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Abstract
Background: Our aim was to study the relationship between thyroid function and body weight in a large Finnish adult population, taking into account the effect of 
gender, because the results of previous studies are conflicting. 

Methods: A random sample of 4500 Finnish subjects aged 45–74 years old was selected from the National Population Register. The participation rate was 64%. 
Height, weight, waist circumference, and blood pressure were measured. Medications used, current smoking, the use of alcohol, and leisure-time physical activity 
(LTPA) wereas queried. Thyroid values (free T4, free T3, and TSH) were measured in 1307 men and 1434 women. Subjects receiving thyroid hormone (N=92) 
were excluded.

Results: The mean age of the subjects was 59.7 years and their mean body mass index (BMI) was 27.4 kg/m2. After adjustment for age, LTPA, and current smoking, 
TSH showed no linearity (p=0.09) across increasing BMI; in women TSH ranged from 1.85 ± 1.15 to 2.02 ± 1.29 IU/L and in men, from 1.79 ± 1.19 to 2.04 ± 1.33 
IU/L (p=0.13). FT3 -values increased from 3.85 ± 0.67 to 3.97 ± 0.59 pmol/L in women (p=0.004), but not in men, with increasing BMI. FT4 -values decreased 
from 13.78 ± 2.07 to 13.31 ± 1.91 pmol/L with increasing BMI in men (p<0.001 for linearity), but not in women. 

Conclusions: TSH values did not increase along with BMI in men and women with BMI, but FfT3 levels increased in women, and FfT4 levels decreased in men 
along with increasing BMI. The reasons for these gender differences need further research.
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Introduction 
The growing prevalence of overweight and obesity is an important 

global health problem all over the world. The most recent NHANES 
data from the United States shows that 40% of men and 30% of women 
were overweight and 35% of men and 37% of women were obese [1]. 
Of the Finnish adult population aged 30 years or more, 46% of men and 
33% of women are overweight and 23% of men and 26% of women are 
obese [2]. While weight gain is largely attributable to an imbalance in 
energy intake and expenditure, it is also a common finding in thyroid 
dysfunction [3]. Resting energy expenditure (REE), which comprises 
around 60% of total energy expenditure in an adult man, is high in 
overt hyperthyroidism and low in overt hypothyroidism [4].

The association between obesity and thyroid function is complex, 
because overeating with accumulation of fat and the development of 

obesity seems to activate the hypothalamic-pituitary-thyroid axis, 
leading to changes in thyroid function tests, which overlap with 
abnormalities seen in primary thyroid disease [5].

In many studies, higher levels of thyroid stimulating hormone 
(TSH) are found with a higher body mass index (BMI), and the 
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opposite association was observed between serum free thyroxine (fT4) 
and BMI [6,7]. In the Norwegian Nord-Trøndelag health cohort study, 
associations between baseline TSH, weight, and BMI were investigated 
in 15 020 euthyroid (serum TSH 0.5–3.5 mU/L) individuals for 10.5 
years [8]. In women, for every 1 mU/L increase in baseline serum TSH, 
there was a 0.9 kg increase in body weight and a 0.3 kg/m² increase 
in BMI, whereas in men the same increase was 0.8 kg in weight and 
0.2 kg/m² in BMI [8]. Results on the association between serum free 
triiodothyronine (fT3) and BMI are conflicting: the Norwegian study 
found no association [8], yet in many studies a positive association was 
observed between serum fT3 and BMI [9,10].

Thyroid function changes after weight loss. In a retrospective 
study of 258 euthyroid morbidly obese patients who underwent gastric 
banding, thyroid function was measured before and 24 months after 
the bariatric surgery. Following weight loss, fT3 levels decreased and 
fT4 increased, with no changes in serum TSH [11]. The mean TSH 
levels declined from 2.45 mU/L to 1.82 mU/L, but there was no change 
in fT4 -levels within 6–12 months after weight loss, as determined by 
sleeve gastrectomy of 38 morbidly obese subjects [12].

Our aim was to study the relationship between thyroid function 
and body weight in a large Finnish adult population, taking into 
account the effect of gender, because the results of previous studies are 
conflicting.

Materials and methods
Study population

The FIN-D2D (Finnish Type 2 Prevention project) survey 
was carried out in the hospital districts of Pirkanmaa, Southern 
Ostrobothnia, and Central Finland between October and December 
2007.

A random sample of 4500 subjects 45–74 years old was stratified 
according to gender and further into 10-year age groups (45–54, 55–
64, and 65–74 years) and three geographical areas. The sample was 
selected from the National Population Register in August 2007. The 
study participants were invited by mail to a clinical examination. The 
overall participation rate was 64%. Thus, the main study included 2896 
individuals, of which 1396 were men (62% of the men invited) and 
1500 were women (66.7% of the women invited).

Thyroid values were measured in 2741 subjects (1434 women and 
1307 men) in the year 2013. Thyroid hormone was used by 92 subjects. 
These subjects and anti-thyroid drug users were excluded from the 
analysis. The final study population was 2649 (1350 women and 1299 
men).

The study protocol was approved by the ethics committee 
of the Hospital District of Helsinki. All participants gave their 
written, informed consent prior to participation in the study. The 
health examination was carried out according to the World Health 
Organization’s (WHO) MONICA project (Multinational MONItoring 
of trends and determinants in CArdiovascular disease) and the WHO 
Expert Group for glucose assessments.

The participants reported their leisure-time physical activity (LTPA) 
according to three categories: 1. low: almost completely inactivate; 2. 
moderate: some physical activity more than 4 hours per week; 3. high: 
vigorous physical activity many times a week. Current smoking and use 
of alcohol were also queried. The participants were also asked whether 
they were using thyroid hormones or lipid-lowering, antihypertensive, 

antidepressive, or antihyperglycemic medications. Their history of 
diabetes, cancer, and cardiovascular diseases (myocardial infarction, 
coronary artery by-pass and angioplasty, stroke) was queried, as well.

Height, weight, and waist circumference were measured by 
nurses who were specially trained for the survey procedures. Height 
was measured to the nearest 0.1 cm, and weight was measured to the 
nearest 0.1 kg in light clothing. Body mass index (BMI) was calculated 
as weight (kg) divided by the height squared (m2). Normal weight was 
categorized according to the WHO as BMI <25.0 kg/m2, overweight 
BMI 25.0–29.9 kg/m2 and obesity with BMI >30.0 kg/m2. Blood pressure 
(BP) was measured twice, in a sitting position after a minimum of 15 
min of acclimatization using a mercury sphygmomanometer, and the 
latter measurement was used in the analysis.

Laboratory analysis

After an overnight fast, venous blood samples for serum lipid 
assays were drawn into a gel tube containing a clot activator, and 
samples for a plasma glucose assay were drawn into a fluoride citrate 
tube (Venosafe, Terumo Europe). The samples were immediately 
frozen after separation of serum and plasma, and they were transferred 
to the laboratory in dry ice once a week for analyses. The rest of the 
samples were kept at - 70˚C.

Serum total cholesterol, HDL -cholesterol, triglycerides, and 
plasma glucose concentrations were determined enzymatically using 
commercial reagents from Abbott Laboratories (Abbott Park, USA) 
inat the Laboratory of Analytical Biochemistry at the National Public 
Health Institute, Helsinki (Disease Risk Unit, Institute for Health and 
Welfare since 2009).

Free T4 (fT4), free T3 (fT3), and TSH were measured from frozen 
EDTA -plasma samples with a Cobas e601 (Roche Diagnostics) 
automated analyzer in the Islab-laboratory of the University of Eastern 
Finland, Kuopio, in the year 2013. The reference values for free T4, 
free T3, and TSH were 11–22 pmol/L, 3.1–6.8 pmol/L, and 0.3–4.2 
mU/L, respectively. Serum thyroid antiperoxidase antibodies were 
measured in about 30% of the study population with an Architect® 
(Abbott Laboratories) automated analyzer. The analytical sensitivity 
of the assay is 0.16 IU/mL and the upper reference limit is 6.0 IU/mL.

Statistical analysis

The data are presented as means with standard deviations (± SD) 
or as counts with percentages. Statistical significance for hypotheses 
of linearity across the three BMI level groups (<25.0, 25.0–29.9 and 
≥30.0 kg/m²) was evaluated by one-way analysis of variance (ANOVA), 
Jonckheere-Terpstra test, or Cochran-Armitage test. Linearity of 
thyroid markers across the BMI groups was tested by using general 
linear models with an appropriate contrast adjusted for age, current 
smoking, and LTPA. In the case of a violation of the assumptions (e.g. 
non-normality), a bootstrap-type test was used. The normality of the 
variables was tested by using the Shapiro-Wilk W test.

Results
The mean age of the study population was 59.7 years (women 59.2 

years and men 60.0 years). The mean BMI of both men and women 
was 27.4 kg/m². Table 1 shows that the use of antihypertensive, lipid-
lowering medication (p<0.001 for linearity) and antidepressants 
(p=0.006 in women and 0.020 in men) increased in both genders 
with increasing BMI. Total triglycerides, fasting plasma glucose and 
hypertension also increased with increasing BMI (p<0.001 for linearity). 
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Body Mass Index P-value*
< 25.0 25.0–29.9 ≥ 30

Women
Number 476 515 359
Demographic:
Age, years, mean ± SD 57 ± 8 60 ± 8 61 ± 8 < 0.001
Waist, cm, mean ± SD 79 ± 6 90 ± 6 106 ± 10 < 0.001
Clinical:
Blood pressure, Hg/mm
Systolic, mean ± SD 130 ± 18 137 ± 18 141 ± 17 < 0.001
Diastolic, mean ± SD 79 ± 9 81 ± 9 83 ± 9 < 0.001
Biochemical:
Total cholesterol, mmol/L, mean ± SD 5.46 ± 0.87 5.58 ± 0.97 5.55 ± 1.05 0.15
HDL cholesterol, mmol/L, mean ± SD 1.69 ± 0.35 1.54 ± 0.31 1.38 ± 0.27 < 0.001
Total triglycerides, mmol/L, mean ± SD 1.01 ± 0.40 1.29 ± 0.60 1.60 ± 0.67 < 0.001
Fasting plasma glucose, mmol/L, mean ± SD 5.78 ± 0.81 5.99 ± 0.92 6.42 ± 1.26 < 0.001
Medication, n (%)
Antihypertensive medication 100 (21) 174 (34) 178 (50) < 0.001
Lipid-lowering medication 45 (9) 105 (20) 88 (25) < 0.001
Use of antidepressants 22 (5) 34 (7) 34 (9) 0.006
Lifestyle factors, n (%)
Current smoker, n (%) 112 (24) 106 (21) 49 (14) < 0.001
Leisure-time physical activity (LTPA), n (%) < 0.001
Low 51 (11) 87 (17) 99 (29)
Moderate 296 (64) 303 (60) 191 (56)
High 119 (26) 116 (23) 50 (15)
Diseases, n (%)
Cardiovascular 12 (3) 20 (4) 15 (4) 0.18
Diabetes 25 (5) 58 (11) 96 (27) < 0.001
Cancer 7 (1) 10 (2) 8 (2) 0.39
Men
Number 374 641 284
Demographic:
Age, years, mean ± SD 59 ± 9 60 ± 8 61 ± 8 0.003
Waist, cm, mean ± SD 88 ± 6 100 ± 6 116 ± 9 < 0.001
Clinical:
Blood pressure, Hg/mm
Systolic, mean ± SD 133 ± 17 139 ± 18 144 ± 18 < 0.001
Diastolic, mean ± SD 80 ± 10 83 ± 10 86 ± 10 < 0.001
Biochemical:
Total cholesterol, mmol/L, mean ± SD 5.34 ± 0.96 5.36 ± 1.01 5.24 ± 1.06 0.25
HDL cholesterol, mmol/L, mean ± SD 1.45 ± 0.33 1.31 ± 0.31 1.17 ± 0.24 < 0.001
Total triglycerides, mmol/L, mean ± SD 1.13 ± 0.56 1.51 ± 1.00 1.94 ± 1.26 < 0.001
Fasting plasma glucose, mmol/L, mean ± SD 6.08 ± 0.71 6.45 ± 1.30 6.84 ± 1.58 < 0.001
Medication, n (%)
Antihypertensive medication 75 (20) 219 (34) 166 (58) < 0.001
Lipid-lowering medication 70 (19) 173 (27) 82 (29) 0.002
Use of antidepressants 8 (2) 26 (4) 16 (6) 0.020
Lifestyle factors, n (%)
Current smoker, n (%) 115 (31) 157 (24) 51 (18) < 0.001
Leisure-time physical activity (LTPA), n (%) < 0.001
Low 54 (15) 101 (16) 94 (34)
Moderate 189 (52) 388 (62) 153 (56)
High 122 (33) 137 (22) 27 (10)
Diseases, n (%)
Cardiovascular 28 (7) 77 (12) 40 (14) 0.006
Cancer 13 (4) 28 (5) 8 (3) 0.74
Diabetes 38 (10) 122 (19) 109 (38) < 0.001

*p for linearity ANOVA, Jonckheere-Terspstra test or Cochran-Armitage test, SD = standard deviation.

Table 1. Basic demographic, clinical, and lifestyle characteristics of the study population according to BMI < 25.0, 25.0–29.9, and ≥ 30 kg/m² in women and men.
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Current smoking and LTPA decreased with increasing BMI in both 
sexes (p for linearity <0.001). Diabetes increased with increasing BMI 
in women and men (p for linearity <0.001). Cardiovascular diseases 
increased in men (p=0.006), but not in women. Reported cancer had 
no correlation with increasing BMI in either sex.

Table 2 shows that TSH did not show linearity across increasing BMI 
in women or men in the analysis adjusted for age, current smoking, and 
LTPA. FT3 -values increased from 3.85 ± 0.67 pmol/L to 3.97 ± 0.59 
pmol/L in women (p=0.004), but not in men (p=0.18), with increasing 
BMI. FT4 -values decreased from 13.78 ± 2.07 pmol/L to 13.31 ± 1.91 
pmol/L with increasing BMI in men (p<0.001 for linearity), but not in 
women (p=0.32 for linearity). The fT3/fT4 -ratio increased significantly 
in both sexes with increasing BMI (p<0.001 for linearity). 

In the subpopulation whose serum TPO antibodies were measured, 
these results were not materially changed (data not shown). Further, 
substitution of waist circumference for BMI did not change the 
interpretation of the results.

Discussion
This Finnish population- based study found an interesting gender 

difference between thyroid values and BMI. In women, but not in 
men, serum fT3 values increased significantly with increasing BMI. 
However, in men, serum fT4 values decreased with higher BMI, but in 
women we did not find any change. The fT3/fT4 ratio increased in both 
sexes. In women it was due to the increased levels of fT4, while in men 
this increase was due to the decreased levels of fT4.

TSH values did not increase in men or women along with BMI after 
adjustments for age, current smoking, and LTPA. This is not in the line 
with a recent review of studies of the relationship between TSH and 
anthropometric measures in euthyroid subjects, which found that 18 
of the 29 studies showed a positive relationship between adiposity and 
TSH [13].

The reason for the increase in fT3 found in our study only in 
women is not entirely clear. 

A recent study analysed 3014 children who had thyroid function 
measured at age 7, and also underwent dual x-ray absorptiometry 
scans at ages 9.9 and 15.5 years and who have genetic data available. In 
this study it was found that children with genetically higher BMI had 
higher fT3, but not fT4- levels, indicating that a higher BMI/fat mass 

has a causal role in increasing fT3 levels [14]. This may also explain 
our results where women with increasing BMI and fat mass had higher 
fT3-levels.

Adipocyte hormone leptin may play a role in regulating this 
process [15]. Leptin serves as a signal to the central nervous system 
regarding energy balance and the presence of energy stores. Leptin 
promotes thyrotropin- releasing hormone gene expression directly in 
the paraventricular nucleus, ultimately stimulating TSH release [16-
18]. Leptin may also increase T4 to T3 conversion by deiodinases in 
a tissue-specific fashion [19]. This has been interpreted as a defense 
mechanism, capable of counteracting the accumulation of fat by 
increasing the energy expenditure. In fact, women generally have 
higher weight-adjusted leptin levels than men, and this may be offer 
one explanation for the gender difference in the T3/T4 -ratio found 
herein [20]. In some studies fT3 has been shown to have no association 
or to be positively associated with BMI in euthyroid subjects, without 
gender differences. In a longitudinal study, higher fT3 and fT4 were 
associated with a greater risk of becoming obese over a six-year 
follow-up [6,7,20-22]. The authors thought that the changes in the 
thyroid hormones could be the consequence, rather than the cause, of 
the increase in weight [23]. In elderly subjects, baseline total T3 had 
no association with baseline weight or weight change over six years 
[24]. An interesting finding is that T3 -substitution therapy may be 
associated with greater weight loss compared with T4 -therapy, even 
with the same normal level of TSH [25]. A randomized 15-week Dutch 
study on the effect of T4+T3 combination therapy versus T4 alone 
for hypothyroidism also observed a greater decrease in body weight 
during the combined therapy [26]. An association between increased 
waist circumference and thyroid dysfunction, independently of overall 
obesity, has been found among Mexican American subjects [27]. In 
general, men have a larger waist circumference, and compositional 
changes in fat distribution may explain some of the gender differences. 

Most studies have reported a general trend toward low/normal 
levels of fT4 in obese subjects [14,18,28]. A recent Tehran study had 
a 10-years longitudinal cohort, with 971 women and 784 men. They 
found in both genders a positive relationship between changes in TSH 
and waist circumference and a negative association between changes in 
fT4 levels and weight over time. FT3 -values were not measured [29]. 
One explanation is that reduced thyroid function measured by fT4 is a 
way of signalling of abundant energy reserves and consequent changes 
in deiodinase tissue-specific activity, promoting relatively more T3 

Body Mass Index(kg/m²) P for linearity1

< 25.0
Mean ± SD

25.0–29.9
Mean ± SD

≥ 30
Mean ± SD

TSH, IU/L 
Women 1.85 ± 1.15 1.95 ± 1.22 2.02 ± 1.29 0.096
Men 1.79 ± 1.19 1.87 ± 1.22 2.04 ± 1.33 0.13
fT3, pmol/L 
Women 3.85 ± 0.67 3.90 ± 0.65 3.97 ± 0.59 0.004
Men 4.11 ± 0.67 4.19 ± 0.70 4.21 ± 0.64 0.18
fT4, pmol
Women 13.19 ± 2.00 13.07 ± 2.04 13.21 ± 2.11 0.32
Men 13.78 ± 2.07 13.44 ± 2.09 13.31 ± 1.91 < 0.001
fT3/fT4
Women 0.294 ± 0.042 0.302 ± 0.045 0.304 ± 0.048 < 0.001
Men 0.301 ± 0.045 0.315 ± 0.048 0.319 ± 0.048 < 0.001

1Adjusted for age, current smoking, and LTPA. Tested by general linear models, normality tested by Shapiro-Wilk W test; if non-normality, then a bootstrap-type test was used. SD = standard 
deviation

Table 2. Thyroid values and their linearity across BMI < 25.0, 25.0–29.9, and ≥ 30 kg/m² in men and women.
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-production in females. Why the T3 increase in women with increasing 
BMI does not lower TSH is not clear, but may be due to obesity-related 
resistance to T3 action at the hypothalamic or hypophyseal level.

Smoking is related to both serum TSH and BMI. Smokers generally 
have a lower TSH concentration and BMI than non-smokers, but in 
some studies age and smoking status did not statistically modify the 
association between BMI and TSH in men or women [6,30]. In this 
study we adjusted the results for current smoking.

The strength of this study is rather large, randomly selected 
population, with both men and women aged 45–74 years. FT4 and fT3 
were collected in addition to TSH, allowing accurate categorization 
of the participants according to BMI and thyroid values. We also 
have collected data regarding smoking, LTPA and medication for 
hypertension, lipids and depression, known cardiovascular diseases, 
cancer, and diabetes. We adjusted the data for age, current smoking, 
and LTPA—, men and women separately. The use of antidepressant 
medication and depression increased with increasing BMI. This 
association is known from many epidemiological studies [31,32].

The limitation of this study is its cross-sectional design and that 
TPO-antibodies were measured only in randomly selected 30% of the 
subjects. However, in this subsample TPO-antibody positivity did 
not alter the results. Further, the results are based on middle-aged 
subjects and the results cannot be generalized to younger or older age-
groups. Further, one draw-back is that iodine status by urinary iodine 
concentration was not assessed. Despite long tradition of dietary salt 
supplementation, the intake of dietary iodine seems to have declined, 
and according to the latest estimates Finland is classified as a mild 
iodine deficiency area [33]. However, by definition obese people 
require more energy than non-obese to maintain their body mass, and 
therefore their dietary salt intake is not likely to be any lower than those 
with less body weight.

Conclusions
We found that a higher BMI was associated with higher fT3 in 

women, but not in men, when adjusted for age, current smoking, and 
LTPA in 1350 women and 1299 men not using thyroid hormone. In 
men, fT4 values decreased with increasing BMI, but in women we 
found no change. These gender differences are intriguing, and need 
further investigation. 
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