In a large pediatric cohort of participants with and without obesity, we found that measures 

of adiposity, including BMIz and fat mass, had a significant positive relationship with TSH 

and a negative relationship with FT4, although adiposity explained only a small fraction of 

the variance of TSH and FT4. Both BMIz and fat mass were positively associated with TSH 

in both children <10y and ≥10y and negatively associated with FT4 in children ≥10y. 

Among children <10y, we found no significant association between BMIz and FT4, although 

fat mass was negatively associated with FT4. Most lipid measurements were not 

significantly related to either TSH or FT4, but there was a positive association between TSH 

and TG, and a negative association between FT4 and TG.

In this study we confirmed the positive correlation between measures of adiposity and TSH, 

which has been previously reported in both adults (2–5), and children (17–19, 22, 23). In 

both BMI and DXA cohorts, we also confirmed the significant negative relationship between 
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measures of adiposity and FT4, which has been observed in somewhat fewer studies (5, 25). 

We additionally examined participants split into two age categories because the negative 

relationship between measures of adiposity and FT4 was less commonly reported in younger 

pediatric samples. As many of the pediatric studies in the literature include mean ages <10y 

(10, 16, 18, 20, 22), we used 10y as the cut point between groups. As expected, adiposity 

measures remained positively associated with TSH in both the <10y and ≥10y groups. 

However, among children <10y, a significant negative relationship between BMIz and FT4 

was not found. One possible explanation for finding a BMIz-FT4 relationship only among 

adolescents might be that subclinical autoimmune thyroiditis is more prevalent among 

adolescents and exacerbated obesity-related findings. However, the reversibility of thyroid 

abnormalities with weight loss that has previously been described in adolescents (26) is not 

consistent with this explanation. Regardless of the BMIz findings, a negative relationship 

existed between fat mass and FT4 in both the <10y and ≥10y groups. BMIz does not always 

accurately depict adiposity, particularly among African Americans (27), who made up a 

substantial part of this cohort. It is possible that more direct measures of fat mass than BMIz 

or extremely large sample sizes (25) are required to observe the BMI-FT4 relationship 

among young, growing children, since most of the pediatric studies that did not find this 

relationship used BMI in relation to FT4 status and had relatively smaller sample sizes (15–

20, 22, 23). It is also possible that the greater amounts of fat mass found among obese 

adolescents exert greater physiological effects that are easier to observe.

At least some of the thyroid abnormalities observed in severe obesity are reversible with 

weight loss (28), suggesting the possibility of dysregulated signaling by obesity-related 

humoral factors. Potential causes of the observed thyroid dysregulation seen in obesity 

include adiposity-induced thyrotropin-releasing hormone (TRH) over-secretion, TSH 

resistance, or adaptations that increase energy expenditure (1, 26). Adipose tissue-derived 

leptin regulates energy balance in part through the hypothalamic-pituitary-thyroid axis by 

up-regulating hypothalamic TRH gene expression (1) and can also stimulate conversion of 

T4 to T3 via activation of thyroid deiodinases (1). Previous research supports the close 

relationship between thyroid hormones and leptin, in that a positive relationship has been 

found between TSH and leptin in longitudinal and cross-sectional analyses (19). Leptin has 

also been found to be inversely correlated with FT4 (12). In our analyses, we found a 

positive relationship between leptin and TSH in the DXA sample, but no associations 

between FT4 and leptin in either cohort.

Another possible cause for the observed thyroid dysregulation of obesity is thyroid hormone 

resistance. Adipocytes contain TSH receptors, and TSH may play a direct role in adipocyte 

differentiation, lipolysis, and adipokine production (29). In a study of 107 participants who 

were obese and 12 participants who were lean, subcutaneous and visceral adipose tissue 

mRNA expression of the TSH- and thyroid hormone receptors genes were decreased in 

individuals who were obese (5). Following weight loss, TSH, free triiodothyronine (FT3), 

and gene expression returned to normal levels (5).

Some have hypothesized that increased concentrations of TSH, driving greater T4 to T3 

conversion in obesity, is a possible adaptive, counterregulatory mechanism that could 

increase metabolic rate and energy expenditure, thus preventing additional weight gain (26). 
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Indeed, in patients with accumulated central fat, the FT3:FT4 ratio is positively associated 

with waist circumference and BMI (3). This mechanism could be part of the difficulties 

often observed in humans attempting to maintain weight loss, because as weight falls, 

thyroid hormone concentrations and metabolic rate decrease (1, 26).

We also examined the relationship between thyroid status and lipid profiles. We found a 

positive relationship between TSH and TG and a negative relationship between FT4 and TG 

independent of body adiposity. Though data are mixed (4, 22), one prior study examining a 

pediatric sample of 1,210 participants also found the same relationships with TG, TSH and 

FT4, even when controlling for age, sex, and BMIz (24). The exact mechanism for this 

observation is unknown, though it is conceivable that the increased TSH of obesity 

influences the transport of TG in lipoproteins, reducing lipoprotein lipase activity and 

effectively increasing TG (30).

Ultimately, the question arises as to whether the observed thyroid dysregulation seen in 

patients with obesity is a consequence or cause of obesity, and whether it requires treatment 

(14). Most pediatric studies examining TH status in children who are obese have found that 

levels normalize following weight loss (15, 17–20, 22, 23, 31). However, some researchers 

believe that the thyroid dysregulation in children who are obese is a sign of subclinical 

hypothyroidism, which often leads to inflammation, insulin resistance, and dyslipidemia (26, 

31). We believe that treatment of mild thyroid dysfunction with l-thyroxine in children who 

are obese is unnecessary, as TH concentrations normalize following weight loss and 

treatment with l-thyroxine in children who are obese does not improve blood lipids or 

factors related to weight status (26, 31). However, obesity does not protect against 

autoimmune thyroiditis, and this diagnosis should be entertained, evaluated, and treated in 

children with obesity with rising TSH (18, 19).

Strengths of this study include the large sample of children studied, the high percentage of 

participants who were severely obese, which improved the ability to detect obesity-

associated changes in thyroid status, and the use, in addition to BMI, of DXA to examine 

associations between thyroid status and adiposity. Limitations include that we did not have 

FT3 available, and FT4 data were not available in some participants. Additionally, thyroid 

antibodies were not assessed in those with TSH <12 mIU/L; thus some patients with 

untreated or undiagnosed autoimmune thyroiditis may not have been excluded from 

analyses. The cross-sectional design also limits our understanding of the relationship 

between thyroid hormones and obesity. In particular, we could not delineate the potential 

effects of rapid growth during puberty on thyroid function tests.

In summary, we found that measures of adiposity were positively associated with TSH and 

negatively with FT4 in a large pediatric cohort. In the future, it would be worthwhile to 

examine these relationships in a large longitudinal sample to determine how TSH, FT3, and 

FT4 change over time in relation to weight and pubertal status, and also how these changes 

affect leptin and lipid concentrations.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT

• In adults, high adiposity is associated with increased thyroid stimulating 

hormone (TSH) and decreased free thyroxine (FT4).

• Pediatric research into thyroid dysregulation and obesity is less consistent, 

likely due to varying ages, BMI-Z ranges, and sample sizes of cohorts.

• Some but not all studies find leptin is related to TSH and FT4 after controlling 

for measures of adiposity.

WHAT THIS STUDY ADDS

• In a large pediatric cohort (n=1203) oversampled for obesity, TSH was 

positively associated with both BMI-Z and fat mass.

• There was a negative correlation between FT4 and both BMI-Z and fat mass. 

However, the association between FT4 and adiposity was detectable only 

among children <10y only using fat mass, not BMI-Z, partially explaining 

observed inconsistencies in the pediatric literature.

• There was a significant positive relationship between leptin and TSH, even 

after controlling for fat mass, suggesting hyperleptinemia could contribute to 

TSH elevation.
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