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Aim of Study. To assess serum thyroid hormones levels among Saudi adults and to correlate participants’ serum levels with their
grades of body mass index (BMI). Methodology. A total of 278 adult subjects were recruited. Participants were categorized according
to their BMI grades into normal weight (BMI < 25 kg/m®), overweight (BMI 25-29.9 kg/m?>), or obese (BMI > 30 kg/m?). Serum
thyroid hormones levels were assessed at the central laboratory of Aseer Central Hospital, Abha City, by chemiluminescence
immunoassay. Results. More than three-fourths of participants were either overweight (31.3%) or obese (44.6%). Mean TSH
serum levels showed a significantly increasing trend with increasing BMI (p < 0.001). A negative trend was observed regarding
participants’ mean serum levels of f T4 with their BMI, but there were no significant differences in mean serum T4 levels according
to BMI. Moreover, no significant differences were observed in serum fT3 levels according to BMI. Conclusions. Mean TSH serum
levels increase with BMI increase. Further largescale multicentric and longitudinal studies are necessary to prove the association

between serum levels of thyroid hormones and BMI of euthyroid adults.

1. Introduction

Obesity has become a global epidemic in both developed
and developing countries over the last few decades. Approx-
imately 10-15% of all obese people become obese during
adolescence [1-3]. In the past 30 years, the prevalence of
adolescent obesity has increased by more than 75% [3].
Obesity is associated with psychosocial morbidity and the
development of cardiovascular risk factors and diabetes
[1].

Obesity represents energy intake from foods exceeding
energy expenditure in physical activity [4]. Obesity is now
a major problem in the Kingdom of Saudi Arabia. The
percentage of overweight and obesity increases with older
age groups and this leads to more health problems. In the
last three decades, obesity among adults has increased and
become a major health problem. In 2003, a study showed that
21% of adults aged 15 years and over were obese/overweight,
with an increase from 17% in 1997. Studies in 2000 on the
prevalence of overweight and obesity among hypertensive
and diabetic adult patients found that 46% of them were
obese [5, 6].

Thyroid hormones are known to affect metabolic rate.
Recent evidence suggests that thyroid hormones may access
the arcuate nucleus and other regions of the hypothalamus
to regulate appetite [7]. Thyroid dysfunction can have clini-
cally significant consequences on appetite and body weight.
Hypothyroidism classically causes reduced basal energy
expenditure with weight gain [8].

Santini et al. [9] reviewed that body weight regulation is
accomplished through the fine-tuning between energy intake
and energy consumption. Factors determining energy con-
sumption include resting energy expenditure, nonexercise
activity, and voluntary physical activity. In man, T3 plays a
critical role in temperature homeostasis and is responsible
for almost 30% of resting energy expenditure. T3 might
also influence resting energy expenditure through regulating
spontaneous motor activity.

Experiments on animals have shown a correlation
between thyroid hormones and changes in weight [10].
Nevertheless, studies on thyroid hormones in obese adults
are inconsistent [11, 12]. Serum thyroid stimulating hormone
(TSH) has been reported to be diminished with acute fasting
in adults, while serum free T3 (fT3) and free T4 (fT4) and
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TABLE 1: Age, body mass index, and thyroid hormones serum levels (mean + SD) according to participants’ gender.

Characteristics Males (n = 144) Females (n = 134) Total (n = 278) p value
Age (years) 33.1+11.1 33.5+9.5 33.3+10.3 0.757
Body mass index (kg/m?) 315+£55 327+56 321+57 0.070
TSH (mIU/L) 2.82+1.33 2.74 +1.29 2.78 + 1.31 0.632
fT4 (pmol/L) 10.5+4.8 11.5+3.9 11.0 + 4.1 0.072
fT3 (pmol/L) 431+ 1.68 4.13 +1.05 422+ 1.41 0.274

TaBLE 2: Grades of body mass index according to participants’ gender.

Grades of body mass index Males (n = 144) Females (n = 134) Total (n = 278)

Underweight (<18.5 kg/m*) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Normal weight (18.5-24.9 kg/m?) 40 (27.8%) 27 (20.1%) 67 (24.1%)
Overweight (25-25.9 kg/m?) 58 (40.3%) 29 (21.6%) 87 (31.3%)
Obese (>30 kg/m?) 46 (31.9%) 78 (58.2%) 124 (44.6%)
p <0.001.

TSH concentrations were reported to be normal in exogenous
obesity [13].

Therefore, this study aimed to assess serum thyroid
hormones levels among Saudi adults and to correlate serum
levels of thyroid hormones with their grades of body mass
index.

2. Subjects and Methods

This research was conducted during September-December,
2015. It followed a cross-sectional study design. A total of
278 adult subjects (144 males, 51.8% and 134 females, 48.2%)
attending a primary health care center in Abha City, Saudi
Arabia, were recruited.

The inclusion criteria for participants were being an adult
Saudi. The exclusion criteria comprised subjects with any
past or present history of thyroid illness, cigarette smokers,
patients with chronic liver or renal disease, pregnancy, or
taking any drug altering serum TSH levels (e.g., metformin).

A data collection sheet was constructed by the researcher.
It included sociodemographic variables (i.e., age, gender),
variables related to general examination (i.e., height, weight),
and results of laboratory investigations for serum levels of
TSH, T3, and fT4.

Prior to enrollment into the study, all potential partici-
pants were informed regarding its objectives and procedures.
A written informed consent has been obtained from all
participants and they were clearly notified that their partic-
ipation into this study was completely voluntary.

Weight (in kg) and height (in meters) have been measured
while the subjects were barefoot and wearing light clothes.
BMI was calculated as body weight (kg) divided by height
squared (m?). Participants were categorized according to
their body mass index (BMI) grades as follows [14]:

(i) Underweight: <18.5 kg/m>.

(ii) Normal weight: 18.5-24.9 kg/m”.

(iii) Overweight: BMI of 25-29.9 kg/m”.
(iv) Obese: BMI > 30 kg/mz.

Phlebotomy was performed after an 8-12-hour overnight
fast for free T3, free T4, and TSH measurements. Serum
samples were analyzed at the laboratory of Aseer Central
Hospital, Abha City, by chemiluminescence immunoassay.

Participants’ serum thyroid hormones levels were com-
pared according to their grades of BMI.

The Statistical Package for Social Sciences (SPSS version
22.0) was used for data entry and analysis. Descriptive statis-
tics were calculated and the appropriate tests of significance
(i.e., chi square or ANOVA) were applied accordingly. Differ-
ences were considered as statistically significant when p value
was less than 0.05.

3. Results

Table 1 shows that participants’ age, body mass index, and
thyroid hormones serum levels did not differ significantly
according to their gender.

None of the participants was underweight. Obesity was
significantly higher among female than among male partici-
pants (58.2% and 31.9%, resp., p < 0.001), as shown in Table 2.

Table 3 and Figure 1 show that TSH serum level of normal
weight participants was 2.03 + 1.18 mIU/L, that of overweight
participants was 2.50 + 1.20 mIU/L, and that of obese partici-
pants was 3.39+1.18 mIU/L. Mean TSH serum levels showed
a significantly increasing trend with increasing BMI (p <
0.001). On the other hand, a negative trend was observed
regarding participants’ mean serum levels of T4 with their
BMI, with highest fT4 levels among participants with normal
BMI and lowest among obese participants (11.6 £4.1 pmol/L,
10.3 + 4.5 pmol/L, resp.). However, there were no significant
differences in mean serum fT4 levels according to BMI.
Moreover, no significant differences were observed in serum
T3 levels according to BMI.
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TaBLE 3: Thyroid hormones serum levels (mean + SD) according to participants’ body mass index.

Thyroid hormones Normal (n = 67) Overweight (n = 87) Obese (n = 124) p value

TSH (mIU/L) 2.03+1.18 2.50 £1.20 339+ 1.18 <0.001

fT4 (pmol/L) 11.6 £4.1 10.6 £ 4.7 10.3 £4.5 0.155

fT3 (pmol/L) 4.39 +1.47 4.15+1.42 4.19+1.38 0.547

106

Normal weight Overweight Obese

m TSH (mIU/L)
m fT4 (pmol/L)
fT3 (pmol/L)

FIGURE 1: Serum thyroid hormones levels (Mean + SD) according to
grades of body mass index.

4, Discussion

The association between thyroid function and BMI in euthy-
roid adult individuals has been given a great medical concern
[15]. Therefore, the present study aimed to assess serum
thyroid hormones levels among Saudi adults and to correlate
serum levels of thyroid hormones with their grades of BML

Results of the current study showed that more than three-
fourths of participants were either overweight (31.3%) or
obese (44.6%). Moreover, obesity was significantly higher
among female than among male participants.

These findings are in accordance with those of Madani et
al. [16], who stressed that, in the Kingdom of Saudi Arabia,
obesity has become an important public health problem. Al-
Othaimeen etal. [17] stated that prevalence of obesity in Saudi
Arabia is 23.6% among women and 14% among men, while
prevalence of overweight is 30.7% among men and 28.4%
among women. DeNicola et al. [18] noted that, over the past
few decades, the Kingdom of Saudi Arabia attained one of the
highest prevalence rates for overweight and obesity.

The higher prevalence of obesity among females in Saudi
Arabia may be explained by the social restrictions imposed
among them that encourage their stay mostly indoors and
impose a more sedentary and less active lifestyle among them.

Results of the current study revealed that participants’
TSH serum levels showed a significantly increasing trend
with increasing BMI. Nevertheless, the significantly increas-
ing trend with BMI was lacking with regard to the fact
that T3 and fT4 did not differ significantly according to
participants BMI.

These findings are in accordance with those of Solanki
et al. [19], who reported a significant positive association
between participants’ BMI and their TSH mean serum levels.

Moreover, Knudsen et al. [20] indicated that serum TSH is
positively correlated with BMI, suggesting a state of possible
subclinical hypothyroidism, that is, the presence of raised
serum TSH levels despite the presence of serum hormone
concentrations within the normal range.

Valyasevi et al. [21] explained the association between
TSH and BMI by that TSH may directly stimulate preadipo-
cyte differentiation resulting in adipogenesis. Rotondi et al.
[22] added that the impact of bodyweight on thyroid differs
according to lower grades of overweight and morbid obe-
sity.

The association between TSH and BMI was explained by
Chan et al. [23] to be under the influence of adipose tissue
signals and leptin may have significant effects on central
regulation of thyroid function through TRH. Zimmermann-
Belsing et al. [24] suggested that a positive correlation
between serum leptin and TSH also indicates a positive cor-
relation between BMI and TSH.

Several studies revealed that fat cells and precursor forms
have receptors for TSH. The signal is transferred with the
activation of cAMP-dependent kinase resulting in adipocyte
precursor differentiation in adipocytes and lipogenesis [21,
25].

The present study showed no significant associations
between male or female participants’ serum f13 or £T4 with
their BMI grades.

This lack of significant association between serum thyroid
hormones other than TSH with BMI in the present study is in
accordance with those reported by some studies, but not with
some others. The associations between T3 and T4 with BMI
seem to be controversial.

Solanki et al. [19] found that BMI was negatively associ-
ated with serum T4 but had no association with serum T3
(FT3). Moreover, Roos et al. [26] reported that serum T4
was negatively associated with BMI. In addition, Iacobellis
et al. [27] reported that, in morbidly obese women, lower
fT4 values were accompanied by higher BMI values, but no
association between BMI and fT3 was found.

In contrast, Manji et al. [8] and Figueroa et al. [28] found
no correlation between BMI and serum levels of any of the
thyroid hormones in euthyroid individuals. Moreover, Tarim
[13] reported that fT3 and £ T4 were normal in obese subjects.

Finally, it is to be ascertained that although clear epidemi-
ological associations of serum levels of thyroid hormones
with BMI in euthyroid persons have not been completely
established, thyroid hormones may constitute an important
determinant of the resting energy expenditure in people with
normal thyroid function.

However, whether high serum TSH is the cause or the
effect cannot be certainly verified. A. Milionis and C. Milionis
[15] noted that disorders of the thyroid function may be



primary, and the BMI changes may be secondary or vice
versa.

Rotondi et al. [29] noted that it is debatable whether
obese patients should be diagnosed as having subclinical
hypothyroidism based only on their elevated serum TSH
levels. It has been suggested that elevated serum TSH might
not be enough for diagnosing subclinical hypothyroidism
in obese patients. Thus, it is recommended that circulating
thyroid antibodies should be measured in obese patients to
further support a diagnosis of autoimmune thyroid failure.

In conclusion, mean TSH serum levels increase with
BMI increase but other thyroid hormones seem not to be
significantly associated with BMI. Further largescale multi-
centric and longitudinal studies are necessary to prove the
association between serum levels of thyroid hormones and
body mass index of euthyroid adults.
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