Tiirkiye Klinikleri I¢ Hastaliklar1 Dergisi
Turkiye Klinikleri Journal of Internal Medicine

Turkiye Klinikleri J Intern Med. 2023;8(1):1-7

IORiJiNALARASTIRMA ORIGINAL RESEARCH I

DOI: 10.5336/intermed.2021-87117

Effects of Obesity on the Thyroid Hormone Levels:
Retrospective Cross-Sectional Study

Obezitenin Tiroid Hormon Diizeyleri Uzerine Etkileri:

Retrospektif Kesitsel Calisma

Isilay KALAN SARI?, — Seyma YAVUZ®,

Serkan CEYLAN®

“Division of Endocrinology and Metabolic Disorders, University of Health Sciences Antalya Training and Research Hospital, Antalya, Tiirkiye
°Clinic of Internal Medicine, Canakkale Bayramig State Hospital, Canakkale, Tiirkiye
‘Department of General Surgery, University of Health Sciences Antalya Training and Research Hospital, Antalya, Tiirkiye

ABSTRACT Objective: The incidence of obesity is increasing. Thy-
roid dysfunction has been extensively studied in obesity. The aim of
this study is to determine thyroid hormone levels in patients with obe-
sity (Class I and II obesity) and morbid obesity, and to determine the
correlation between body mass index (BMI) and thyroid hormones.
Material and Methods: Data from one hundred fifty-seven patients
with obesity, including 71 patients with a BMI of 30-39.9 kg/m? (Group
1) and 86 patients with morbid obesity with a BMI>40 kg/m? (Group
2), and 60 control subjects with a BMI of 18.5-24.9 kg/m? were retro-
spectively reviewed. Thyroid hormone levels were compared. Consent
was obtained from the patients and, if necessary, their legal represen-
tatives. The study was a retrospective cross-sectional study. Ethics com-
mittee approval was obtained for our study. Results: The mean age of
obese and normal-weight individuals was similar (p=0.94). Thyroid-
stimulating hormone (TSH) levels were higher in patients than in con-
trols (3.7+1.8 plU/mL and 2.5+1.7, respectively; p=0.01). The
prevalence of subclinical hypothyroidism (SCH) was higher in patients
than in controls (p=0.003). There was a positive correlation between
TSH and BMI (1=0.44, p=0.001). In subgroup analysis, TSH level was
similar in Group 1 and Group 2 (p=0.07). TSH was higher in Group 1
(p=0.03) and Group 2 (p=0.01) than in the control group. The frequency
of SCH was similar in Group 1 and Group 2 (p=0.06). The frequency
of SCH was higher in Group 1 (p=0.006) and Group 2 (p=0.002) than
in the control group. Conclusion: TSH level was higher in patients with
obesity than in healthy controls. There was a positive correlation be-
tween BMI and TSH. Thyroid hormone levels were similar in patients
with a BMI of 30-39.9 kg/m? and morbid obesity. We recommend thy-
roid hormone screening in obesity.
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OZET Amac: Obezite insidans: giderek artmaktadir. Obezitede tiroid
disfonksiyonu kapsamli bir sekilde calisilmistir. Bu ¢aligmanin amaci
obez (Smif I ve II obezite) ve morbid obez hastalarda tiroid hormon
diizeylerini belirlemek ve beden kitle indeksi (BKI) ile tiroid hormon-
lar arasindaki korelasyonu tanimlamaktir. Gereg ve Yontemler: Obez
157 hastanin verisi, BKI 30-39,9 kg/m? olan 71 birey (Grup 1), BKi>40
kg/m? olan 86 morbid obez birey (Grup 2) ve BKI of 18,5-24,9 kg/m?
olan 60 kontrol birey retrospektif olarak tarandi. Tiroid hormon sevi-
yeleri karsilastirildi. Hastalardan ve gereginde yasal temsilcilerinden
onam alidi. Calismamiz retrospektif kesitsel ¢aligmadir. Caligmamiz
icin etik kurul onay1 alinmistir. Bulgular: Obez ve normal kilolu bi-
reylerin yas ortalamalar1 benzer bulundu (p=0,94). Obez hastalarda ti-
roid uyarict hormon (TSH) diizeyleri normal kilolu kontrol grubuna
gore daha yiiksekti (3,7+1,8 plU/mL ve 2,5+1,7, sirastyla; p=0,01).
Obezite grubunda subklinik hipotiroidizm prevalanst normal kilolu
kontrol grubuna goére daha yiiksekti (p=0,003). Obez hastalarda TSH
konsantrasyonlar1 ve BKT arasinda pozitif korelasyon saptandi (r=0,44,
p=0,001). Subgrup analizde Grup 1 ve Grup 2’nin TSH seviyesi ben-
zerdi (p:0,07). TSH Grup 1 (p=0,03) ve Grup 2’de (p=0,01) kontrol
grubuna gore daha yiiksek saptandi. Subklinik hipotiroidi siklig1 Grup
1 ve Grup 2'de benzerdi (p=0,06). Subklinik hipotiroidi sikligi Grup 1
(p=0,006) ve Grup 2'de (p=0,002) kontrol grubuna gére daha yiiksekti.
Sonug: Obez hastalarda TSH diizeyi saglikli kontrol grubuna gére daha
yiiksek idi. BKI ile TSH arasinda pozitif bir korelasyon bulunmaktadir.
BK1 30-39,9 kg/m? olan ve morbid obezitesi olan hastalarda tiroid hor-
mon diizeyleri benzerdi. Biz obezitede TSH diizeylerinin taranmasini
Oneriyoruz.
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tiroid uyarict hormon
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It is well known that the prevalence of obesity
is increasing in both children and adults and both in
our country and in other countries.'* Obesity is a
metabolic disorder usually caused by excessive and
unhealthy food consumption and lack of physical ac-
tivity.! Currently, body mass index (BMI) is used to
determine obesity instead of body fat and muscle
analysis. A BMI>30 kg/m? indicates obesity; obesity
Class I is BMI 30 to 34.9 kg/m?; obesity Class II is
BMI 35 to 39.9 kg/m?; obesity Class III is BMI>40
kg/m? and is also referred to as severe obesity.!* Obe-
sity has now been shown to contribute to the devel-
opment of numerous chronic diseases, and studies
have confirmed that hypertension, some cancers,
hyperlipidemia, diabetes, cardiovascular disease,
cholelithiasis, and nonalcoholic fatty liver disease, in
particular, can develop secondary to obesity.!*> Overt
hypothyroidism is characterized by a high blood level
of thyroid-stimulating hormone (TSH) and a low
level of free thyroxine (FT4), whereas subclinical hy-
pothyroidism (SCH) is characterized by a high serum
TSH level and a normal FT4 level.>” Most cases of
subclinical and overt hypothyroidism are due to
chronic autoimmune thyroiditis, and a positive thy-
roid autoantibody level is helpful in making the di-
agnosis.*!? Overt hypothyroidism is associated with
moderate weight gain, but the relationship between
body weight and thyroid hormones in SCH is not yet
clear.!! While treatment with levothyroxine may re-
sult in moderate weight loss in overt hypothyroidism,
its benefit in SCH is unclear.!" Most studies consis-
tently show that patients with obesity do indeed have
elevated TSH levels compared with healthy con-
trols.!>!5 In some studies where changes in thyroid
function were observed with an increase in body
weight, the authors pointed out that elevated TSH
levels may also be secondary to obesity.!!!3:16-18 Al-
though the mechanism of TSH elevation in obese in-
dividuals cannot be fully elucidated, it has been
suggested that TSH resistance, which is similar to in-
sulin resistance, may also exist in patients with obe-
sity.!® Another issue is the leptin molecule and the
view that leptin resistance in obesity and increased
leptin levels may be related to autoimmunity, thyroid
hormone levels, and the effects of thyroid hor-
mones.'*!%1® The aim of this study is to determine the
levels of circulating FT4, free triiodothyronine (FT3),

and TSH in patients with a BMI of 30-39.9 kg/m?
(Class I and II obesity) and morbid obesity and in
normal-weight control subjects to determine whether
there is a relationship between BMI and thyroid hor-
mones and, in this context, to determine the fre-
quency of newly diagnosed overt hypothyroidism and
SCH in patients with obesity compared with the nor-
mal-weight population.

I MATERIAL AND METHODS

This retrospective study was conducted at the Uni-
versity of Health Sciences Antalya Training and Re-
search Hospital, Department of Endocrinology, and
General Surgery. The Ethics Committee of the Uni-
versity of Health Science, Antalya Training and Re-
search Hospital approved the study protocol dated
August 19,2021, and No. 12/2. All procedures were
performed in accordance with the ethical rules and
principles of the Declaration of Helsinki. Data from
patients treated between January 2016 and January
2021 were studied. The inclusion criteria were as fol-
lows:

m 18-70 years old,

m Patients whose medical history, physical ex-
amination and laboratory tests including TSH, FT4,
FT3 were accessible,

m Patients whose weight and height were mea-
sured in the endocrinology clinic and on the same
scale,

m Patients who did not have a history of diseases
associated with secondary obesity (Cushing’s dis-
ease, hypotalamic diseases, genetic syndromes, etc.),

m Patients who did not have a history of thyroid
disease or thyroid surgery,

m Patients who are not taking levothyroxine or
thyroid medications,

m Patients who are not taking medications that
affect thyroid tests, such as steroids, beta blockers,
etc.

m Patients who have not had bariatric surgery in
the past.

The exclusion criteria were as follows:
m Patients aged under 18 and over 70,

m Pregnant and lactating women,
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m Patients with known thyroid disease, taking
thyroid replacement therapy or anti-thyroid medica-
tions,

m Patients taking medications that affect thyroid
tests, such as steroids, beta blockers, etc.

m Patients with a history of bariatric surgery,

m Patients with history of conditions associated
with secondary obesity (Cushing’s disease, hypota-
lamic disease, genetic syndromes, etc.)

m Patients whose weight and height were not
measured in the endocrinology clinic and on the same
scale.

One hundred fifty-seven patients with a BMI>30
kg/m?, including 71 patients with a BMI of 30-39.9
kg/m? (Group 1, Class I and Class II obesity) and 86
patients with a BMI>40 kg/m? (Group 2, morbid obe-
sity) who met the inclusion and exclusion criteria
were included in the study. Sixty control subjects
with a BMI between 18.5 and 24.9 kg/m? aged 18-70
years with no history of thyroid disease, no thyroid
surgery, and no medication use with normal TSH,
FT3, FT4, and anti-thyroid peroxidase antibodies
(anti-TPO) levels were included in the study.

Participants’ demographic characteristics, in-
cluding sex, age, chronic diseases, medications,
height, weight, and BMI results, as well as laboratory
tests performed in the fasting state, including TSH,
anti-TPO, FT3, and FT4, were scanned from the pa-
tients’ computer data system, and retrospectively
analysed. Height, weight, and BMI of the subjects
were determined using the Densi automatic personal
scale GL-150 (Densi, Tirkiye). TSH, FT3, FT4, and
anti-TPO were measured on a Beckman Coulter
DxI800 using the chemiluminescence method (Beck-
man Coulter Inc. CA, USA). Anti-TPO antibodies
had a cut-off value of 10 IU/mL in our laboratory.
During these years, the TSH reference range at our
institution was 0.3-5.8 ulU/mL, FT4 was 0.7-1.4
ng/L, and FT3 was 2.5-3.9 ng/L. SCH was defined as
a TSH level between 4.5 and 10 mU/1 with normal
FT4 concentration.

STATISTICAL ANALYSIS

Continuous variables were characterised by

descriptive statistics [number (n), percentage (%),

meantstandard deviation]. To compare the 2 sepa-
rate groups, either Student’s t test or Mann-Whitney
U test was used, depending on whether the data were
parametric or not. For multiple comparisons, the one-
way test ANOVA, followed by the Tukey test, was
used. When performing correlation analyses, the
Spearman test was used. The significance level was
set at p<0.05. All analyses were performed using
IBM SPSS 20.0 package program (IBM Corp Ar-
monk, NY).

I RESULTS

The mean age of the patients (patients with Class I, I
and morbid obesity) was 39.6+10.2 years and that of
the control group was 39.2+13.3 years (p=0.94). In
both patients and controls, the majority were female:
127 (80.9%) in the patient group and 48 (80.0%) in
the normal-weight controls (p=0.31). Mean TSH
level was 3.7+1.8 plU/mL in patients and 2.5+1.7
wlU/mL in controls; p-value was 0.01. FT3 (p=0.22)
and FT4 (p=0.09) levels did not differ between pa-
tients and controls. In our retrospective 5-year review
of the data, there were no patients with newly diag-
nosed overt hypothyroidism who were not taking med-
ication. The frequency of SCH (n=18) was higher in
patients than normal-weight controls (n=3) (p=0.003).
Table 1 summarizes the clinical and hormonal param-
eters of the patients and the normal-weight control
subjects. Patients were divided into 2 groups: Group 1
included 71 patients with BMI from 30 to 39.9 kg/m?
(Class I and II obesity) and Group 2 included 86 pa-
tients with BMI>40 kg/m? (morbid obesity).

Thyroid levels were reexamined in these 2 sub-
groups and in the control group and analyzed with the
one-way test ANOVA (Table 2). There was no sta-
tistical difference between the groups in terms of gen-
der (p=0.11), age (p=0.72), FT3 (p=0.38) and FT4
(p=0.94). There was a statistically significant differ-
ence between groups in TSH (p=0.01), body weight
(p=0.001), BMI (p=0.001), and the frequency of SCH
(p=0.002). According to post hoc analyzes performed
to determine the source of significance between
groups, TSH level did not differ between Group 1 and
Group 2 (p=0.07). TSH levels were higher in both
Group 1 and Group 2 than in controls (p=0.03 and
p=0.01, respectively).
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TABLE 1: Clinical and hormonal features of the patients and controls.

Patients
Parameters (BMI=30 kg/m?)
n 157
FIM 127/30
Age (yrs.) 39.6+10.2
TSH (pIU/mL) 3.7£18
FT3 (ng/dL) 2.9+0.4
FT4 (ng/dL) 1.240.2
Body weight (kg) 105.1+13.1
BMI (kg/m?) 43.8+6.6
SCH, n (%) 18/157

(11.4%)

Controls
(BMI: 18.5-24.9 kg/m?) p value
60
48/12 0.31
39.2413.3 0.94
25417 0.01*
3.0£0.5 0.22
11204 0.09
58.443.2 0.001*
23.5+1.3 0.001*
3/60 0.003*
(5%)

*p<0.05 is statistically significant; BMI: Body mass index; TSH: Thyroid-stimulating hormone; FT3: Free triiodothyronine; FT4: Free thyroxine; SCH: Subclinical hypothyroidism.

TABLE 2: Study parameters between Group 1 and Group 2 subjects and control group.

Group 1 Group 2 Control group
Parameters (BMI: 30-39.9 kg/m?) (BMI240 kg/m?) (BMI: 18.5-24.9 kg/m?) p value
n 71 86 60
FIM 59/12 68/18 48/12 0.11
Age (yrs.) 38.6+15.2 40.9+11.6 39.2+133 0.72
TSH (ulU/mL) 2.9+2.0 3.1£28 25417 0.01%
FT3 (ng/dL) 3.040.2 2.9+0.4 3.0£05 0.38
FT4 (ng/dL) 1.1£06 12403 1104 0.94
Body weight (kg) 89.45.1 111.8+6.4 584432 0.001*
BMI (kg/m?) 35.2436 45.345.1 235¢1.3 0.001*
SCH, n (%) 8/71 10/86 3/60 0.002*

(11.2%) (11.6%) (5%)

*p<0.05 is statistically significant; *One-way ANOVA results of 3 groups, p<0.05 is statistically significant; #Statistical analysis was performed by ANOVA followed by Tukey’s multiple
comparison test, p=0.03 control Vs Group 1; p=0.01 control Vs Group 2; p=0.07 Group 1 Vs Group 2 & statistical analysis was performed by ANOVA followed by Tukey’s multiple com-
parison test, p=0.006 control Vs Group 1; p=0.002 control Vs Group 2; p=0.06 Group 1 Vs Group 2; BMI: Body mass index; TSH: Thyroid-stimulating hormone; FT3: Free triiodothy-

ronine; FT4: Free thyroxine; SCH: Subclinical hypothyroidism.

In Group 1, there were 8 patients with SCH
(11.2%) and 6 of them had high anti-TPO levels. In
Group 2, there were 10 patients with SCH (11.6%)
and 8 of them had high anti-TPO levels. In the con-
trol group, all 3 patients with SCH had high anti-TPO
levels. The frequency of SCH showed a significant
difference between the three groups (p=0.002) (Table
2). According to post-hoc analyzes, the frequency of
SCH did not differ between Group 1 and Group 2
(p=0.06).The frequency of SCH was higher in Group
1 and Group 2 patients than in the control group
(p=0.006 and p=0.002, respectively). In the correla-
tion analysis of the whole study population, BMI and
TSH had a positive correlation (r=0.44 p=0.001).

There was no significant correlation between FT3
(r=-0.01 p=0.62) and FT4 (r=-0.009 p=0.72) and
BMI according to statistical analysis.

I DISCUSSION

In our study, we found a correlation between BMI
and TSH, but there was no significant correlation be-
tween FT3 and FT4 and BMI. SCH was more com-
mon in patients with obesity than in healthy people
with a normal BMI. However, we found no signifi-
cant difference in the frequency of SCH or the level
of thyroid hormones in patients with morbid obesity
and Class I and II obesity. Several studies suggest that
circulating thyroid hormone levels vary in patients
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with obesity.!>!312! Tn the study by Michalaki et al.,
which examined thyroid hormones in 144 patients
with morbid obesity, TSH was elevated in patients
compared with normal-weight individuals.!® In this
study, there was no comparison between severely
obese patients and those with a BMI of 30-39.9 kg/m?
because all patients were morbidly obese. The ma-
jority of patients were women, as in our study. The
rate of newly diagnosed SCH in morbid obesity was
7.7% in this study, which was lower than in our
study.!® Bastemir et al. studied 224 obese or over-
weight women.'* In this study, similar to ours, no cor-
relation was found between FT4 and body weight and
BMI, but a significant positive correlation was ob-
served between TSH and BMI.'* In their study,
Mehta et al. found hypothyroidism in 14% of the sub-
jects. This study included mainly subjects with a BMI
of 30-40 kg/m?, but also a small number of morbidly
obese subjects.!” Knudsen et al. demonstrated a pos-
itive correlation between BMI and TSH and a nega-
tive correlation between BMI and FT4 in a study with
a large sample of 4,649 cases. '’

Because our study was retrospective, we could
not observe the change in thyroid hormones after pa-
tients lost weight, but literature studies indicate that
thyroid levels improve after weight loss.'>** In a
study by Sari et al in female patients, thyroid volume
and TSH levels were higher in obese women than in
nonobese women, although they were within the nor-
mal reference range.'?> They also found that thyroid
volume and TSH levels regressed in women who
achieved a 10% weight loss after 6 months of obesity
therapy.'? Juiz-Valifia et al. showed that TSH levels
also decreased significantly in patients with morbid
obesity and euthyroidism when weight loss was
achieved through bariatric surgery.??

Some studies show that obesity is also associ-
ated with thyroid autoimmunity and that thyroid an-
tibody titers are higher in obese individuals.?*?* In the
study by Alkag et al., it was found that the rate of total
overt hypothyroidism and SCH was 21.5% in patients
with obesity. This study also showed that the pres-
ence of thyroiditis on ultrasound and the presence of
thyroid autoantibodies were common in patients with
obesity and euthyroidism.* In a study involving 165
patients with obesity and 118 normal-weight controls,

it was found that FT3 and FT4 levels were lower, the
incidence of hypothyroidism was higher, and the
number of anti-thyroid antibodies was higher in pa-
tients with obesity compared with the control group.
This study also examined leptin levels and found an
association between leptin and autoimmune thyroidi-
tis.*

It appears that in the studies conducted with chil-
dren, results were similar to those obtained with
adults. In a study of 308 children aged 6 to 17 years
conducted by Bhowmick et al., it was found that
11.7% of obese children had TSH levels greater than
4 U/mL, compared with less than 0.7% in the control
group.?’

In our study, we found no significant difference
in the frequency of SCH or the level of thyroid hor-
mones in patients with morbid obesity and Class |
and II obesity. This could be due to the small number
of patients in our study and its design. However, there
are studies in the literature that support this finding.
In the study by Topaloglu et al., TSH levels did not
differ in obese patients with BMI<40 kg/m?, BMI be-
tween 40 and 49.99 kg/m?, BMI between 50 and
59.99 kg/m?, and BMI>60 kg/m?2.?* Sosa-Lopez et al.
reported no differences in TSH levels between pa-
tients with obesity Grade I, Grade II, and Grade III.
However, they found an association with FT4 and
obesity grade.*

With the improvement of molecular techniques,
one of the studies on obesity genes, thyroid hor-
mones, and receptors showed that thyroid hormones
regulate the Tub obesity gene in rats.”’” The re-
searchers explained that this Tub obesity gene is up-
regulated by T3 and that a lack of stimulation of the
Tub obesity gene may lead to obesity due to an im-
balance of thyroid hormones. Considering the studies
suggesting that elevated TSH levels may occur sec-
ondary to obesity, Michalaki et al. emphasized that
TSH resistance may occur as well as insulin resis-
tance in obesity.'* Duntas and Biondi pointed out that
obesity-related low-grade inflammation and leptin re-
sistance affect the immune system response and trig-
ger autoimmunity.'® Garcia-Solis et al. studied
adipokines, including leptin, and found that these
substances can affect circulating thyroid hormone
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levels and the mechanism of action of thyroid hor-
mones.!” In another study, leptin concentration is hy-
pothesized to influence TSH secretion, and leptin is
considered an important molecule in the relationship
between obesity and thyroid hormone changes.!® The
increasing prevalence of obesity and the high TSH
levels observed in this group give rise to the view that
the normal TSH range may need to be redefined in
epidemiological studies.!!

The general similarities between the literature
studies and our study are that the patients are pre-
dominantly women and that TSH is associated with
obesity. While some studies found an association be-
tween FT3 and FT4 and weight, some, similar to our
study, found no significant association. This could be
due to differences in study design, such as the num-
ber of patients and inclusion and exclusion criteria.

We did not encounter newly diagnosed overt hy-
pothyroidism and did not include patients diagnosed
with hypothyroidism who were taking levothyroxine
in this study, so we cannot provide information on
the prevalence of overt hypothyroidism in our study.
However, the increased frequency of SCH in the pa-
tients with obesity in our study supports the associa-
tion between obesity and SCH. Also, because thyroid
autoantibodies could not be measured in all partici-
pants, we cannot definitively say whether there is an
association between thyroid autoimmunity and obe-
sity. The high positivity of autoantibodies in both
healthy controls and patients with SCH may suggest
that the presence of autoimmune thyroid disease is
common in SCH.

The retrospective nature of our study, the small
number of patients, the small number of males, and
the fact that thyroid autoantibodies could not be
studied in the whole population are the main limita-
tions.

In this retrospective study, we cannot say
whether obesity causes increased TSH or whether
SCH contributes to obesity. Although many studies
have shown the association between body weight and
thyroid hormone changes, the exact pathophysiology
of this association is not yet clear. However, it ap-
pears that more detailed studies are needed to deter-
mine the etiopathogenesis.

I CONCLUSION

Obesity is associated with high TSH levels. The in-
cidence of SCH is increased in obesity. Further stud-
ies with larger populations are needed to understand
the pathophysiology of thyroid hormone changes in
obesity.
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