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Abstract

Objective: The increasing prevalence of obesity is expected to promote the demand for endocrine testing. To facilitate
evidence guided testing, we aimed to assess the prevalence of endocrine disorders in patients with obesity. The review
was carried out as part of the Endocrine Work-up for the Obesity Guideline of the European Society of Endocrinology.
Design: Systematic review and meta-analysis of the literature.

Methods: A search was performed in MEDLINE, EMBASE, Web of Science and COCHRANE Library for original articles
assessing the prevalence of hypothyroidism, hypercortisolism, hypogonadism (males) or hyperandrogenism (females)
in patients with obesity. Data were pooled in a random-effects logistic regression model and reported with

95% confidence intervals (95% Cl).

Results: Sixty-eight studies were included, concerning a total of 19.996 patients with obesity. The pooled prevalence
of overt (newly diagnosed or already treated) and subclinical hypothyroidism was 14.0% (95% Cl: 9.7-18.9) and 14.6%
(95% Cl: 9.2-20.9), respectively. Pooled prevalence of hypercortisolism was 0.9% (95% Cl: 0.3-1.6). Pooled prevalence
of hypogonadism when measuring total testosterone or free testosterone was 42.8% (95% Cl: 37.6-48.0) and 32.7%
(95% ClI: 23.1-43.0), respectively. Heterogeneity was high for all analyses.

Conclusions: The prevalence of endocrine disorders in patients with obesity is considerable, although the underlying
mechanisms are complex. Given the cross-sectional design of the studies included, no formal distinction between
endocrine causes and consequences of obesity could be made.

European Journal of
Endocrinology
(2020) 182, 11-21

Introduction 10-30% of adults in European Union countries (http://
www.euro.who.int/en/health-topics/noncommunicable-

The prevalence of obesity is rapidly increasing. According diseases/obesity/data-and-statistics) Although  most

to the World Health Organization, obesity now affects
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cases of obesity are related to the interaction between
unfavorable genes and a sedentary lifestyle and increased
caloric intake, in a small proportion, secondary causes can
be identified. These causes include endocrine conditions
such as hypothyroidism, hypercortisolism or hypo-(males)
or hyperandrogenism (females). The European Guidelines
for Obesity Management in Adults therefore state that
history taking should consider endocrine abnormalities
and that laboratory examinations should include thyroid
function for every obese patient, and an endocrine
evaluation for Cushing’s syndrome in case of clinical
suspicion (1). The AACE/ACE Guidelines for Medical Care
of Patients with Obesity state that biochemical testing for
hypothyroidism or hypercortisolism is indicated if related
clinical findings or symptoms are present (2).

The increasing prevalence of obesity is expected to
promote the demand for endocrine testing. However,
obesity and above mentioned endocrine disorders
share many clinical characteristics and therefore the
precise merits of biochemical testing for endocrine
disorders in obese patients remain unclear. For evidence-
guided testing, detailed knowledge of the prevalence
of endocrine conditions in obesity is a prerequisite.
The objective of this study was to perform a systematic
review and meta-analysis on the prevalence of endocrine
disorders (i.e. hypothyroidism, hypercortisolism or
hypo- or hypergonadism) in patients with obesity. The
review was carried out as part of the Endocrine Work-up
for the Obesity Guideline of the European Society of
Endocrinology.

Methods
Eligibility criteria

Cross-sectional studies assessing the prevalence of
endocrine disorders in obese patients were eligible for
inclusion. Studies including patients with obesity (BMI >30
kg/m?) or an increased waist circumference (determined
by region- and ethnic-specific cut-off point values, see
under ‘Risk of bias assessment’) were eligible; also studies
with stratified data for the groups mentioned above
were considered. The following endocrine conditions
were considered: hypothyroidism, hypercortisolism,
hypogonadism (males) and hyperandrogenism (females).
With regard to hypothyroidism, a distinction was made
between clinical (i.e. raised thyroid-stimulating hormone
(TSH) and low free thyroid hormone levels) and subclinical
hypothyroidism (i.e. raised TSH, normal free thyroid
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hormone levels) if possible. Eligible articles should present
data on endocrine disorders based on biochemical tests.
We relied on the choice of endocrine tests as presented in
included articles and the definition of a positive test was
based on cut-off values provided in included articles. The
prevalence of an endocrine disorder was defined as the
number of positively tested (or known treated) patients
divided by the total number of tested patients.

In order to avoid the inclusion of case reports or case
series, which are more prone to selection and publication
bias, only studies reporting a population of ten or more
patients with obesity were eligible. In case of multiple
studies describing the same cohort, the study which
comprised the highest number of subjects was included.
Eligible studies were restricted to languages familiar to the
authors (English, French, German, Dutch and Spanish).
Articles that were irretrievable online were requested
by contacting the authors. We also tried to contact the
authors for clarification when reported data were not
sufficient for accurate data extraction.

Search strategy

In May 2018, PubMed, EMBASE, Web of Science and
COCHRANE were searched to identify potentially relevant
studies, published from 1980 onward (Supplementary
data 1, see section on supplementary materials given at
the end of this article). References of key articles were
assessed for additional relevant articles.

Data extraction

All studies obtained from the search strategy were entered
into reference manager software (EndNote X8, Clarivate
Analytics, Philadelphia, PA) and were screened on title
and abstract. Potentially relevant studies were retrieved
for detailed assessment. For eligible studies, data were
independently extracted by two reviewers (L T v H and
O D). Disagreements between reviewers were resolved by
consensus.

Risk of bias assessment

Risk of bias assessment was based on design elements
that potentially bias an association between the exposed
population under study (patients with obesity) and the
outcome (endocrine disorders) (3):

1. Selection of patients. Inclusion of consecutive exposed
patients, not selected for endocrine testing because of

https://eje.bioscientifica.com
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a high pre-test probability for endocrine conditions

(e.g. only females with obesity and hirsutism tested

for androgen excess) and exclusion of patients in

whom biochemical testing could be unreliable (e.g.

use of exogenous glucocorticoids in case of testing for

hypercortisolism) were considered adequate.

2. Determination of exposure (endocrine dysfunction).
The following biochemical tests were considered as
adequate assessments of endocrine dysfunction:

— For hypothyroidism: raised thyroid-stimulating
hormone (TSH) (4).

- For hypercortisolism: >2 of the following
measurements: urine free cortisol (UFC)>the
normal range for the assay, elevated late-
night salivary cortisol (LNSC), elevated serum
cortisol after 1-mg overnight dexamethasone
suppression test (ODST) or after longer low-dose
dexamethasone suppression test (2 mg/day for
48 h) (LDDST) (5).

— For male hypogonadism: a low total or free
testosterone (TT or FT, respectively), measured on
two separate days in a fasting state (6).

- For female hyperandrogenism: a high TT or
FT, measured at any time during the menstrual
cycle (7).

3. Ascertainment of the exposure (obesity). The WHO
uses a BMI 30 kg/m? as threshold to define obese.
In addition, in persons with BMI <35 kg/m? it is
advised to determine abdominal obesity, assessed by
WC with region- and ethnic-specific cut-off point
values, since abdominal obesity may not be captured
in this BMI range but is an excellent marker for
obesity-related disease risk (2). A BMI of >30 kg/m?
and/or large WC as expression of abdominal obesity
(definition of enlargement based on different criteria
used in included articles) were therefore considered an
adequate outcome determination.

Elements of risk of bias assessment were used as a marker
of study quality and were used to explore potential
heterogeneity.

Statistical analysis

For all studies, the number of patients tested positive for
endocrine dysfunction (numerator) and the total number
of patients (denominator) were used to estimate the
prevalence of endocrine dysfunction. For all prevalences
exact 95% confidence intervals (95% CI) were estimated.
Meta-analysis was performed using the metaprop command
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in STATA (8). Given the expected clinical heterogeneity
a random-effects model was performed by default.
Meta-analysis was performed using an exact likelihood
approach. For all analyses, indices of heterogeneity, I?
statistics and Cochrane’s Q-test, were reported. Subgroup
analyses and meta-regression were used to explore
potential heterogeneity. All analyses were performed with
STATA 14.0 (Stata Corp).

Results

Study selection

The initial search resulted in 3819 unique records; 165
were selected for detailed assessment. After detailed
assessment, 109 articles were excluded (Fig. 1). Twelve
additional articles were found in references of key articles.
Finally, a total of 68 studies were included in the present
analysis. Two studies assessed both hypothyroidism and
hypercortisolism (9, 10), while all other studies assessed a
single endocrine condition. Except for one article which
was written in Spanish (11), all articles were in English.
Articles were published between 1987 and 2018. Sixty-two
articles (91%) studied a BMI defined population, 6 (9%)
studied a WC defined population.

3819 potentially relevant
publications identified from
electronic search

3654 publications excluded based
on title and abstract

165 publications retrieved for
detailed assessment

109 publications excluded after full
review

Reasons for exclusion:

No data on prevalence of
endocrine dysfunction (n = 54)

- Cohortincludes non-obese
patients (n = 44)

12 publications retrieved from
references of key articles

Data from cohort published
more than once (n = 2)

No original data: reviews (n = 9)

68 publications included in present
systematic review

Figure 1
Study selection.
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Hypothyroidism
Study characteristics

Twenty-seven studies concerning (subclinical)
hypothyroidism were included, published between 1987
and 2018. A total of 7446 patients with obesity were
included, of whom at least 1288 males and 5256 females
(3 studies did not differentiate gender). Mean age ranged
from 35.8 to 52.7 years, mean BMI from 27.2 to 53.0 kg/m?,
mean WC from 95.7 to 137.5 cm. Individual study

characteristics are displayed in Supplementary data 2.

Risk of bias

Nine studies selected patients with obesity who were
evaluated for bariatric surgery for inclusion (9, 10, 12, 13,
14, 15, 16, 17, 18), one study selected patients evaluated
for sleep-disordered breathing (19) and one study patients
with type 2 diabetes mellitus (T2DM) (20). Four studies
determined obesity by WC, the other studies by BMI.
Two studies did not specify a definition of (subclinical)
hypothyroidism (15, 21) and four studies (14, 17, 18,
22) classified patients on thyroxine substitution as
hypothyroid. All other studies diagnosed (subclinical)
hypothyroidism based on raised TSH levels; two studies
measured TSH levels after administration of thyrotropin-
releasing hormone (TRH) intravenously (23, 24).

Prevalence of hypothyroidism

Reported prevalence of overt (newly diagnosed or already
treated) hypothyroidism ranged from 1.7 to 43.7%. In
studies including patients who were evaluated for bariatric
surgery, that is, patients with obesity grade II or III (BMI
35.0-39.9 or >40 kg/m?), these numbers were 10.3-18.1%
and 7.7-25%, respectively. The pooled prevalence of overt
hypothyroidism from a random-effects model was 14.0%,
95% CI 9.7-18.9% (19 studies, ?’=96%, P<0.01). Studies
restricted to patients undergoing bariatric surgery showed
a prevalence of 12.7%, 95% CI 10.1-15.1 (six studies,
I?=72%). BMI was not positively correlated with the
prevalence of overt hypothyroidism in a meta-regression;
in fact, two studies with a relatively low mean BMI (34
and 37 kg/m? respectively) reported high prevalences of
32.9 and 43.7% (Figs 2 and 3).

Prevalence of subclinical hypothyroidism ranged
from O to 58.3%. The pooled prevalence of subclinical
hypothyroidism from a random-effects model was

Prevalence of endocrine 182:1 14
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Study %
Author population (n) ES (95% Cl) Weight
‘
Agarwal 74 L —— 24.3(16.0,352) 4.93
Fierabracci 783 : — 18.1(15.6,21.0) 5.70
Ghazali 49 —l—.— 204 (11.5,336) 459
Gupta 60 —— 3 3.3(0.9,114) 477
Jankovic 433 — 11.3(8.7,146) 563
Janssen 503 —_— 127(10.1,159) 565
Lima 1987 - 3 6.0(5.1,7.2) 5.76
Lozanov 231 ] — 437 (37.5,50.2) 549
Mannucci 256 o 21.1(16.5,26.5) 552
Marzullo 168 —— : 42(20,83) 5.38
Mehta 50 —+— 14.0 (7.0, 26.2) 4.60
Michalaki 144 —01— 11.8 (7.5, 18.1) 5.32
Montoya-Morales 52 —— 7.7(30,18.2) 464
Racataianu 82 —.— 146(86,239) 500
Raftopoulos 224 —O—f- 10.3 (6.9, 14.9) 5.48
Rotondi 350 —_— 6.0 (4.0,9.0) 559
Saluja 7 —_— 127(6.8,22.4)  4.90
Szomstein 192 —0+ 10.9 (7.3, 16.1) 543
Verma 450 ] —_— 329(28.7,374) 563
Overall (12 =95.7%, p = 0.0) <> 14.0 (9.7, 18.9) 100.00
T T T T T T T T
o 10 20 30 40 50 60 70
Figure 2

Prevalence of overt hypothyroidism in patients with obesity.
A full colour version of this figure is available at https://doi.
org/10.1530/EJE-19-0666.

14.6%, 95% CI 9.2-20.9% (19 studies, ’=97%, P<0.01).
Studies restricted to patients undergoing bariatric surgery
showed a prevalence of 11.9%, 95% CI 7.4-17.3 (five
studies, =83%). BMI was not positively correlated with
the prevalence of subclinical hypothyroidism in a meta-
regression (P=0.50).

Hypercortisolism

Study characteristics

Twenty-two  studies  concerning  hypercortisolism
were included, published between 1996 and 2018
(Supplementary data 3). The 22 study groups contained a
total of 5819 patients: 1888 males and 3931 females, with
a mean age ranging from 37.8 to 60.9 years. Mean BMI
ranged from 29.8 to 51.5 kg/m?.

Risk of bias

Eleven studies selected patients with concomitant
T2DM for inclusion; one study patients with resistant
hypertension next to obesity (25). Two studies included
patients with obesity and at least two other features
of Cushing’s syndrome (26, 27). Two studies did not
report exclusion criteria (9, 28). All studies adequately
assessed obesity, one by WC (25), the others by BMI,
and all used >2 of the biochemical tests for assessment
of hypercortisolism.
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Study %
Author population (n) ES (95% CI) Weight
Agarwal 74 ‘ _ 52.7(415,637) 509
Chikunguwo 86 —_—— 105(56,187) 517
Duntas 43 —_— 70(24,186) 476
Ghazali 49 — 20(04,107) 485
Gupta 60 ————— 583(457,609) 4.98
Jankovie 433 - 74(53,102) 555
Janssen 503 . 145(117,179) 557
Khan 173 —— 16.2(11.4,224) 540
Lima 1987 . ! 15(1.0,21) 563
Marzullo 168 —_— 60(33,106) 539
Michalaki 144 —_— 76(43,132) 535
Mohammad 200 —— 16.0(116,217) 543
Montoya-Morales 52 — 58(20,156)  4.89
Moulin de Moraes 72 f—— 250(164,36.1) 508
Resta 78 —_— 115(62,205) 512
Rotondi 350 - 77(54,11.0) 653
Saluja 7 _ 437(327,552) 507
Verma 450 - 11.1(85,144) 556
Zhang 534 | —— 202(17.0,238) 557
Overal (1"2 = 96.9%, p = 0.0) <= 146(92,209)  100.00
T T T T T T T T
0 10 20 30 40 50 60 70
Figure 3

Prevalence of subclinical hypothyroidism in patients with
obesity. A full colour version of this figure is available at
https://doi.org/10.1530/EJE-19-0666.

Prevalence of hypercortisolism

Prevalence of hypercortisolism ranged from 0 to 9.3%.
In studies including patients with T2DM these numbers
were 0 to 5.5%; the study including patients with resistant
hypertension reported a prevalence of 2.6% (25). The
studies including patients with obesity and two other
features of Cushing’s syndrome both reported a prevalence
of 0% (26, 27). The pooled prevalence of hypercortisolism
from a randome-effects model was 0.9%, 95% CI 0.3-1.6%
(22 studies, I?=79%, P<0.01). Studies restricted to patients
with T2DM did show a similar prevalence in a subgroup
analysis (11 studies, prevalence 1.1%, 95% CI 0.3-2.1, I?
70%). Mean BMI at the study level was not clearly related
to the reported prevalence (P=0.69) (Fig. 4).

Hypogonadism in males

Study characteristics

Eighteen included studies, published from 1994 to
2016, reported on prevalence of male hypogonadism
(Supplementary data 4). They comprised a total of 4546
obese male patients, with a mean age ranging from 27.9 to
61.9 years. Mean BMI ranged from 24.8 to 50.3 kg/m?. Six
of included studies reported data on subgroups of patients
with morbid/severe obesity, defined by BMI >40 kg/m?2.

Risk of bias

Seven studies selected patients with T2DM (29, 30, 31,
32, 33, 34, 35) and one patients with benign prostatic

Prevalence of endocrine 182:1 15
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Study %
Author population (n) ES (95% C) Weight
Aberle 83 O—f_ 0.00 (0.00,4.42) 3.50
Abraham 369 - 0.00(0.00,1.03) 5.36
Alhambra Exposito 399 .-f- 0.25(0.04,1.41) 542
Baid 369 0—: 0.00(0.00,1.03) 5.36
Caetano 103 :—0— 291(1.00,822) 384
Cansu 400 —-— 1.25(0.54,2.89) 5.42
Cardoso 39 —_— 256 (0.45,13.18) 2.34
Catargi 200 | — 550 (3.10,9.58) 474
Fierabracci 783 - 0.77(0.35,1.66)  5.84
Gagliardi 106 — 0.00 (0.00,350) 3.88
Jankovic 433 -— 0.00 (0.00,0.88)  5.49
Karaman 200 — 150 (0.51,4.32) 474
Lammert 276 — 072(0.20,260) 509
Leibowitz %0 —— 333(1.14,9.35) 363
Liu 46 0—l— 0.00(0.00,7.71) 258
Mert 148 :—0— 270(1.06,6.74) 4.36
Mullan 201 O—l— 0.00(0.00,1.88) 4.75
Ness-Abramof 86 i —_— 5.81(2.51,12.90) 3.56
Newsome 171 0—1— 0.00(0.00,2.20) 4.55
Sahin 354 0:— 0.56 (0.16,2.04) 5.32
Terzolo 813 -0‘— 0.74 (0.34,160) 585
Tiryakioglu 150 ! —_— 9.33 (5.64, 15.06) 4.38

Overall (1"2=79.18%,p=000) <> 0.87(0.33,161)  100.00

T T T T
0 10 20 2

Figure 4

Prevalence of hypercortisolism in patients with obesity. A full
colour version of this figure is available at https://doi.
org/10.1530/EJE-19-0666.

hyperplasia (36). All studies adequately assessed exposure;
one measured WC (33), all other studies BMI. All but one
(33) included studies performed only one measurement of
testosterone and were therefore considered at higher risk
of bias. Six, five and seven studies reported on levels of TT,
levels of FT or both, respectively.

Prevalence of hypogonadism

Prevalence of hypogonadism ranged from 22.9 to 78.8%
and from O to 51.5% depending on whether low TT or
low FT was used to define hypogonadism, respectively. In
studies including patients with T2DM, prevalence ranged
from 22.6 to 57.9%. In studies describing subgroups
of patients with morbid/severe obesity, prevalence
ranged from 15.2 to 78.8%. The pooled prevalence of
hypogonadism when TT was measured was 42.8%,
95% CI 37.6-48.0% (13 studies, ?=89%, P<0.01). The
pooled prevalence of hypogonadism when FT was measured
was 32.7%, 95% CI 23.1-43.0% (11 studies, ?=96%,
P<0.01). Mean BMI at the study level was not clearly related
to the reported prevalence (P=0.16) (Figs 5 and 6).

PCOS
Study characteristics
All three included studies concerning hyperandrogenism

investigated prevalence of polycystic ovary syndrome
(PCOS) in a total of 2185 premenopausal obese women,
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Study %

Author population (n) ES (95% CI) Weight
Alhayek 477 —0—3 40.0(35.7, 44.5) 9.05
Calderon 100 + 44.0(34.7,53.8) 722
Cooper 1647 3 - 48.4 (46.0, 50.8) 9.51
Dhindsa 716 —0‘:- 41.2(37.7,44.8) 9.26
Hofstra 149 3 —_— 57.7 (49.7, 65.4) 7.88
Ippersiel 75 + 42.7 (32.1,53.9) 6.65
Kaplan 494 —‘—3 39.3(35.1,43.6) 9.08
Kapoor 221 —_— 3 25.8(20.5,31.9) 8.40
Liu 139 —_— 3 30.9(23.9, 39.0) 7.78
Nesen 70 — 29(146,340 651
Pellitero 33 3 —_— 78.8 (62.2,89.3) 4.77
Rabijewski 151 3 —_— 52.3 (44.4,60.1) 7.90
Samavat it 55 —;—0— 47.3(34.7,60.2) 5.98
Overall (12 = 89.2%, p = 0.0) Q 42.8(37.6, 48.0) 100.00

T T T T T T T T T T

) 10 20 30 40 50 60 70 80 90 100

Figure 5

Prevalence of hypogonadism in patients with obesity (total
testosterone). A full colour version of this figure is available at
https://doi.org/10.1530/EJE-19-0666.

with a reported mean age of 37 years (Supplementary data
5). Mean BMI was not reported. Studies were published
from 2006 to 2015.

Risk of bias

All studies included unselected obese premenopausal
female patients with adequate assessment of exposure;
obesity was defined by BMI. All three studies defined
PCOS as the presence of clinical and/or biochemical
hyperandrogenism (measured by FT) and ovulatory
dysfunction.

Study %
Author population (n) ES (95% Cl) Weight
Calderon 100 —:4— 34.0(25.5,43.7) 9.52
Cooper 1647 - 3 16.2(14.5, 18.1) 10.32
Dhindsa 63 —:o— 38.1(27.1, 50.4) 9.08
Ganesh 3 —O—i— 226 (11.4,39.8) 8.06
Giagulli 40 —o:— 25.0(14.2,40.2) 848
Ippersiel 75 —v—.— 38.7 (285, 50.0) 9.27
Liu 139 —o— 237 (17.4,31.5) 9.75
Overall (12 = 95.5%, p = 0.0) <> 32.7 (23.1, 43.0) 100.00
T T T T T T T T T T
o 10 20 30 40 50 60 70 80 90 100
Figure 6

Prevalence of hypogonadism in patients with obesity (free
testosterone). A full colour version of this figure is available at
https://doi.org/10.1530/EJE-19-0666.
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Prevalence of hyperandrogenism

Prevalence of PCOS ranged from 9.1 to 25%, and no
pooled proportion was estimated given the low number
of studies.

Discussion

We performed a systematic review and meta-analysis of
the prevalence of several endocrine disorders in obesity.
Whereas the prevalence of hypercortisolism waslow (<1%),
the prevalence of hypothyroidism and hypogonadism was
considerable. However, given the cross-sectional design
of the studies included, no formal distinction between
endocrine causes and consequences of obesity could be
made. Although heterogeneity was high for all analyses,
subgroup analyses and meta-regression did not reveal
clear sources of heterogeneity.

The pooled prevalence of subclinical hypothyroidism
(newly diagnosed or already treated)
hypothyroidism in obesity were 14.6 and 14.0%,
respectively. These numbers are clearly higher than
numbers in the general population, where prevalence
numbers of 4.3 and 0.3% are reported for respectively
subclinical hypothyroidism and overt hypothyroidism
in America, and of 3.8 and 0.4% in Europe (37, 38). It
should be noted that the male-to-female ratio in our
review is 1:4 and the prevalence of thyroid disorders
is known to be higher in females (4). Furthermore, the
reported prevalence numbers in our review differed
considerably and ranged from O to 58.3% (subclinical
hypothyroidism) and 1.7-43.7% (overt hypothyroidism).
Likely this is due to different clinical characteristics of the
various study populations. For example, high prevalence
numbers of subclinical hypothyroidism were reported in
studies from India (21, 39, 40, 41), where it is reported
that a high prevalence of endemic goiter persists despite
the implementation of iodized salt (42). Lastly, it should
be noted that patients treated with levothyroxine were
classified as having hypothyroidism.

The general perceptionisthathypothyroidismisacause
of weight gain via decreased resting energy expenditure
and reduced physical activity, leading to accumulation of
body fat, and a reduced capacity of excreting free water,
leading to increased water content of the body (43). In
line, TSH levels in the upper part of the reference range are
associated with increased odds of obesity compared with
TSH levels in the lower part of the reference range (44).
However, the effects of hypothyroidism on weight gain
are generally considered to be modest (45). In obesity, a
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positive correlation between measures of adiposity and
TSH was shown, with an inverse relation to low/normal
free thyroxine (FT4) (46). A possible explanation could be
that the rate of thyroid hormone disposal is increased in
adiposity, since turnover rate is proportional to body size.
This increased disposal rate might promote activation
of the hypothalamus-pituitary-thyroid axis, aimed
at maintaining serum thyroid hormones within the
euthyroid range (43). The net result would be biochemical
subclinical hypothyroidism. This reverse relationship
between obesity and hypothyroidism is further supported
by the fact that several studies observed a significant
decrease of TSH levels after weight loss resulting from
bariatric surgery (10, 14, 16). Importantly, treatment of
hypothyroid patients with thyroxine until clinically
euthyroid did not change BMI (47, 48).

The results of our review revealed a low prevalence
of hypercortisolism in patients with obesity (<1%).
All included studies used >2 of the biochemical tests
for assessment of hypercortisolism as recommended
by the Endocrine Society Guideline (5), and if positive,
followed by imaging studies to determine the source
of hypercortisolism. Exact prevalence numbers of
hypercortisolism in the general population are not
known, but the incidence of Cushing’s syndrome caused
by endogenous hypercortisolism is rare with an incidence
of 2-3 per million (49, 50).

It is important to note that half of included studies
concerned T2DM patients and a recent meta-analysis
showed a prevalence of 3.4% of hypercortisolism in
T2DM patients (51). Interestingly, in that study adrenal/
pituitary imaging was negative in 31% of patients with
documented hypercortisolism. This led the authors to the
hypothesis that hypercortisolism in T2DM patients with
negative imaging may reflect an underlying inflammatory
component of T2DM (52) involving activation of
the hypothalamus-pituitary-adrenal axis or that
elevated cortisol levels occurred as a counter regulatory
neuroendocrine response to hypoglycaemia (53). In our
review though, imaging was negative in none of the
obese patients with proven hypercortisolism (although
two patients refused further investigation of the source of
hypercortisolism); they were all diagnosed with a pituitary
or adrenal source of hypercortisolism.

Our study revealed a relatively high prevalence
of biochemical hypogonadism in obese men (pooled
prevalence 33%). The HIM (Hypogonadism in Males)
study previously reported a prevalence of hypogonadism
of 38.7% of men aged >45 years presenting to primary
care offices in the United States (54), with an increased
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risk in men with obesity (odds ratio 2.38). The negative
correlation between testosterone and BMI in men is
well established and low testosterone levels promote
accumulation of total and visceral fat mass (55). It is
important to consider that hypogonadism can be the cause
but also the consequence of obesity (6). Several underlying
mechanisms have been proposed. Firstly, elevated leptin
concentrations in obese men may inhibit the production
of testosterone by Leydig cells (56). Secondly, aromatase
cytochrome P450 in adipocytes increases the conversion
of testosterone to estradiol. The higher levels of estradiol
cause augmentation of estrogen receptor beta expression,
which downregulates glucose transporter (GLUT) 4
and therefore induce insulin resistance (57). The lower
levels of adiponectin seen in obesity can also lead to
increased hepatogenous glucose production and insulin
resistance (58). Insulin resistance can induce decreased
sex-hormone-binding globulin (SHBG) production of the
liver, which in turn leads to a larger amount of TT available
for conversion to estradiol in fat tissue. Because of the
decrease in SHBG and the consequent altered levels of TT,
the Endocrine Society recommends to measure FT instead
of TT levels in obesity, unless TT concentrations are far
below the lower limit of the normal range (e.g. <150 ng/
dL), in which case the probability of FT concentrations
being within the normal range is low (6). Six included
studies in our review assessed hypogonadism by TT. All
studies reported cut-off levels for TT but none reported
exact values of low TT levels. However, both studies
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Figure 7

Prevalence of hypogonadism according to BMI. A full colour
version of this figure is available at https://doi.org/10.1530/
EJE-19-0666.
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using TT and studies using FT showed the same trend of
increasing prevalence of hypogonadism with increasing
BMI (Fig. 7). Improvement of TT/FT levels after weight
loss resulting from bariatric surgery is observed (59, 60,
61). Conversely, several studies have shown a positive
effect of testosterone replacement therapy on BMI, lean
body mass and fat mass in hypogonadal men, although
the effect is modest (62, 63, 64, 65, 66).

Importantly, only one study met our biochemical
pre-definition of hypogonadism, by using two separate
measurements of testosterone (33). The reported
prevalence in this study was 22.6%. Since day-to-day
variations in serum testosterone concentrations can
be large, it is important to confirm low testosterone
concentrations with repeat measurement (6).

Our literature search did not identify studies
exclusively investigating prevalence of biochemical
hyperandrogenism in women with obesity; only three
studies investigating prevalence of PCOS were included.
All three studies used the presence of clinical and/or
biochemical hyperandrogenism as an essential criterion
for diagnosing PCOS, but we were unable to stratify results
for biochemical hyperandrogenism only. As in males,
obesity in females, especially abdominal, is associated with
decreased production of SHBG through insulin resistance
(67). In females this is believed to increase FT fraction and
therefore causes relative hyperandrogenism, amplified by
the increased production rate of testosterone and non-
SHBG-bound DHEA and A,-androstenedione (A,-A) seen in
abdominal obesity (68). Furthermore, ovarian production
of androgens is increased through the fact that insulin
stimulates LH-mediated steroidogenesis in the theca cell
system (69). However, visceral fat mass quantified by
imaging did not differ in women with PCOS compared
with BMI-matched control women (70, 71). This is in line
with our review: prevalence of PCOS in obese women is
almost similar to the general population of reproductive-
aged women (9.1-25% vs 6-20%, dependent on which
criteria are used to define PCOS) (7).

To conclude, the prevalence of endocrine disorders
in patients with obesity is considerable, although
the underlying mechanisms are complex. For the
consequences for screening we refer to the Endocrine
Work-up for Obesity Guideline of the European Society of
Endocrinology (72).
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