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Context: Recent studies have suggested that the association of low thyroid function with high body
mass is restricted to nonsmokers.

Objective: The aim was to study the association of thyroid function with body mass separately for
smokers and never-smokers.

Design and Setting: We conducted a cross-sectional, population-based study.

Subjects: We studied 27,097 individuals older than 40 yr of age who were without previously
known thyroid disease.

Main Outcome Measures: We measured mean body mass index (BMI) and odds ratio for obesity
(BMI �30.0 kg/m2) according to categories of thyroid function, in women and men, and separately
for current smokers and never-smokers. We also studied the association with BMI within the
reference range of TSH (0.50–3.5 mU/liter).

Results: TSH within the reference range was positively associated with BMI (P for trend �0.001 in
all groups) and with the prevalence of obesity (P for trend �0.005 in all groups). Among women,
the association did not differ between current smokers and never-smokers, but in men the asso-
ciation was stronger for current smokers. Hypothyroid function was associated with higher BMI and
higher prevalence of obesity in women (subclinical and overt hypothyroidism) and men (subclinical
hypothyroidism), both in current smokers and in never-smokers.

Conclusion: The association of low thyroid function with high body mass was as least as strong in
current smokers as in never-smokers, and our results clearly show that the association is not limited
to nonsmokers, as previously suggested. (J Clin Endocrinol Metab 94: 5023–5027, 2009)

Among their many metabolic effects, thyroid hor-
mones increase the basal metabolic rate; therefore,

low thyroid function, even within the clinically normal
range, could lead to obesity (1, 2). In support of this hy-
pothesis, several studies of euthyroid people have shown
that low levels of free T4 (2, 3) or high levels of TSH (2, 4,
5) are associated with high body mass index (BMI).

In two recent studies, low thyroid function was asso-
ciated with high BMI in nonsmokers, but among current
smokers, there was no clear association of thyroid func-

tion with BMI (3, 4). Therefore, it was suggested that
smoking could modify the effects that thyroid hormones
appear to have on body mass (3). However, both studies
were relatively small, and the different results for smokers
and nonsmokers could be due to low precision.

In a Norwegian population study of more than 27,000
individuals, we therefore assessed whether thyroid func-
tion is associated with body mass, and in stratified anal-
yses, we studied this association separately for current
smokers and never-smokers.
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Subjects and Methods

Study population
Between 1995 and 1997, all inhabitants at least 20 yr old in

Nord-Trøndelag County in Norway were invited to participate
in the Nord-Trøndelag Health Study (HUNT). A total of 92,936
individuals were invited, and 66,140 (71.2%) attended. The par-
ticipants were asked to complete a self-administered questionnaire
that included a range of health-related questions, including ques-
tions about smoking habits and history of thyroid disease (6).
Among clinical measurements, standardized measurements of
height, weight, blood pressure, and heart rate were included (7).

A nonfasting venous blood sample was drawn from each par-
ticipant, and serum concentrations of TSH were measured in
subsamples of the population. These samples included all women
more than 40 yr old and a 50% random sample of men older than
40 yr. In total, TSH was measured in 32,781 individuals (22,662
women and 10,119 men) from these samples. People with TSH
below 0.20 mU/liter also had free T4 and total T3 measurements,
and in people with TSH above 4.0 mU/liter, free T4 was mea-
sured. The Norwegian population is considered to have suffi-
cient iodine intake (8).

Laboratory measurements
Concentrations of TSH, free T4, and total T3 were measured

at the Hormone Laboratory, Aker University Hospital, Oslo,
using DELFIA hTSH Ultra (sensitivity, 0.03 mU/liter; total an-
alytical variation, �5%), DELFIA FT4 (total analytical varia-
tion, �7%), and AutoDELFIA T3 (total analytical variation,
�5%), respectively, all from Wallac Oy (Turku, Finland). Refer-
ence ranges for TSH in this population have been published previ-
ously (6), and the reference range for TSH in this study was defined
as 0.50–3.5 mU/liter. The laboratory reference ranges were 8–20
pmol/liter for free T4, and 1.2–2.7 nmol/liter for total T3.

Statistical analysis
Among 32,781 individuals with TSH measurements, we ex-

cluded people with previously known thyroid disease (n �
2,831) or missing information on height, weight, or smoking
status (n � 996). In addition, we excluded those who died within
the first 5 yr after data collection (n � 1,857, identified by data
linkage to the National Registry) to reduce a possible bias from
effects that serious nonthyroidal disease could have on thyroid
function tests or on BMI. Thus, 27,097 individuals (18,317
women and 8,780 men) were eligible for analysis in this study.

The participants were placed in seven categories according to
thyroid function: one category of biochemically overt hyperthy-
roid function (defined as TSH �0.20 mU/liter combined with
free T4 �20.0 pmol/liter and/or total T3 �2.7 nmol/liter); one
category of probable subclinical hyperthyroid function (TSH
0.20–0.49 mU/liter, or TSH �0.20 mU/liter, and neither free T4

nor total T3 above the reference range); three categories of TSH
within the clinical reference range (0.50–1.4, 1.5–2.4, and 2.5–
3.5 mU/liter); one category of probable subclinical hypothyroid
function (TSH 3.6–4.0 mU/liter, or TSH � 4.0 mU/liter and free
T4 �8.0 pmol/liter); and one category of biochemically overt
hypothyroid function (TSH �4.0 mU/liter and free T4 �8.0
pmol/liter).

BMI was calculated as weight (in kilograms) divided by the
squared value of height (in meters), and obesity was defined as
BMI �30.0 kg/m2.

In a linear regression analysis, we calculated mean BMI [with
95% confidence intervals (CIs)] within each of the seven categories
of thyroid function. We compared mean BMI in the hyperthyroid
or hypothyroid groups with mean BMI in people with TSH in the
lower third of the reference range (0.50–1.4 mU/liter).

Within the reference range of TSH, we estimated partial re-
gression coefficients that express mean difference in BMI per unit
difference in TSH and tested whether this association displayed
a linear trend (expressed as P values for trend). These assessments
were done using both log-transformed and nontransformed BMI
values, but the results were nearly identical, and we therefore
present the nontransformed results.

In a logistic regression analysis, we calculated odds ratios (OR;
with 95% CIs) of obesity for each category of thyroid function,
using people with TSH levels of 0.50–1.4 mU/liter as the reference
group. Using TSH as a continuous variable, we tested whether TSH
within the reference range was linearly associated with the preva-
lence of obesity (expressed as P values for trend).

We analyzed women and men separately because the preva-
lence of thyroid dysfunction substantially differs by sex. All re-
sults were age-adjusted. The overall results were adjusted for
smoking status (never, former, and current smokers; former
smokers were subdivided by years since smoking cessation), and
in a stratified analysis, we assessed the association of thyroid
function with BMI separately for never-smokers and current
smokers. We also examined whether the associations of thyroid
function with body mass differed between current smokers and
never-smokers (expressed as P values for interaction).

In supplementary analyses, we also adjusted for physical ac-
tivity, heart rate, month of serum collection, and average number
of cigarettes smoked per day, but the results were not substan-
tially altered after these adjustments. Also, the results remained
essentially similar after the exclusion of participants with known
cardiovascular disease, diabetes, serious renal failure, or cancer.

For men with overt hyperthyroidism (n � 4) or overt hypo-
thyroidism (n � 21), the low number of participants precluded
meaningful estimates. Their results were therefore omitted.

All statistical analyses were conducted using SPSS statistical
software, version 14.0, for Windows (SPSS Inc., Chicago, IL).

The study was approved by the regional committee for med-
ical research ethics and by the Norwegian Data Inspectorate, and
all participants gave their informed consent. The HUNT study is
a collaborative effort of the Faculty of Medicine, the Norwegian
University of Science and Technology; the Norwegian Institute
of Public Health; and Nord-Trøndelag County Council.

Results

TSHwithin the reference range (0.50–3.5mU/liter)waspos-
itively associated with BMI in both sexes, both overall and
separately, for never-smokers and current smokers (P for
trend �0.001 for all groups). Overall, BMI was 0.41 kg/m2

(95% CI, 0.31–0.51 kg/m2) higher per unit higher TSH in
women, and 0.48 kg/m2 (95% CI, 0.36–0.59 kg/m2) higher
per unit higher TSH in men, after adjustment for age and
smoking status. The stratified analysis showed that BMI in
never-smokingwomenwas0.38kg/m2 (95%CI,0.24–0.52
kg/m2) higher per unit higher TSH, compared with 0.50
kg/m2 (95% CI, 0.31–0.69 kg/m2) in current smokers.
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Among men, BMI was 0.32 kg/m2 (95% CI, 0.12–0.51 kg/
m2) higher per unit higher TSH in never-smokers, and 0.81
kg/m2 (95% CI, 0.59–1.03 kg/m2) higher in current smok-
ers. In other words, the association of TSH with BMI was sim-
ilar for current smokers and never-smokers in women (P for
interaction�0.69),whereas inmen, theassociationwas in fact
stronger among current smokers (P for interaction � 0.003).

Compared with BMI of women with TSH of 0.50–1.4
mU/liter (26.8 kg/m2), BMI was higher in women with
subclinical (27.7 kg/m2; P � 0.001) or overt hypothyroid-
ism (28.0 kg/m2; P � 0.002). In men with subclinical hy-
pothyroidism, BMI was also higher (27.6 kg/m2; P �
0.001), compared with men with TSH of 0.50–1.4 mU/
liter (26.6 kg/m2). These differences were present in both
never-smokers and current smokers and did not differ by
smoking status (P for interaction � 0.76 in women and P
for interaction � 0.22 in men). There was no significant
association of hyperthyroid function with BMI (Fig. 1).

TSH within the reference range was positively associ-
ated with obesity in both sexes, both overall and within
strata of never-smokers and current smokers (P for trend
�0.005 in all groups) (Table 1). Compared with women
with TSH in the lower third of the reference range (0.5–1.4
mU/liter), obesity was 30% more common (OR, 1.30)
among women with TSH in the upper third (2.5–3.5 mU/
liter), with no substantial difference between never-smok-
ers and current smokers. Among men with TSH of 2.5–3.5
mU/liter, the prevalence of obesity was about 50% higher
(OR, 1.53) than for men with TSH of 0.50–1.4 mU/liter.
The association appeared to be stronger for current smok-
ers (OR, 2.57) than for never-smokers (OR, 1.47), but the
difference between smokers and never-smokers was not
statistically significant (P for interaction � 0.10).

Compared with women with TSH of 0.50–1.4 mU/
liter, the prevalence of obesity was higher in women with
subclinical (OR, 1.54) or overt hypothyroidism (OR,
1.66). The associations appeared to be stronger among
current smokers (OR of 2.32 for subclinical and OR of
2.79 for overt hypothyroid function) than among never-
smokers (OR of 1.50 for both subtypes of hypothyroid
function), but the difference between smokers and never-
smokers was not statistically significant (P for interac-
tion � 0.09). In men with subclinical hypothyroidism,
obesity was about twice as common as in men with TSH
of 0.50–1.4 mU/liter, both in the population as a whole
(OR, 1.83), and separately, among never-smokers (OR,
2.00) and current smokers (OR, 2.23) (Table 1).

Discussion

In this population study of 27,097 people without previ-
ously known thyroid disease, low thyroid function was
associated with high body mass, and the association was
present for women and men, both among current smokers
and never-smokers. Thus, our results show that the asso-
ciation of low thyroid function with high body mass is not
limited to nonsmokers, as previously suggested (3).

Our findings differ from those of two other studies in
which low thyroid function, expressed as either high TSH
(4) or low free T4 (3) levels, was associated with high BMI
among nonsmokers, but not in smokers. Our study is sub-
stantially larger and allows higher precision of the esti-
mates, both overall and in stratified analyses of smokers
and never-smokers.

Two hypotheses have been proposed to explain the re-
lation of thyroid function with body mass. First, it has
been suggested that adipose tissue may influence thyroid
function, possibly through effects of leptin and other adi-
pokines (9). In support of this hypothesis, it has been ob-
served that weight reduction in obese individuals may be

FIG. 1. Mean BMI (with upper limit of 95% CI) by categories of
thyroid function, in women (A) and men (B), both overall (age- and
smoking-adjusted) and in strata of never-smokers and current smokers
(age-adjusted).
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followed by reduced thyroid function (10, 11), and that
weight gain in patients with anorexia nervosa may be as-
sociated with subsequent increase in thyroid function
(12). The second hypothesis suggests that low thyroid
function may lead to obesity, possibly mediated by lower
basal metabolic rate (2). In support of this, clinical studies
have shown that T4 treatment of hypothyroidism may lead
to weight reduction (13, 14), and it has been observed that
treatment of hyperthyroidism may lead to weight gain
(15). Also, the results of some cross-sectional population
studies suggest that both low free T4 (2, 3) and high TSH
levels (2, 4, 5) are associated with higher BMI. Within their
specific contexts, both hypotheses may be reasonable, but
in the general population it seems more plausible to in-
terpret associations between thyroid function and body
mass as effects of thyroid hormones, rather than suggest-
ing an influence of body mass on thyroid function (2).

In conclusion, we found that the association of low
thyroid function with high body mass was at least as
strong in current smokers as in never-smokers, and our
results clearly show that the association is not limited to
nonsmokers, as previously suggested.
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Meinders AE, Pijl H 2005 High circulating thyrotropin levels in
obese women are reduced after body weight loss induced by caloric
restriction. J Clin Endocrinol Metab 90:4659–4663

11. Reinehr T, de Sousa G, Andler W 2006 Hyperthyrotropinemia in
obese children is reversible after weight loss and is not related to
lipids. J Clin Endocrinol Metab 91:3088–3091

12. Onur S, Haas V, Bosy-Westphal A, Hauer M, Paul T, Nutzinger D,
Klein H, Müller MJ 2005 L-Tri-iodothyronine is a major determi-
nant of resting energy expenditure in underweight patients with
anorexia nervosa and during weight gain. Eur J Endocrinol 152:
179–184

13. Razvi S, Ingoe L, Keeka G, Oates C, McMillan C, Weaver JU 2007
The beneficial effect of L-thyroxine on cardiovascular risk fac-
tors, endothelial function, and quality of life in subclinical hy-
pothyroidism: randomized, crossover trial. J Clin Endocrinol
Metab 92:1715–1723

14. Tzotzas T, Krassas GE, Konstantinidis T, Bougoulia M 2000
Changes in lipoprotein(a) levels in overt and subclinical hypothy-
roidism before and during treatment. Thyroid 10:803–808

15. Dale J, Daykin J, Holder R, Sheppard MC, Franklyn JA 2001 Weight
gain following treatment of hyperthyroidism. Clin Endocrinol (Oxf)
55:233–239

J Clin Endocrinol Metab, December 2009, 94(12):5023–5027 jcem.endojournals.org 5027

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/94/12/5023/2597181 by guest on 09 April 2024


