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Abstract: The present research was conduted to examine the relationship between thyroid function and body
mass index. A cross-sectional study was carried out in Lar province and its' vicinity in south of Iran. By
stepwise random sampling from all public girls' high schools, 227 high school participants (aged 12-21) were
selected. Serum samples were collected and assayed for Triiodothyronine (T3), thyroxine (T4), thyroid
stimulating hormone (TSH), reverse triiodothyronine (1rT3), free thyroxme (FT4), free triiodothyronine (FT3).
Weight and height were measured and body mass index (BMI) were calculated (weight (kg)/height® (m)).
Subgroup analysis was done according to body mass index. TSH, T4 andrT3 were correlated with BMI
(r=066,p=0.001 and r= 012, p=0.05 and r= 0.65, p = 0.001, respectively). Adolescent girls with
BMI = 25 kg m ™ showed higher serum TSH, T4 and rT 3 than subjects with BMI < 25 kg m ™ (p = 0.001, p = 0.05
and p = 0.001, respectively). Present results showed that, although thyroid function was normal 1 the studied
participants TSH and T3 were positively correlated to BMI. TSH and rT3 could present a marler of altered
energy balance in overweight and obese adolescent girls.
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INTRODUCTION

Mamtenance of weight gain or loss 13 associated with
compensatory changes in energy expenditure that oppose
the maintenance of a body weight that is different from
the usual weight (Leibel et al., 1995). Weight gain results
when energy intake exceeds energy expenditure and even
a modest, but sustamed, reduction in energy dissipation
is a predisposing factor for the disorder. Thyroid
hormoenes (tri-iodothyromine, T3 and its precursor
thyroxine, T4) play an important role m development
and physiology of vertebrate orgamsms and altered
T3/T4 levels manifest themselves in energy metabolism
and body growth (Forrest, 1994; Freake and Oppenheimer,
1995),

Thyroid hormones have been indicated to have at
least a permissive role in adaptive thermogenesis by
influencing several aspects of energy metabolism, such as
substrate cycling, ion cycling and mitochondrial proton
leaks (Wu et al., 2000). Whether a deficit in resting energy
expenditure plays a role in the development of weight gain
leading to obesity is matter of debate (Goran, 2000).

With respect to thyroid function, there are conflicting
results in the literature with hugher, lower or similar thyroid
hormone levels in obese compared with normal weight
subjects (Chomard et al, 1985, Duntas et al, 1991;
Naslund et al., 2000). Some studies have focused on the

relationship between leptin and energy expenditure as
well as thyroid function. Leptin physiologically increases
energy expenditure (Niskanen ef al., 1997), but mn obesity
the situation is less clear due to the condition of leptin
resistance of most obese patients (Lonngvist et al., 1999).
As far as thyroid function is concerned, hypothyroid
patients have been reported to have higher levels
of leptin than healthy subjects matched for body
mass index (Leonhardt et al, 1998), but other studies
have not confirmed this finding (Sesmilo ef al., 1998;
Diekman et al., 1998). Experiments on animals have shown
a correlation between thyroid hormones and changes in
weight (Koristschoner et al., 2001).

The possible implications of these slight differences
in thyroid function for the risk of gammg weight and
developing overweight or obesity have high actually
with the present worldwide epidemic of obesity and
complications associated with obesity. Overweight and
obesity are now considered as a serious health problem,
with an increasing prevalence worldwide (Allison et af.,
1996). Life style is undoubtedly of major importance for
weight gain in the population, but interaction with other
factors 1s far from elucidated m detail. Therefore, in order
to evaluate a possible association between thyroid
hormone levels and body mass index, we conducted a
cross-sectional population based study in adolescent
Iraman girls.
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MATERIALS AND METHODS

Participants: A cross-sectional study was carried out in
Lar province and its' vicimty m southern Islamic Republic
of Tran. By stepwise random sampling from grades 1 to 4
high-school girls 227 participants (aged 12 to 21 years old)
were selected. Participants with a lustory of thyroid
disease or with endocrine or metabolic disorders and who
were taking thyroid hormones or iodine-containing drugs
were excluded. Participants were given an oral and a
written explanation of the study.

Demographic data, menstruation, any concurrent
illness history, medication and vitamin and mineral
supplementation were collected by interviews
anthropometric indices were determined for
participant.  Anthropometric  assessments  included
measurement of weight and height. Body weight was
measured to the nearest 0.1 kg using the Seca 713 scale
while subjects were mimmally clothed. Height was
determined using measuring tape without shoes and
subsequently body mass index was calculated by dividing
weight (kg) by squared height (m?).

and
each

Biochemical analyses: Ten milliliter fasting venous blood
samples were drawn from the arm for determination of
total and free thyroxine, total and free triiodothyronine,
thyrotropin, T3RU and reverse triodothyromne. Serum
tT4, 113, TSH, {T4, £T3, T3RU and r'T3 were determined by
radioimmunocassay (Henry 1996), using commercially
available kits (Belgium ZenTech for rT3 and American
DSL for the rest).

Normal values for thyroid hormone indices, as
indicated by the manufacturers of the assay kits, were
as follows: TSH (mIU mL™): 0.5-5.1, tT4 (ug dL ™"
3.4-13.6, T4 (pgmL ") 8.0-20.0, tT3 (ngdL"): 61-219,
fT3 (pgmL ™" 1.5-5.0, rT3 (ng dL™"): 20-50 and T3RU
(%0): 30-40.

Statistical analyses: Statistical analyses were performed
by SPSS statistical software (11.0 version, SPSS Inc.,
Chicago, 2001). Data are expressed as mean and standard
deviation (SD). Statistical significant differences were test
by the Student t-test. We used linear regression analysis
to illustrate possible mterrelationships among thyroid
hormones and body mass index. The stepwise logistic
regression method was performed to determine the
most significant predictors of changes m body mass
mndex. A p<0.05 was considered sigmficant in all statistical
tests.

Ethical aspects: The study protocol was reviewed and
approved by the Human Ethics Committee of Research

906

Council of the Dean of Research Affair of Tehran
University of Medical Sciences and participants” parents
or guardian were asked to read and sign an informed
consent document.

RESULTS

A total of 227 adolescent girls selected for
participation in this study. As shown, BMI of our study
group ranged from 17.75 to 31.24 kg m ™. Thyroid indices
shown (Table 1) that normal thyroid function, as defined
by normal levels of thyroid functions was preserved in
our participants. In order to compare biochemical
characteristics of normal-weight participants with over-
weight or obese participants, we categorized all
participants in two groups, those with BMI between 18.5

Table 1: Anthropometric and biochemical characteristics of selected

subjects™
Range Mean+SD Indice
Age (vear) 16.13+1.82 12.00-21.00
Weight (kg) 56.54+5.70 42.00-70.00
BMI (kgm™) 23.86+2.7 17.75-31.24
TSH (uU mL™) 2.36+0.42 1.40-3.60
T4 (g dL™ 8.73+0.73 7.00-10.60
FT4 (pg dL7Y) 10.66+1.37 8.00-15.00
T3 (ngdL™) 133.50+16.88 110.00-177.00
FT3 (pg mL™") 2.71+0.40 1.60-3.70
T3 (ngdL™) 35.50+8.20 18.00-51.00
T3RU (%) 27.37+3.35 20.60-27.37
T3/T4 ratio 15.40+2.40 11.50-23.40
*n=227

Table 2: Demographic parameters of normal-weight and abnormal-weight
participants

Normmal-weight* Over-weight**

Range (BMI = 18.5-249) (BMI > 25) p-value
Age iyear) 15.85+1.70 16.70£2.00 <0.1
Weight (kg) 54.23+4.80 61.60+4.10 <0001
BMI (kg2 22.4341.80 27.00£1.50 <0.001
TSH (uU mL™) 2.2040.36 2.70+0.35 <0001
T4 (ug dL™) 8.70£0.75 8.0740.65 <0.05
FT4 (pg dL) 10.70+1.40 10.4041.20 <0.1
T3 (g dL™) 132.6016.70 135.68417.60 0.2
FT3 (pg dL) 2.70+0.40 2.7040.40 <0.7
tT3 (ng AL 32.00+6.70 42.9045.60 <0001
T3RU (%) 27.404£3.40 27.3043.30 <0.8
T3/T4 ratio 15.38+2.30 15.40+£2.50 <0.9

*n=154, ** n=69

Table 3: Correlation between BMT and thyroid hormone concentrations in
selected participants

[2

Range r# B p-value
Age 0.33 0.11 0.49 <0.001
TSH 0.60 0.4 0.43 <0.001
TT4 012 0.01 0.45 <005
FT4 0.10 0.01 0.20 <0.1
TT3 0.11 0.01 0.01 <009
FT3 0.02 0.001 0.18 <0.7
rI3 0.65 042 0.21 <0001
T3P 0.02 0.001 0.02 <0.7
T3/T4 0.02 0.001 0.02 <0.7
*n=227
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to 24.9 as normal-weight and those greater than 25 as
abnormal-weight. Table 2 shows the result of comparison
of biochemical characteristic between two groups. Sixty
nine participants had a BMI225 kg m™ and 154
participants showed a BMI<25 kg m ™. No differences on
age between two groups were found. Participants with
BMI:=25 kg m ™ showed higher serum TSH and rT3 than
normal-weight participants, 2.70+£0.35 vs. 2.24£0.36 mU L™
(p<0.001) and 42.945.6 vs. 32.046.7 ng dL.™" (p<0.001),
respectively. We have not observed significant
difference intT4, tT3, FT4, FT3, T3/T4 ratio and T3 RU in
two groups.

Pearson correlation coefficients between BMI and the
indices of thyroid hormone i all participants before group
assigrment are shown i1 Table 3. As Table 3 shows, some
of thyroid indices sigmificantly correlated with BMI.
Further investigation into the changes m BMI in these
participants, was carried out using multiple regression
analysis in which the independent variables included
were: TSH, tT4, tT3, T4, {T3, T3 T3RU, T3/T4 ratio.
Using stepwise regression procedure, only TSH, rT3
and T4 contributed significantly to the r* = 0.61, p<0.001).

DISCUSSION

Body mass index 1s not static and varies throughout
life in response to physical activity and nutritional, social
and psychologic factors and also correlates well with the
concentrations of several blood components: 1nsulin
(Begdade et al., 1967), glucose (Munan ef af., 1978),
triglycerides (Lellouch er al, 1973), high-density
lipoprotein cholesterol (Glueck et al., 1980) and ureate
(Begdade ef al., 1967). Also, concentrations of hormones
not primarily involved in energy metabolism may vary
with body mass or body composition, e.g., estrogens in
obese postmenopausal women (JTudd et al., 1980).

The interrelationship between obesity and thyroid
physiology have been studied both i the etiology of
obesity and as a reason for usmng thyroid hormones in
welght loss regimens. There are conflicting data in the
literature regarding the relationship between obesity and
thyroid hormones. Most studies have reported normal
serum thyroid hormone levels, including total and free T4
and T3 as well as reverse T3 (rT3) (Lacobellis et al., 2003,
Rosenbaum et al., 2000, Sari et of., 2003). However, some
studies have reported elevated T3 and TSH levels among
obese patients (Knudsen et al., 2005, Roti et al., 2002;
Krotkiewski, 2000).

Our results showed that the concentrations of some
thyroid hormones i.e, total T4, TSH and rT3 but not total
T3, free T4 and free T3 are dependent upon body mass
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index. The differences in the concentration of total T4 and
thyrotropin between participants with normal body mass
index and ligh BMI are small, but may be clinically
sigmficant.

Moderate rise in total T4 concentrations of our
participants with BMI higher than 25, has been shown in
a number of other studies (Kiortis et af, 1999).
Knudsen et al. (2005) found a possible association
between BMI and category of serum TSH (Knudsen et al.,
20035). As Knudsen noted, it could be speculated that the
association between serum TSH and body mass index in
the present study 15 caused by signals from adipose
tissue. Leptin produced by adipocytes has important
influences on central regulation of thyroid function
through stimulation of TRH. This seems to be important
for down-regulation of thyroid function m states of
energy deficits, but the importance for modulation of
thyroid function under more physiological conditions is
uncertain (Chan et al., 2003; Zimmermarm et af., 2003). A
positive correlation has been found between serum leptin
and serum TSH in several studies (Zimmermann et al.,
2003), which corresponds to the positive association
between BMI and TSH found m our study and Knudsen
study. Studies of subjects undergoing heavy weight
reduction do not show homogenous results, however
weight reduction has been found associated with
reduction m  both serum TSH and T3 levels
(Papavramidis et af., 1995, Matzen and Kventy, 1989),
reduction in serum TSH levels alone (Sari et al., 2003;
Yashkov et al, 2000), reduction in T3 level alone
{Rosenbaum et af., 2000), or no change n thyroid function
test (Naslund et al., 2000). The cause of the mncreased
thyroid hormone concentrations in obesity is unclear.
Increased thyroid hormone concentrations could point to
hormone resistance, similar to insulin resistance in
obesity. In support of this theory 1s the fact that in
obesity T3 receptors are decreased (Burman et al., 1980)
and the negative feedback between TSH and the
peripheral thyroid hormones (T3, T4) 1s decreased, as
both TSH and the peripheral thyroid hormones are
increased in obesity.

Although this study could not revealed a significant
difference in T3 concentration between two groups, but
our findings support the hypothesis that an increase in
T3 1s related to changes 1 BMI. Presumably, overweight
subjects tend to metabolize thyroid hormones via a
deactivating pathway, so, a small fraction of T4 1s
converted to T3 and a larger proportion is metabolized to
a physiologically inactive metabolite, rT3. T3 may
decrease oxygen consumption, inhibit conversion of T4
to T3 and mlubit cathecholamine mediated lipolysis,
effects that are the opposite of T3 (Chopra, 1981).
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However the potency of T3 in vitre to inhibit
thyroliberin-induced release of thyrotropin is
Therefore, the positive correlation with BMI in our study
may reflect a correlation of serum concentrations of T3
with T4 concentrations in health.

In summary, synthesis of thyroid hormones is
regulated by several factors, among which energy intake
1s a minor one (Katzeft and Selgrad, 1991). The effects of
changes in body weight on thyroid function are
controversial, probably due to different study design
(human or animal), subject population, 1odine status and
treatment modalities (diet, exercise, drug,...).

Differences in concentrations of thyroid hormones
(TSH, tT4, 1T3) concomitant with differences in body
mass index observed in this study could perhaps be
secondary to longstanding minor alterations in energy
expenditure, differences in food consumptions-calorie
intake, consumption of food, food iodine content and
fasting-refeeding having been reported to influence
thyroid hormone content. There 1s still a need for further
research into the cause of the changes in thyroid
hormoenes m overweight and obesity.

low.
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