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ABSTRACT

Objective: To investigate whether the available literature helps to identify the characteristics of patients
with type 2 diabetes (T2D) more frequently associated with hidden hypercortisolism (HidHyCo).
Methods: A meta-analysis was performed using studies that assessed both the prevalence of HidHyCo in
patients with T2D and the characteristics of these patients with and without HidHyCo. The DerSimonian
and Laird (DSL) and Hartung-Knapp-Sidik-Jonkman (HKS]J) methods were utilized.

Results: Among the 18 available studies, 6 provided the necessary data. The association between
HidHyCo and advanced T2D (based on the patients’ description given in each study in the presence of
microvascular/macrovascular complications or insulin treatment plus hypertension or hypertension
treated with 2 or more drugs), hypertension, insulin treatment, and dyslipidemia was reported in 5 (2184

diabetes patients), 6 (2283 patients), 3 (1440 patients), and 3 (987 patients) studies, respectively. HidHyCo was
insulin associated with advanced T2D as assessed by both the DSL (odds ratio [OR], 3.4; 95% confidence interval
[95% CI], 2.12-5.67) and HKS]J (OR, 3.60; 95% CI, 2.03-6.41) methods and with the prevalence of hyper-
tension or insulin treatment as assessed by the DSL method (OR, 1.92; 95% CI, 1.05-3.50 and OR, 2.29; 95%
CI, 1.07-4.91, respectively) but not as assessed by the HKS] method.
Conclusion: Patients with advanced T2D have a higher prevalence of HidHyCo. These data inform about
the selection of patients with T2D for HidHyCo screening.
© 2021 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Abbreviations: Cl, confidence interval; DSL, DerSimonian and Laird; HidHyCo, Introduction
hidden hypercortisolism; HKSJ, Hartung-Knapp-Sidik-Jonkman; 1mg-DST, 1-mg
overnight dexamethasone suppression test; OR, odds ratio; T2D, type 2 diabetes. Clinically overt hypercortisolism (Cushing syndrome) is known
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to cause hypertension, diabetes mellitus, and osteoporosis.! More
recently, less severe and clinically less apparent hypercortisolism

E-mail address: iacopo.chiodini@unimi.it (I. Chiodini). (previously known as “subclinical hypercortisolism” or “mild
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autonomous cortisol secretion,” frequently found in patients with
incidentally discovered adrenal adenomas) has been associated
with an increased prevalence of chronic diseases potentially
mediated by cortisol excess. These include type 2 diabetes (T2D),
hypertension, and osteoporosis.”> This subtle hypercortisolism,
characterized by the presence of biochemical cortisol excess in the
absence of the typical signs and symptoms of Cushing syndrome
(ie, striae rubrae, buffalo hump, hypertrichosis, plethora, and easy
bruising), is associated with an increased mortality due to an
increased risk of cardiovascular events and infections.? Because less
severe hypercortisolism is clearly not “subclinical,” hidden hyper-
cortisolism (HidHyCo) is a better term, appearing in current liter-
ature, describing this condition. Underlying HidHyCo in patients
with T2D, hypertension, or osteoporosis may remain occult until its
presence is suspected because of the progression and/or severity of
the associated chronic diseases.*

The prevalence of HidHyCo in the general population is esti-
mated to be 0.2% to 2%, but it has been suggested to be even higher
(up to 10%) in some specific populations as, for example, in patients
with fragility fracture or T2D."*”7 The HidHyCo diagnosis is sig-
nificant because patients affected with this form of hyper-
cortisolism generally experience a reduction of fracture risk and an
improvement in glycemic control in patients with T2D after the
normalization of cortisol levels.®

Notwithstanding this, the high prevalence of T2D, hypertension,
and osteoporosis in the general population and the relatively low
specificity of the currently available tests for the HidHyCo detection
make mass screening for HidHyCo among all patients with osteo-
porosis and T2D neither feasible nor recommended.'%'* Although
some guidance can be found in the literature regarding which pa-
tients with osteoporosis should be screened for HidHyCo, similar
guidance for HidHyCo screening among patients with T2D is lack-
ing. Indeed, even if several studies have assessed the prevalence of
HidHyCo in patients with T2D, data regarding T2D patient charac-
teristics more frequently associated with HidHyCo have not been
consistently reported.’>*

The present study aimed to investigate if the current literature
can be used to identify clinical characteristics of patients with T2D
that are associated with an increased prevalence of HidHyCo. We
have performed a meta-analysis of studies designed to assess
HidHyCo prevalence in T2D patient populations in an attempt to
define distinguishing clinical characteristics of patients with T2D
with HidHyCo compared with those without HidHyCo.

Materials and Methods
Search Strategy and Eligibility Criteria

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines have been followed for carrying out the
meta-analysis. PubMed, Scopus, Web of Science, and ScienceDirect
were searched between August 1990 and April 2021 using the
phrases “diabetes and hypercortisolism” or “diabetes and Cushing
syndrome” or “diabetes and cortisol excess” or “diabetes and sub-
clinical Cushing syndrome” or “diabetes and mild hyper-
cortisolism” as key words (Fig. 1). The Mendeley Desktop
application (version 1.18, Mendeley Ltd) was used to remove the
duplicates and apply the inclusion criteria. No language limits were
applied.

We included all original studies (excluding case reports, review
articles, editorial, and meta-analyses) specifically designed to
evaluate the prevalence of HidHyCo in patients with T2D and
reporting the clinical characteristics of patients with T2D with
HidHyCo compared with patients with T2D without HidHyCo.
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I Identification of studies via database and registers I

Records identified from:
Databases (n=6198)

Records removed before
screening:

Duplicate records removed
(n=3505)

[ Records screened (n1=2693) *| Records excluded

(0=2687)

Records sought for retrieval

(n=35)
|

Reports assessed for
eligibility (n=2693)

Records not retrieved
(n=35)

Records excluded
(n=2687):

Case report (n= 398)
Review articles (n=690)
Metanalisys articles (n=13)
Editorials/Letters (n=45)
Irrelevant articles (n=1529)
Insufficient data (n=12)

Records included in
meta-analysis (n=6)

Fig. 1. Study selection process. PubMed, Scopus, Web of Science, and ScienceDirect
were searched between August 1990 and April 2021, using the phrases “diabetes and
hypercortisolism” or “diabetes and Cushing syndrome” or “diabetes and cortisol
excess” or “diabetes and subclinical Cushing syndrome” or “diabetes and mild
hypercortisolism” as key words.

Selection Studies and Data Extraction

The studies reporting less than 5 patients affected by HidHyCo
and/or those studies not reporting the clinical characteristics of
patients with HidHyCo and/or of patients without HidHyCo have
been excluded as they did not provide enough useful data.'®-%’

For the diagnosis of HidHyCo, we used the definition reported in
the included studies: 1 mg overnight dexamethasone suppression
test (1mg-DST) > 1.8 pg/dLin 1 study, 1mg-DST > 5 pg/dLin 1 study,
1mg-DST > 1.8 pg/dL plus late night salivary cortisol 0.35 pg/dL in 1
study, 1mg-DST > 1.8 pg/dL plus late night salivary cortisol > 0.5 pg/
dL in 1 study, 2-mg 2-day (low dose) dexamethasone suppression
test >1.8 pug/dL plus late night serum cortisol > 7.5 pg/dL in 1 study,
and 1mg-DST > 1.8 pg/dL plus low dose dexamethasone suppres-
sion test > 1.8 ug/dL plus urinary free cortisol levels above the limit
of the normal range (ie, >109 ug/24 hour) in 1 study.®>*

Two authors (C.A. and 1.C.) independently screened titles and
abstracts and reviewed the full text of potentially relevant studies.
Questionable studies were discussed among these 2 authors prior
to the determination of inclusion eligibility.

The following data were extracted from the included studies
when available: authors, study location, period of the year, data
collection and study design, sample size, mean age, percentage of
male patients, ethnicity, type of outcome (ie, clinical characteristics
of patients with HidHyCo compared with those without HidHyCo),
prevalence of outcome, association estimate (odds ratios [ORs] and
95% confidence intervals [Cls]), and use of adjustment approach for
the association estimate. In the presence of studies with zero-cell
counts, we added a fixed value equal to 0.5 to all cells of the
study to estimate the raw OR>%3°

The same investigators independently assessed the quality of
the included studies using the Newcastle-Ottawa Scale.*® Discrep-
ancies were discussed among the authors and resolved by
consensus. The present meta-analysis has been registered on In-
ternational Prospective Register of Systematic Reviews (PROSPERO)
(ID CRD42021245183).
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Statistical Analysis

Random-effects meta-analysis is commonly performed by first
deriving an estimate of the between-study variation, the hetero-
geneity, and subsequently using this as the basis for combining
results, that is, for estimating the effect, the figure of primary in-
terest.>” The DerSimonian and Laird (DSL) method is a conventional
and widely used approach for random-effects meta-analysis.
However, in some circumstances, particularly when the number of
studies is small and there is moderate or substantial between-study
heterogeneity, this method results in increased type I error rates (ie,
false-positive assignment of statistical significance).>® To address
this issue, Hartung, Knapp, Sidik, and Jonkman proposed a modified
method (Hartung-Knapp-Sidik-Jonkman [HKSJ] method) for
calculating the summary association estimates and their 95% CI.
The HKSJ] method usually leads to more conservative results with
wider ClIs. We applied the HKS] method for evaluation of each co-
morbidity/condition related to HidHyCo. As recommended by
several authors, we also conducted a sensitivity analysis using re-
sults from the more conventional meta-analytical approach
(DSL).>? Forest plots were constructed for each comorbidity/con-
dition. We implemented an influence analysis to investigate the
impact of each study-specific association estimate on the pooled
OR. Results were considered statistically significant when the
2-tailed P value was lower than .05. All analyses were performed
with R version 4.0.3 (R Foundation for Statistical Computing).

Results
Study Selection Process

The study selection process is summarized in Figure 1. We
identified 6198 studies from the different searched databases and
excluded 3505 studies for duplication. The remaining 2693 studies
were first screened by reading the title and abstract. All studies
reporting the clinical characteristics (ie, prevalence of T2D chronic
complications and need of insulin treatment) and/or other
comorbidities (ie, hypertension, dyslipidemia, obesity, and cardio-
vascular events) of patients with T2D with HidHyCo compared with
those without HidHyCo were evaluated for inclusion. A total of

Table 1
Summary of the Main Characteristics of the Excluded Studies
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2687 studies were excluded as they were case reports (n = 398),
review articles (n = 69), meta-analysis articles (n = 13), and
editorial or letters (n = 45) or because they were not relevant for
the aims of the present meta-analysis (n = 1529). Among the
remaining 18 studies, 12 were excluded due to insufficient data, as
reported in Table 1.7 The interrate reliability between the 2
authors in selection process was strong (k = 0.88).4°

Study Characteristics

The characteristics of the 6 studies that were used in the meta-
analysis are summarized in Table 2.2 Among the 6 included
studies, data collection was prospective in 4 studies, whereas it was
not reported in 2 studies. The outcomes derivable from these
studies were the prevalence of hypertension, need of insulin
treatment, status of advanced diabetes, and prevalence of dyslipi-
demia. All 6 included studies reported the association between the
prevalence of HidHyCo and hypertension, 3 reported the associa-
tion between the prevalence of HidHyCo and the need of insulin
treatment, 3 reported the association between the prevalence of
HidHyCo and the prevalence of dyslipidemia, and 5 reported the
association between the prevalence of HidHyCo and the prevalence
of advanced T2D. The definition of advanced T2D has been assigned
on the basis of the patients description given in each study: prev-
alence of microvascular and/or macrovascular complications in 2
studies, prevalence of insulin treatment plus hypertension in 2
studies, and prevalence of hypertension treated with 2 or more
drugs in 1 study.?80-33

No study reported the prevalence of obesity among patients
with T2D without HidHyCo; thus, we could not include obesity
among the outcomes. However, 5 of the 6 studies showed that the
mean body mass index of patients with T2D with HidHyCo was not
different compared with that of patients with T2D without Hid-
HyCo (Supplementary Table 1).2®=! The geographic areas of the
included studies were Europe (n = 3), Middle East Asia (n = 1), and
South America (n = 2). The quality of included studies varied
(Newcastle-Ottawa Scale between 6 and 8). The measured out-
comes, sample sizes, and number of cases meeting outcomes in
patients with HidHyCo and in controls, evaluated in the 6 included
studies, are listed in Table 3.

Author Country Sample (N) Reasons for exclusion
Catargi et al, 2003%° France 200 No data on comorbidities in patients
with T2D with and without HidHyCo
Reimondo et al, 2007%! Italy 100 Only 1 patient with confirmed
HidHyCo; no data on comorbidities in
patients with T2D without HidHyCo
Budyal et al, 2015'® India 993 No confirmed HidHyCo cases
Contreras et al, 2000'” Argentina 48 Only 1 patient with confirmed
HidHyCo; no data on comorbidities in
patients with T2D without HidHyCo
Gagliardi et al, 2010%° Australia 106 No confirmed HidHyCo cases
Mert et al, 201227 Turkey 148 No data on comorbidities in patients
with T2D with and without HidHyCo
Leibowitz et al, 1996'¢ Israel 63 No data on comorbidities in patients
with T2D with and without HidHyCo
Mullan et al, 2010%° United Kingdom 201 No confirmed HidHyCo cases
Murakami et al, 2010%* Japan 920 No data on comorbidities in patients
with T2D with and without HidHyCo
Newsome et al, 200772 Australia 171 No confirmed HidHyCo cases
Taniguchi et al, 2008%* Japan 77 Only 2 patients with confirmed
HidHyCo; no data on comorbidities in
patients with T2D without HidHyCo
Liu H et al, 2005 United States 154 No confirmed HidHyCo cases

Abbreviations: T2D = type 2 diabetes; HidHyCo = hidden hypercortisolism.
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Table 2

Summary of Characteristics and Quality Evaluation by the Newcastle-Ottawa Scale Scores of the Studies Included in the Meta-Analysis
Author Country Period Study design Sample size (N) Age (years) Males (%) Ethnicity NOS

score (0-9)

Outcome: hypertension
Chiodini et al*® Italy January 2003 to December 2004 Prospective 289 60.0 49 Caucasian 8
Terzolo et al*° Italy June 2006 to April 2008 Prospective 813 58.9 53 Caucasian 7
Caetano et al*® Brazil NA NA 99 56.4 32 Black 6
Costa et al’' Brazil May 2013 to August 2014 Prospective 298 58.4 36 Black 7
Cansu et al*? Turkey NA NA 400 56.0 48 NA 6
Steffensen et al** Denmark NA Prospective 384 60.0 60 Caucasian 7
Outcome: insulin treatment
Chiodini et al*® Italy January 2003 to December 2004 Prospective 289 60.0 49 Caucasian 8
Terzolo et al*° Italy June 2006 to April 2008 Prospective 813 58.9 53 Caucasian 7
Costa et al’' Brazil May 2013 to August 2015 Prospective 298 58.4 36 Black 7
Outcome: dyslipidemia
Chiodini et al*® Italy January 2003 to December 2004 Prospective 289 60.0 49 Caucasian 8
Costa et al’*! Brazil May 2013 to August 2016 Prospective 298 58.4 36 Black 7
Cansu et al*? Turkey - NA 400 56.0 48 NA 6
Outcome: advanced T2D
Chiodini et al*® Italy January 2003 to December 2004 Prospective 289 60.0 52 Caucasian 8
Terzolo et al*° Italy June 2006 to April 2008 Prospective 813 58.9 61 Caucasian 7
Costa et al’*' Brazil May 2013 to August 2016 Prospective 298 58.4 71 Black 7
Cansu et al*? Turkey NA NA 400 56 62 NA 6
Steffensen et al** Denmark NA Prospective 384 58.7 61 Caucasian 7

Abbreviations: NA = not available; NOS = Newcastle-Ottawa Scale; T2D = type 2 diabetes.
The outcomes are the variables possibly associated with the presence of hidden hypercortisolism (HidHyCo) in studies specifically designed to assess the HidHyCo prevalence
in patients with type 2 diabetes (T2D). Advanced T2D: presence of microvascular and/or macrovascular complications or presence of insulin treatment plus hypertension or

presence of hypertension treated with 2 or more drugs.?$*%->

As expected, the overall HidHyCo prevalence in patients with
T2D reduced as the specificity of the criteria used for HidHyCo
screening increased. Indeed, as shown in Supplementary Table 2,
the studies by Terzolo et al’’ and Costa et al’' that used more
specific—and therefore less sensitive—criteria had the lowest
HidHyCo prevalence (0.7% and 1.3%, respectively); the studies by
Steffensen et al*> and Caetano et al*’ that used criteria with an
intermediate specificity found prevalence rates of HidHyCo of 5.2%
and 8.1%, respectively; and the studies by Chiodini et al’*® and Costa
et al®' that used less specific criteria found prevalence rates of
HidHyCo of 10.4% and 11.1%, respectively.

At variance, the T2D duration was not reported to be different in
patients with T2D with HidHyCo compared with patients with T2D
without HidHyCo in any of the included study (Supplementary
Table 2).

Association Between the HidHyCo Prevalence and the Reported
Outcomes

The forest plot illustrating the association between the preva-
lence of hypertension and HidHyCo in patients with T2D is shown

Table 3
Number of Included Studies and Sample Size Considered for Each Specific Outcome

in Figure 2, and the results are summarized in Table 4.2830-32 All 6
included studies (total of 2283 patients) reported the prevalence of
hypertension in patients with T2D; this prevalence was higher in
patients with HidHyCo (86.3%) than in patients without HidHyCo
(69.8%). The prevalence of hypertension was significantly associ-
ated with HidHyCo using the DSL method (OR, 1.92; 95% CI, 1.05-
3.50; P =.034) but not when the HKS] method was used (OR, 2.13;
95% Cl, 0.81-5.65; P =.100).

The forest plot illustrating the association between the preva-
lence of insulin treatment and HidHyCo in patients with T2D is
shown in Figure 2, and the results are summarized in Table 4.28:30-32
Three studies (total of 1400 patients) reported the prevalence of
insulin treatment in patients with T2D; this prevalence was higher
in patients with HidHyCo (53.6%) than in patients without HidHyCo
(25.8%). The prevalence of insulin treatment was significantly
associated with HidHyCo using the DSL method (OR, 2.29; 95% (I,
1.07-4.91; P =.034) but not when the HKS] method was used (OR,
2.50; 95% CI, 0.30-21.01; P =.205).

The forest plot illustrating the association between the preva-
lence of dyslipidemia and HidHyCo in patients with T2D is shown in
Figure 2, and the results are summarized in Table 4.253%32 Three

Outcome Included Total HidHyCo HidHyCo cases meeting Controls meeting the
studies, n subjects, n cases, n the outcome, n (%)? outcome, n (%)°

Hypertension 6 2283 102 88 (86.3) 1550 (69.8)

Insulin treatment 3 1400 69 37 (53.6) 343 (25.8)

Dyslipidemia 3 987 68 46 (67.6) 581 (63.2)

Advanced T2D¢ 5 2184 94 46 (48.9) 655 (31.5)

Abbreviations: HidHyCo = hidden hypercortisolism; T2D = type 2 diabetes.

The outcomes are the variables possibly associated with the presence of HidHyCo in studies specifically designed to assess the HidHyCo prevalence in patients with T2D. Cases:
patients with T2D with HidHyCo. Cases meeting the outcome: patients with HidHyCo with hypertension or insulin treatment or severe T2D or dyslipidemia. Controls: patients
with T2D without HidHyCo. Controls meeting the outcome: patients with T2D without HidHyCo and with hypertension or insulin treatment or severe T2D or dyslipidemia.

2 The percentage is referred to the total number of HidHyCo cases.
b The percentage is referred to the total number of controls.

¢ Advanced T2D: presence of microvascular and/or macrovascular complications or presence of insulin treatment plus hypertension or presence of hypertension treated

with 2 or more drugs.?830-3?
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Odds Ratio Odds Ratio

Study 95% Cl Weight 95% Cl
Chiodini et al,, 2005 S —— 298% 165[0.71; 3.84)
Caetano et al,, 2007 —— 171% 0.74[0.14; 3.97]
Terzolo et al., 2012 S s 126% 1.98[0.23; 17.05)
Costa et al., 2016 i 19.8% 292[0.67; 12.66)
Cansu et al,, 2017 —r 122% 225([0.25; 20.28)
Steffensen et al,, 2019 e 85% 23.12[1.39; 385.45]
Total (95% CI) — "'."" : . 100.0% 2.14[0.81; 5.64]

001 01 0512 10 100
Heterogeneity: Tau® = 0.5564; I* = 45%

Insulin treatment 0Odds Ratio Odds Ratio
Study 95% CI Weight 95% ClI
Chiodini et al., 2005 H- 392% 2.12[0.99; 4.54]
Terzolo etal., 2012 —— 20.8% 9.45[1.71;52.08)
Costa etal, 2016 =+ 400% 1.47[0.71; 3.05]
Total (95% Cl) , -qu-l-—'— : 100.0% 2.50 [0.30; 21.02]

001 01 0512 10 100
Heterogeneity: Tau® = 0.5328; IF =70%

Dysiipidemia Odds Ratio Odds Ratio
Study 95% ClI Weight 95% ClI
Chiodini et al., 2005 - 506% 1.49[0.70; 3.18)
Costa et al., 2016 —- 389% 0.68[0.26; 1.78)
Cansuetal, 2017 —f—— 105% 2.40([0.27; 21.65)
Total (95% Cl) : , -l-lg:-— : | 100.0% 1.16 [0.30; 4.43]

001 01 0512 10 100
Heterogeneity: Tau® = 0.1397; F = 31%

Advanced 72D Odds Ratio Odds Ratio
Study 95% Cl Weight 95% Cl
Chiodini et al., 2005 —— 251% 3.80[1.41;10.26]
Terzolo et al.,, 2012 T 99% 298[0.54;16.37)
Costa et al, 2016 - 388% 2.41[1.15; 5.05)
Cansuetal, 2017 T—— 89% 5.31[0.87;32.29]
Steffensen et al.,, 2019 I 17.3% 7.48[2.15;25.99]
Total (95% Cl) : - .‘ : l 100.0% 3.60 [2.03; 6.41]

001 01 0512 10 100

Heterogeneity: Tau® = 0.0674; ¥ = 16%

Fig. 2. Forest plots illustrating the association between the prevalence of advanced T2D or the need of insulin treatment or the presence of hypertension or of dyslipidemia and
hidden hypercortisolism in patients with T2D. Advanced T2D: presence of microvascular and/or macrovascular complications or presence of insulin treatment plus hypertension or
presence of hypertension treated with 2 or more drugs.?>%=? The Hartung, Knapp, Sidik, and Jonkman method for calculating the summary association estimates and their 95% Cls
has been used. T2D = type 2 diabetes.

with HidHyCo using either the DSL (OR, 1.16; 95% CI, 0.65-2.07;

P =.510) or HKSJ (OR, 1.16; 95% CI, 0.30-4.43; P = .686) method.
The forest plot illustrating the association between the preva-

lence of advanced T2D and HidHyCo in patients with T2D is shown

studies (total of 987 patients) reported the prevalence of dyslipi-
demia in patients with T2D; this prevalence was higher in patients
with HidHyCo (67.6%) than in patients without HidHyCo (63.2%).
The prevalence of dyslipidemia was not significantly associated
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0Odds Ratios and 95% Confidence Intervals for the Associations Between HidHyCo and the Presence of Hypertension, Insulin Treatment, Advanced Type 2 Diabetes, and
Dyslipidemia in Studies Assessing the HidHyCo Prevalence in Patients With Type 2 Diabetes

Method: Hartung-Knapp-Sidik-Jonkman

Potential predictors of HidHyCo OR 95% CI P value I? Studies (n)
AH 213 0.81-5.65 .100 45% 6

Insulin treatment 2.50 0.30-21.01 205 70% 3
Advanced T2D* 3.60 2.03-6.41 .004 16% 5

DL 1.16 0.30-4.43 .686 31% 3

Method: DerSimonian and Laird

AH 1.92 1.05-3.50 .034 0% 6

Insulin treatment 2.29 1.07-4.91 .034 48% 3
Advanced T2D* 3.47 2.12-5.67 <.0001 0% 5

DL 1.16 0.65-2.07 510 1% 3

Abbreviations: AH = hypertension; DL = dyslipidemia; HidHyCo = hidden hypercortisolism; I> = grade of heterogeneity; OR = odds ratio; T2D = type 2 diabetes.
2 Advanced T2D: presence of microvascular and/or macrovascular complications or presence of insulin treatment plus hypertension or presence of hypertension treated

with 2 or more drugs.?*>%-32

in Figure 2, and the results are summarized in Table 4.2839-32 Five
studies (total of 2184 patients) reported the prevalence of advanced
T2D in patients with T2D; this prevalence was higher in patients
with HidHyCo (48.9%) than in patients without HidHyCo
(31.5%).The prevalence of advanced T2D was significantly associ-
ated with HidHyCo using both the DSL (OR, 3.4; 95% (I, 2.12-5.67,;
P <.0001) and HKS]J (OR, 3.60; 95% CI, 2.03-6.41; P =.004) methods.
These results did not substantially change even considering the
association between the presence of HidHyCo and that of advanced
T2D as defined by the presence of hypertension treated with 2 or
more drugs and/or insulin treatment or as the presence of T2D
complications, even though for this latter association, the statistical
significance was not reached due to the large studies’ heterogeneity

(Supplementary Fig. 1).2830-3 Finally, the influence analysis did not
show a relevant impact of the single study-specific association es-
timate on pooled ORs between the presence of HidHyCo and either
advanced T2D or hypertension (Fig. 3).

Discussion

The present study attempted to use data available in current
literature to identify the clinical characteristics of patients with T2D
that are associated with an increased prevalence of HidHyCo. We
performed a meta-analysis of studies designed to assess HidHyCo
prevalence in T2D patient populations in an attempt to define
distinguishing clinical characteristics of patients with T2D with

Hypertension
Study Odds Ratio OR 95%-ClI
Omitting Chiodini et al., 2005 = 242 [0.60;9.70]
Omitting Caetano et al., 2007 T 2.60 [0.93; 7.26)
Omitting Terzolo et al., 2012 - 222 [0.61;8.10]
Omitting Costa et al., 2016 x 203 [0.54;7.67]
Omitting Cansu et al., 2017 —_ 218 [0.60; 7.95]
Omitting Steffensen et al., 2019 —-0—— 1.7 [0.96; 3.02]
Total (95% Cl) | : -<-'=l;*—=-l- 214 [0.81; 5.64]
02775055 1 2 5
Advanced T2D
Study Odds Ratio OR 95%-Cl
Omitting Chiodini et al., 2005 —-*-— 3.60 [1.62;7.52]
Omitting Terzolo et al., 2012 — 3.72 [1.49;8.70]
Omitting Costa et al., 2016 — 464 [2.49;8.62]
Omitting Cansu et al., 2017 — 3.49 [1.86; 4.96]
Omitting Steffensen et al., 2019 —&— 3.04 [1.68; 8.24]
Total (95% Cl) l | I-:L'TT— 3.60 [2.03; 6.41]
02: 05" 4 2 5

Fig. 3. Influence analysis on the impact of study-specific association estimate on pooled ORs. OR = odds ratio.
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HidHyCo compared with those without HidHyCo. The prevalence of
advanced T2D was significantly associated with increased odds of
HidHyCo in patients with T2D using 2 different analytical methods.
The prevalence of hypertension and that of requirement for insulin
treatment were significantly associated with increased odds of
HidHyCo in patients with T2D using 1 of the 2 analytical methods
employed (DSL). In contrast, the prevalence of dyslipidemia, vari-
ously defined, was not significantly associated with increased odds
of HidHyCo using either method.

In the present meta-analysis, all studies reporting the clinical
characteristics (ie, prevalence of T2D chronic complications and
need of insulin treatment) and/or other comorbidities (ie, hyper-
tension, dyslipidemia, obesity, and cardiovascular events) of pa-
tients with T2D with HidHyCo compared with those without
HidHyCo were potentially eligible for inclusion. However, the
available studies provided data on the association between the
prevalence of HidHyCo and only hypertension, advanced T2D, need
of insulin treatment, and dyslipidemia. Quite surprisingly, no study
reported the prevalence of obesity among patients with T2D
without HidHyCo; thus, we could not include obesity among the
outcomes. However, 5 of the 6 studies showed that the mean body
mass index of patients with T2D with HidHyCo was not different
compared with that of patients with T2D without HidHyCo
(Supplementary Table 1).25-133 Thus, to date, we have no data to
consider obesity as an additional risk factor for patients with T2D to
have HidHyCo. This is in contrast with the recent finding that
obesity was found to be among the comorbidities independently
predictive of hypercortisolism in a cohort of patients referred for a
clinical suspicion of cortisol excess.*! Therefore, we are aware that
the available data may not even be enough to accurately categorize
the presence or absence of HidHyCo and that other important
clinical characteristics of patients with T2D need to be considered,
such as morbid obesity, obstructive sleep apnea, and responsive-
ness of blood pressure and glycemic control to the medical ther-
apy.! Unfortunately, the current literature limited the ability of this
meta-analysis to include other comorbidities besides the ones
evaluated in the present study.

Indeed, although several studies have tried to assess the prev-
alence of HidHyCo in patients with T2D, we found only 6 studies
that reported distinguishing clinical characteristics of patients with
T2D with HidHyCo compared with those without HidHyCo.!5->
Indeed, most studies did not find a meaningful number of pa-
tients with HidHyCo and/or did not describe the relevant clinical
characteristics in patients with HidHyCo compared with controls
without HidHyCo.'®*” By pooling data from the 6 available relevant
studies and by using 2 different meta-analytical techniques, the
results of the present study indicate that patients with T2D with
hypertension (in particular if treated with at least 2 drugs) and
requiring insulin therapy and, possibly, patients with T2D with
microvascular and/or macrovascular complications should be
considered for HidHyCo screening. The prevalence of hypertension
and that of requirement for insulin treatment were statistically
significantly associated with the prevalence of HidHyCo in our
study using the DSL method but not using the HKSJ method. This
lack of statistical significance using the HKS] method needs to be
re-evaluated in a larger number of studies and may be the result of
limited sample size. In addition, assessing the presence or absence
of other very important comorbidities in patients with T2D with
and without HidHyCo, such as morbid obesity, obstructive sleep
apnea, and osteoporosis, would have been valuable clinical in-
dicators to have considered, as well as the level of glycemic control
and of blood pressure control.

At the present time, the diagnosis of HidHyCo has garnered
increased interest and been found to be of great importance
because this form of hypercortisolism is a potentially treatable
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condition, being commonly due to the presence of a cortisol-
secreting adrenal adenoma, and adrenalectomy seems to be of
benefit in patients with unilateral adrenal adenoma and hyper-
tension, diabetes, and fracture risk.>**> Moreover, novel drugs are
expanding treatment options for patients who may not be
amenable to surgical management (poor surgical candidates or
contraindications to surgery) or patients with bilateral adrenal
adenomas or hyperplasia.*> Untreated HidHyCo can expose pa-
tients to an increased mortality risk due to cardiovascular events,
which are partially independent of the level of control of their
diabetes and hypertension.***® Importantly, at variance with
clinically overt Cushing syndrome, which is considered a rare dis-
ease, the HidHyCo has no negligible prevalence, being estimated to
be present in 0.8% to 2% of the adult population."? In particular in
T2D, the prevalence of hypercortisolism has been estimated to be as
low as 2% to 3% and as high as 60%, depending on the severity of
T2D, insulin requirement, and comorbidity burden, in patients with
severe insulin resistance.**’ In addition, a recent meta-analysis
suggests that among patients with T2D, the prevalence of a
confirmed HidHyCo is estimated to be approximately 3.6%.” How-
ever, the biochemical definition of HidHyCo is not unanimous in the
literature, which may lead to different outcomes. Indeed, as shown
in Supplementary Table 2, the studies using more specific—and
therefore less sensitive—criteria had the lowest HidHyCo preva-
lence.>®*? Unfortunately, the limited number of the available
studies does not allow an evaluation of the possible influence of the
biochemical HidHyCo definition on the phenotypical characteris-
tics. At this regard, we are aware, for example, that a 1mg-DST
cutoff of >5 pg/dL, which is associated with a low HidHyCo prev-
alence, may yield a different phenotype compared with much
lower 1mg-DST cutoffs.>® However, the influence analysis did not
show a relevant impact of the study-specific association estimate
on pooled ORs (Fig. 3). It is worth noting that using such a high cut
point would result in all the patients with 1mg-DST between 1.8
and 5 pg/dL being missed and, thus, not suspected to have the
presence of HidHyCo. We, therefore, hypothesize that using a
highly specific screening test for HidHyCo mainly reduces the
number of the HidHyCo diagnoses.

Therefore, given the high diabetes prevalence in the general
population, recognizing and treating patients with T2D with Hid-
HyCo could have important clinical consequences for many pa-
tients, particularly those with poor glycemic control and multiple
T2D-related comorbidities. Unfortunately, the screening for hyper-
cortisolism in the population at risk (ie, patients with unexplainable
osteoporosis and/or fragility fracture, refractory hypertension, or
rapid weight gain or patients with T2D requiring high insulin doses)
is often difficult and may lead to many false-positive results, in
particular when patients with low pretest probability of having the
disease are screened.>®*® This is of utmost importance in patients
with T2D, in whom an activated hypothalamic-pituitary-adrenal
axis has been described, which may render the diagnosis of
autonomous cortisol secretion even more difficult.*®*° To date, the
best screening test for diagnosing HidHyCo is still a matter of
debate, and therefore, no widely accepted indications are available
for which patients with T2D should be screened for HidHyCo and
with what test. #!348 While awaiting larger studies to fill the current
lack of indications on this matter, the present meta-analysis may
provide some useful guidance for clinicians regarding when to
consider the possibility of HidHyCo in patients with T2D and, thus,
when it may be more appropriate to screen such patients.

This study has significant limitations. First, statistical power is
limited by the small number of relevant studies available for
analysis and characterized by moderate or high between-study
heterogeneity. Second, the condition of advanced T2D was not
consistently defined among the different studies analyzed. Indeed,
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the definition of advanced T2D was variably assigned on the basis of
the presence of microvascular and/or macrovascular complications
or the presence of insulin treatment plus hypertension or the
presence of hypertension treated with 2 or more drugs.?®>!-33
Moreover, in no study, the number of patients simultaneously
affected with both hypertension and T2D among HidHyCo and non-
HidHyCo subjects has been reported. Thus, no information is
available on the independent effect of concomitant T2D and hy-
pertension on the risk of HidHyCo. However, it is important to note
that the results did not substantially change even considering the
association between HidHyCo and the presence of T2D complica-
tions separately from the association between HidHyCo and the
presence of hypertension treated with 2 or more drugs and/or in-
sulin treatment.”3>%-3% Therefore, these data suggest that the more
severe the T2D condition (whatever the definition), the more likely
is the possibility of HidHyCo. We appreciate, however, that the
result of this meta-analysis is difficult to translate into an expedient
change in clinical practice. Third, the possibility that a different T2D
duration could be associated with the HidHyCo remains to be
investigated. Fourth, in addition to the presence of hypertension,
need for insulin treatment, dyslipidemia, and severe T2D, many
other outcomes undoubtedly influence the prevalence of HidHyCo
among T2D patient populations. These may include morbid obesity,
obstructive sleep apnea, osteoporosis, severity of diabetes, severity
of hypertension, inadequate response to conventional treatments,
rapidly worsening disease, and occurrence of cardiovascular events
or diabetes-related complications even in the absence of long-
standing disease. Unfortunately, the available literature did not
consistently record and provide such information; thus, these
variables and patient characteristics could not be included in our
meta-analysis. Finally, we were unable to adjust all our association
estimates for possible confounding factors such as age, gender,
ethnicity, and presence of obesity.

Nonetheless, despite these limitations, the present data appear
to deserve interest because they identify the importance of
considering the possibility of HidHyCo in patients with insulin-
treated T2D with severe hypertension and diabetes-related com-
plications. Larger and better-designed studies are needed to further
delineate the most important features of patients with T2D at risk
of HidHyCo to better target the screening strategy.
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