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CLINICAL STUDY
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Abstract

Objective: Morbid obesity (body mass index (BMI)R40 kg/m2) is associated with thyroid function
disturbances, with a high rate of subclinical hypothyroidism (SH) being the most consistently reported.
We evaluated the circulating thyroid function parameters in morbid obese patients and related the
results to the presence of circulating thyroid antibodies (Thyr-Ab).
Design and methods: Morbid obese patients were consecutively enrolled (nZ350). Two control groups
were used: control group (CG)1, healthy normo-weight subjects (nZ50); CG2, normo-weight patients
with SH (nZ56) matched for TSH with the obese patients with SH. Serum levels of free
triiodothyronine (FT3), free thyroxine (FT4), TSH, antithyroglobulin antibodies, and antithyroperox-
idase antibodies were measured in all patients.
Results: i) Compared with CG1, obese patients having thyroid function parameters in the normal range
and negative Thyr-Ab showed significantly higher serum TSH and lower free thyroid hormones levels,
but a similar FT4/FT3 ratio; ii) SH was recorded in 13.7% obese patients; iii) compared with CG2, obese
patients with untreated SH had a significantly lower rate of positive Thyr-Ab (32.1 vs 66.1%;
P!0.005); iv) no gender prevalence was observed in SH obese patients with negative Thyr-Ab; and v)
the comparison of the untreated SH patients (obese and normo-weight) with CG1 demonstrated that in
SH obese subjects, unlike normo-weight SH patients, the FT3 levels were significantly lower. This
resulted in a normal FT4/FT3 ratio in SH obese patients.
Conclusion: Thyroid autoimmunity is not a major cause sustaining the high rate of SH in morbid obese
patients. In these patients, the diagnosis of SH itself, as assessed by a raised TSH alone, appears
questionable.
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Introduction

Obesity has become an epidemic condition in developed
countries. In the USA, the prevalence of obesity (defined
as a body mass index (BMI)R30 kg/m2) has increased
from 15.3% in 1995 to 23.9% in 2005 (1). Morbid
obesity (BMIR40 kg/m2) accounts for nearly 5.0% of
all obese patients (2). The pathophysiology of obesity is
complex and still poorly understood, but it includes
genetic, environmental, behavioral, and psychological
factors (3). Family studies suggest that heredity may
explain up to 67% of the population variance in BMI (4).
Obesity is associated with an increased risk of
hypertension, diabetes, hyperlipidemia, sleep apnea,
coronary heart disease, and stroke (3, 5). As a
consequence, in developed countries, increasing rates
of obesity may lead to a decline in the overall life
expectancy (6, 7). Furthermore, the obesity-associated
morbidity is economically damaging for society. Obesity,
with its array of comorbidities, necessitates careful
ndocrinology
clinical assessment to identify underlying factors and to
allow coherent management, which is of critical
importance for the affected individuals (8).

In the past 10 years, several clinical studies evaluated
the issue of hormonal changes associatedwith obesity (9,
10). Thyroid dysfunctions have been extensively inves-
tigated in obese subjects (11–16). Although previous
studies consistently reported changes in thyroid function
parameters in obese subjects, thus supporting the
hypothesis of a regulation loop involving the pituitary,
the thyroid, and the adipose tissue, (17, 18) quantitative
and qualitative estimations of such changes lead to
variable results in the different studies. These discrepant
findingsmight be ascribed, at least in part, to the fact that
most previous studies included patients with a wide
range of overweight. Failure to select a specific degree of
obesity would contrast with clinical and genetic
evidences supporting the concept that obesity, through-
out its gradient of severity, does not represent a
continuous entity. As a consequence, obese patients
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with a BMI lower or greater than 40 kg/m2 might show
relevant differences as to specific clinical and physio-
pathological aspects. Thyroid function changes have not
been extensively investigated in patients with morbid
obesity. The only study specifically including patients
with extreme obesity reported, when compared with
normo-weight subjects, significant differences in the
serum levels of TSH and FT3, accompanied by a high rate
of hypothyroidism (12). In the general adult population,
the majority of cases of subclinical and overt hypothyr-
oidism result from chronic autoimmune thyroiditis, the
hallmark of which are circulating thyroid antibodies
(Thyr-Ab). The role of thyroid autoimmunity as a cause
of thyroid function abnormalities has not been exten-
sively investigated in patients with morbid obesity. The
aim of this study was to evaluate the serum concen-
trations of free thyroxine (FT4), free triiodothyronine
(FT3), and TSH in a large cohort of patients with morbid
obesity, and to relate their changes to the presence of
circulating Thyr-Ab.
Patients and methods

Subjects

The study group encompassed patients with morbid
obesity (BMIR40 kg/m2) consecutively recruited in the
Unit of Internal Medicine and Endocrinology of the
Fondazione Maugeri. In detail, 350 patients (94 males
and 256 females) were investigated by measuring their
serum concentrations of FT4, FT3, TSH, antithyroglo-
bulin Ab (Tg-Ab), and antithyroperoxidase Ab (TPO-
Ab). Their mean age (GS.D.) was 46.2G12.2 years.
Weight was measured to the nearest kilogram. Height
was determined to the nearest centimeter. BMI was
calculated as the weight (kg) divided by the square of
height (m). None of the patients was treated with a
hypocaloric diet.
Controls

Two control groups were used. The first control group
(CG1) consisted of 50 sex- and age-matched healthy
normo-weight subjects, in whom thyroid disorders had
been excluded by a complete thyroid work-up. This
included history; physical examination; measurement
of serum FT4, FT3, TSH, Tg-Ab, and TPO-Ab; and
thyroid ultrasonography.

A second CG2 included sex- and age-matched normo-
weight patients with overt and subclinical hypothyroid-
ism (SH) seen in our outpatient clinic during the same
period of time when the obese patients were recruited.
In detail, two hypothyroid patients, having the same
serum level of TSH as any individual obese patient with
a raised TSH, were enrolled in a case–control-designed
protocol. When more than two hypothyroid patients
www.eje-online.org
had the same serum TSH level as an obese subject, the
choice was randomly performed.

SH was biochemically defined as a serum level of TSH
above the normal range (0.4–4.0 mIU/l) with FT4 and
FT3 concentrations within the normal reference range
(19). Overt hypothyroidism was diagnosed when serum
TSH was above the normal range and serum FT4 levels
were found lower than the normal range.

Blood samples were drawn between 0800 and
0900 h, after an overnight fast.

All subjects gave their informed consent to participate
in the study, which was performed in accordance with
the guidelines of the declaration of Helsinki.
Serum assays

Serum concentrations of FT4 (normal range: 8.0–
19.0 pg/ml), FT3 (normal range: 1.8–4.2 pg/ml), and
TSH (third-generation TSH assay; normal range: 0.4–
4.0 mIU/l) were measured using immunochemolumi-
nescent assays by an automated analyzer (Immulite
2000; Diagnostic Products Corporation Cirrus, Los
Angeles, CA, USA) employing commercial kits (Diag-
nostic Products Corporation). Serum concentrations of
Tg-Ab (normal range:!60 U/ml) and TPO-Ab (normal
range:!60 U/ml) were measured using immunochem-
oluminescent assays employing commercial kits
(Brahms, Hennigsdorf, Germany).
Statistical analysis

Statistical analysis was performed using SPSS software
(SPSS, Inc., Evanston, IL, USA). Between-group
comparisons were performed by Student’s t-test for
unpaired data and by Mann–Whitney U-test according
to a normal or a nonparametric distribution of the
variable tested. Correlation between two variables was
ascertained by Pearson and Spearman’s correlation
tests, as appropriate. Frequencies among groups were
compared by c2 test with Fisher’s correction, when
appropriate. P!0.05 was considered statistically
significant.
Results

Thyroid function status in patients with
morbid obesity

The clinical, hormonal, and antibody features of all
patients with morbid obesity are reported in Table 1. On
first observation, 20 out of 350 (5.7%) morbid obese
patients were treated with L-T4 for a previous diagnosis
of hypothyroidism. Out of 350, 28 (8.0%) were first
discovered as having a raised TSH ranging from 4.1 to
19.9 (median 4.9) mU/l. Their median serum-free
thyroid hormone levels were 10.5 (5.0–16.0) pg/ml
and 3.0 (1.5–4.4) pg/ml for FT4 and FT3 respectively.
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Table 1 Baseline characteristics of obese patients.

Characteristics/findings Value (%)

Number of patients 350
Age range (years) 18–78
Mean ageGS.D. 46.2G12.2
Sex (n)
M 94 (26.9)
F 256 (73.1)

Mean body weight (kg)GS.D. 128.6G21.9
Mean BMI (kg/m2)GS.D. 48.8G6.7
Untreated euthyroid 299 (85.4)
Euthyroid on L-T4 (for a previous

diagnosis of hypothyroidism)
20 (5.7)

Untreated with TSH O4.0 mU/l 28 (8.0)
Euthyroid on ATDa (for a previous

diagnosis of hyperthyroidism)
3 (0.8)

Tg Ab positive 18 (5.1)
TPO Ab positive 35 (10.0)
Tg Ab and/or TPO Ab positive 40 (11.4)

aAnti-thyroid drugs.
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All these 28 untreated obese patients, with the
exception of one case, showed normal serum levels of
FT4; thus their thyroid dysfunction would have been
classified as SH. Overall, 48 out of 350 (13.7%) obese
patients would have been classified as having an
untreated or a successfully replaced hypothyroidism.

Hyperthyroidism was by far less frequent in our
cohort of patients, with only 3 patients out of 350
(0.8%) being treated with anti-thyroid drugs for a
previous diagnosis of hyperthyroidism.

Positive tests for circulating thyroid Ab (Tg-Ab and/or
TPO-Ab) were found in 40 out of 350 (11.4%) obese
patients. In particular, 35 patients (10.0%) were
positive for TPO-Ab, while 18 patients (5.1%) showed
positive results for circulating Tg-Ab. According to
gender, 3 males out of 94 (3.2%) and 37 females out of
256 (14.4%) had positive tests for circulating thyroid
Ab (P!0.01).
Table 2 Comparison of circulating thyroid function parameters
between euthyroid obese patients with negative tests for thyroid Ab
and healthy normo-weight controls (CG1).

Euthyroid
Ab-negative

obese patients

Euthyroid
normo-weight

control subjects
(CG1) P value

Number of
cases

280 50

FT4 (ng/dl) 12.7G2.23 13.9G2.17 0.001
FT3 (pg/ml) 3.08G0.47 3.41G0.54 0.0001
TSH (mUI/l) 1.8G0.83 1.2G0.46 !0.0001
FT4/FT3 4.20G0.94 4.22G1.08 NS
Comparison of thyroid function parameters
between euthyroid obese and normo-weight
subjects

Two-hundred and eighty obese patients, being
untreated with thyroid medications, had thyroid
function parameters within the normal range and
negative tests for Thyr-Ab. In this subgroup of euthyroid
obese patients, with no humoral sign of thyroid
autoimmunity, there was no significant correlation
between serum thyroid function parameters and either
BMI or body weight. The serum concentrations of FT4,
FT3, and TSH observed in this group of morbid obese
patients were compared with the correspondent values
found in CG1, i.e. euthyroid normo-weight subjects with
no evidence of thyroid autoimmunity (nZ50). Patients
with morbid obesity showed significantly lower serum
levels of FT4 and FT3, and higher serum concentrations
of TSH, when compared with healthy controls.
Interestingly, the FT4/FT3 ratio was similar in the two
groups (Table 2).
Comparison of thyroid function parameters
between TSH-matched obese and normo-weight
patients with SH

The serum levels of FT4 and FT3 were compared
between the untreated patients with a raised serum
TSH, either obese (nZ28) or normo-weight (nZ56). As
indicated in the Materials and methods section, two
normo-weight hypothyroid patients with an equivalent
serum TSH level were used as controls (CG2) for each
obese subject. Euthyroid normo-weight subjects (CG1)
were used as a further control group. Results of FT4,
FT3, and FT4/FT3 ratio in the three groups are shown in
Table 3. When compared with normo-weight euthyroid
subjects, both obese and normo-weight hypothyroid
patients had significantly lower serum FT4 concen-
trations. On the other hand, the serum levels of FT3
displayed a different behavior, being significantly lower
in hypothyroid obese subjects, but not in hypothyroid
normo-weight patients, when compared with euthyroid
normo-weight controls. As a consequence, the FT4/FT3
ratio, while being significantly lower in hypothyroid
normo-weight patients, did not differ in hypothyroid
obese subjects compared with euthyroid normo-weight
controls.
Evidence for humoral thyroid autoimmunity
in morbid obese patients and in controls

The overall prevalence of thyroid Ab positivity was
11.4% in the whole cohort of patients with morbid
obesity. To further investigate this issue, all the 48 obese
patients being classified as hypothyroid (i.e. those being
treated with L-T4 for a previous diagnosis of hypothyr-
oidism and those with a raised TSH in the absence of
specific treatment) were considered together. The
remaining 299 obese patients with normal thyroid
function parameters constituted the euthyroid group.
Hyperthyroid obese patients were excluded from this
analysis.
www.eje-online.org
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Table 3 Comparison of serum-free thyroid hormones levels between healthy normo-weight controls (CG1), hypothyroid normo-weight
patients (CG2), and hypothyroid obese patients.

Euthyroid
normo-weight
controls (CG1)

Normo-weight
controls with SH

(CG2)
P value
versus CG1

Morbid obese
patients with SH

P value
versus CG1

No. of cases 50 56 28
FT3 (ng/dl) 3.44G0.53 3.37G0.90 NS 3.06G0.60 !0.005
FT4 (pg/ml) 13.79G2.17 11.20G2.18 !0.0001 11.41G2.11 !0.0001
TSH (mUI/l) 1.28G0.51 5.93G2.97 !0.0001 5.95G3.07 !0.0001
FT4/FT3 4.14G1.09 3.49G0.92 !0.01 3.68G0.79 NS

406 M Rotondi and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (2009) 160
As expected, the positivity rate for thyroid Ab was
significantly higher in hypothyroid when compared
with euthyroid obese patients. In detail, 19 out of 299
(6.35%) euthyroid obese patients were positive for either
Tg-Ab or TPO-Ab, as opposed to 18 out of 48 (37.5%)
hypothyroid obese patients (P!0.0001).

The relatively low prevalence of circulating thyroid
Ab (37.5%) in obese hypothyroid patients prompted a
further analysis, which was restricted to those patients
who were untreated. The rate of thyroid Ab positivity in
this group of obese patients was compared with that
observed in TSH-matched normo-weight hypothyroid
patients (CG2). No significant differences were observed
as to serum FT4, FT3, and FT4/FT3 ratio between the
two groups. On the other hand, the rate of positivity for
circulating thyroid Ab in the 56 hypothyroid normo-
weight patients was 66.1%, when compared with a
significantly (P!0.005) lower figure (32.1%) found in
the 28 hypothyroid obese patients (Fig. 1).

In the whole cohort of obese patients considered in
the present study, the rate of hypothyroidism was
significantly higher (P!0.05) in females (16.5%)
when compared with males (6.5%); however, the
male/female ratio was much lower (half) than that
expected. This relatively low female gender prevalence
required further investigation. When only hypothyroid
obese patients who were positive for circulating thyroid
Figure 1 Positivity rate for thyroid antibodies in hypothyroid morbid
obese patients and in hypothyroid TSH-matched normo-weight
patients (CG2; C, positive test; K, negative test).

www.eje-online.org
Ab were taken into account, a significant association
was found between hypothyroidism and female sex.
Indeed, the rate of hypothyroidism was 1.5% (1 case out
of 87) amongmale patients versus 7.0% (16 cases out of
229) in females, with a male/female ratio of 1:4.7;
(P!0.05). On the other hand, when only hypothyroid
patients with negative tests for thyroid Ab were taken
into account, there was no significant difference in the
gender prevalence, with 5 out of 91 (5.5%) affected
males and 26 out of 239 (10.9%) affected females (NS).
Discussion

Thyroid function parameters and thyroid Ab findings
were investigated in a large group of patients with
morbid obesity (BMIR40 kg/m2), and compared with
euthyroid or hypothyroid control groups of normo-
weight subjects. The main results are hereby sum-
marized and commented.

First of all, morbid obese patients showing serum
levels of free thyroid hormones and TSH within the
normal range and having negative tests for circulating
Tg-Ab and TPO-Ab displayed significantly lower serum
levels of FT4 and FT3, and higher serum concentrations
of TSH compared with normo-weight euthyroid
subjects. However, the FT4/FT3 ratio did not differ
between euthyroid obese patients and normo-weight
subjects. Previous studies evaluating thyroid function
parameters in obese patients reported discrepant
findings. The most consistently reported observation
was that, as opposed to healthy controls (11, 12, 14–
16), the serum levels of TSH are higher in obese
patients. Unlike TSH, data regarding the circulating
levels of free thyroid hormones are discrepant between
different studies, which reported either increased or
decreased serum concentrations of FT3 (11, 12, 14),
with normal or decreased FT4/FT3 ratios (12, 14).
Discrepancy is most likely due to the inclusion of
patients with different degrees of obesity, as assessed by
BMI, or different fasting plasma insulin concentrations,
which were recently demonstrated to be positively
related to FT3 levels, independently from plasma
glucose concentration (20).

Indeed, the clinical and genetic peculiarities of
patients with morbid obesity would suggest that the
Downloaded from Bioscientifica.com at 08/22/2022 08:59:17PM
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repercussions of body weight excess on thyroid
function parameters should not be regarded as a
continuous gradient, which implies that differences
may exist between lower grades of overweight and
morbid obesity.

The second relevant observation was that hypothyr-
oid patients with morbid obesity showed an unexpect-
edly low rate of positive tests for thyroid Ab (21). This
finding was also evident in untreated obese patients
with a raised TSH, who, when compared with TSH-
matched normo-weight hypothyroid patients, had a
significantly lower rate of thyroid antibody positivity
(32 vs 66% respectively). Thus, in the majority of
morbid obese patients with a raised TSH, there was no
evidence of humoral thyroid autoimmunity as a possible
cause of their abnormal thyroid function. The finding of
such a high rate of negative tests for thyroid Ab in obese
patients with hypothyroidism is not limited to our study
(12) and deserves a specific discussion.

The prevalence of positive tests for circulating thyroid
Ab in our entire cohort of morbid obese patients was
similar (11%) to that found in the general population,
as exemplified by figures reported by NHANES III (21).
The female gender prevalence of positive test for Thyr-
Ab (14 and 3% in women and men respectively) was
also similar to that reported in the literature (21). These
data indicate that patients with morbid obesity do
develop thyroid autoantibodies just like normo-weight
subjects.

Furthermore, as suggested by a recent review, the
strongest epidemiological evidence for lowering the TSH
normal range is the fact that euthyroid subjects with
TSH between 3 and 4.5 mIU/l show higher rates of
thyroid Ab positivity and of progression to overt
hypothyroidism (19), in contrast to the finding of raised
TSH levels without Ab positivity observed in morbid
obese patients.

The fact that our obese patients with a raised TSH did
not receive previous treatments with LT4 rules out the
possibility that thyroid replacement therapy might have
reduced the levels of circulating thyroid Ab (22).

The finding that the rate of positive tests for Thyr-Ab
was low in our obese patients with a raised serum TSH,
but not in the general population of subjects with
morbid obesity, would support the view that thyroid
autoimmunity is not responsible for the alteration of
TSH and free thyroid hormones.

The observation that a female gender prevalence
among morbid obese patients with hypothyroidism was
found only in the subgroup with thyroid Ab positivity,
but not in those with negative tests for thyroid Ab,
further supports the non-autoimmune etiology of
thyroid function abnormalities in the latter subgroup
of patients.

Comparison of serum thyroid function parameters
between obese subjects with a raised TSH and normo-
weight patients matched for their serum level of TSH
allowed further insights. Indeed, obese patients, at
variance with normo-weight hypothyroid controls, had
a similar FT4/FT3 ratio when compared with euthyroid
normo-weights subjects. Taken together all of these data
make the diagnosis of hypothyroidism strongly ques-
tionable, at least in morbid obese patients with negative
tests for serum Tg-Ab and TPO-Ab.

The above considerations would allow hypothesizing
that in patients with morbid obesity the raised serum
levels of TSH may be independent of thyroid function,
and that the interaction between TSH and adipose tissue
occurs on a circuit different from that involved in
thyroid regulation. Further indirect evidence support-
ing the above hypothesis derives from the reversibility of
SH in morbid obese patients following weight loss
induced by bariatric surgery (23) and from the
observation that some peripheral indices of impaired
thyroid function do not significantly differ between
morbid obese patients with SH and those who are
euthyroid (24, 25).

The observational data and the cross-sectional
design of the current study together with the lack
of routine thyroid ultrasound scans do not provide
insights into the mechanisms responsible for the
raised serum TSH observed in thyroid Ab negative
patients with morbid obesity. However, there could be
plausible biological explanations sustaining our find-
ings and those of previous studies, which point to the
same direction. In a phylogenetic hypothesis, individ-
uals showing lower serum levels of FT4 and FT3
might belong to a population with a lower basal
energy expenditure rate, which has been highly
selected through evolution, and therefore would be
more prone to develop morbid obesity. In their
complex, our data and those of the literature would
suggest that fat accumulation is associated with an
increase in TSH levels, and that the control of TSH
secretion by free thyroid hormones is impaired in
morbid obesity, possibly as an adaptive thermogenic
phenomenon.

In conclusion, the results of our study indicate that:
increased serum levels of TSH and decreased concen-
trations of FT and FT are associated with morbid obesity;
morbid obese patients have an increased prevalence of
raised serum TSH, which in most cases is not
accompanied by circulating thyroid Ab; the finding of
a thyroid hormone profile suggestive of SH may not
indicate true hypothyroidism in patients with morbid
obesity.

Future studies taking into account the peripheral
indices of thyroid hypofunction will be required to
further characterize the clinical significance of a raised
serum TSH in morbid obese patients.
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