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Abstract The purpose of this study was to systematically
review the literature for studies that have investigated
possible differences in the prevalence of subclinical
Cushing’s syndrome (SCS) and related clinical implica-
tions between patients with unilateral (UAI) and bilateral
adrenal incidentalomas (BAI) and to meta-analyze the best
evidence available. Electronic databases PubMed and
EMBASE were systematically searched. Main study out-
come was the prevalence of SCS in patients with UAI and
BAI Secondary outcomes were the prevalence of obesity,
diabetes, glucose intolerance, hypertension, dyslipidemia,
and osteoporosis in patients with UAI and BAI. Risk dif-
ferences (RD) or mean differences (MD) and 95 % confi-
dence intervals (ClIs) were calculated. Meta-analysis was
conducted using Review Manager (RevMan 5.3). Six
studies were included in the meta-analysis involving in
total 1239 patients, 968 with UAI, and 271 with BAL
Patients with UAI had lower prevalence of SCS compared
with those with BAI [RD (95 % CI) —0.13 (—-0.22 to
—0.05), P =42 %]. The mass diameter of UAI did not
differ from BAI (the size of the largest lesion) [MD (95 %
CI) —0.45 (—1.09 to 0.19), P =091 %]. The prevalence of
obesity [MD (95 % CI) 0.42 (—0.53 to 1.37), I* = 4 %],
diabetes [RD (95 % CI) —0.04 (—0.11 to 0.04), I* = 0 %],
hypertension [RD (95 % CI) 0.00 (—0.18 to 0.18),
P =75 %], and dyslipidemia [RD (95 % CI) —0.02
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(—=0.16 to 0.13), I’ = 50 %] did not differ between UAI
and BAI The present meta-analysis provided evidence that
patients with BAI present a higher prevalence of SCS
compared to patients with UAIL
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Introduction

The term “adrenal incidentalomas” (AI) refers to clinically
silent adrenal masses, which are detected incidentally
during imaging procedures performed for unrelated dis-
eases [1]. The prevalence of Al varies between 0.4 and
5.0 % in clinical series [2-5], depending on patient inclu-
sion criteria, and is steadily increasing because of better
availability and accessibility to imaging evaluation [1, 2].

The majority of Al are benign and non-functional.
However, there is a percentage of hormonally active Al
The most frequent endocrine dysfunction detected in such
subjects is autonomous cortisol subtle hypersecretion, not
associated with typical signs and symptoms of hypercor-
tisolism. This disorder is also known as subclinical Cush-
ing’s syndrome (SCS) [6]. The reported prevalence for
SCS in patients with Al varies between 5 and 24 % in most
studies and depends on the applied diagnostic biochemical
criteria [7-10].

In patients with Al, an increased prevalence of several
metabolic problems has been described including glucose
intolerance, diabetes, hypertension, dyslipidemia, and
osteoporosis. These clinical implications have been
described in patients both with non-secreting Al and SCS
[1, 5-11]. However, a higher percentage has been reported
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for patients with SCS, and this could be potentially asso-
ciated with chronic exposure to slight cortisol excess [6-38,
11, 12].

Al are most commonly unilateral (UAI). Nevertheless,
bilateral AT (BAI) are reported in a substantial proportion
of such patients, between 7.8 and 15 % [4-9, 11, 12]. BAI
commonly appear in the form of single discrete bilateral
lesions, while a minority presents as bilateral macronodular
or micronodular enlargement or diffuse adrenal hyperpla-
sia. BAI are most frequently benign and non-functional as
well. There are few data, which suggest possible patho-
physiologic differences between UAI and BAI [13, 14].
Recently, a small number of studies have attempted to
assess the possibility of a different prevalence in SCS and
adverse metabolic implications between patients with UAI
and BAI The existing data are limited and the results
controversial, as three of them have detected differences,
while the rest have not [15-19].

The aim of the present study was to systematically
review the literature for studies that have investigated
possible differences in prevalence of SCS and related
clinical implications between patients with UAI and BAI
and to meta-analyze the best evidence available.

Materials and methods
Search strategy

In order to identify eligible studies, the main search was
conducted in two electronic databases, namely PubMed
and EMBASE. We used combinations of the key-terms:
“adrenal incidentalomas” OR “unilateral adrenal inciden-
talomas” OR “bilateral adrenal incidentalomas” AND
“subclinical hypercortisolism” OR “subclinical hypercor-
tisolemia” OR “subclinical Cushing’s syndrome” AND
“diabetes” OR “glucose intolerance” OR “hypertension”
OR “dyslipidemia” OR “osteoporosis.” The procedure
was concluded by (i) the perusal of the reference sections
of all relevant studies and (ii) a manual search of key
journals and abstracts from the major annual meetings in
the field of endocrinology. The main search was completed
independently by three investigators (SAP, EK, FD). Any
discrepancy was solved by consultation of an investigator,
not involved in the initial procedure (DGG).

Selection of studies

Criteria for inclusion/exclusion of studies were established
prior to the literature search. Eligible for the systematic
review and meta-analysis were only studies that have
assessed the possibility of a different prevalence in SCS
and/or in clinical disorders between patients with UAI and
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BAI Reviews, letters to the editor, and studies published in
language other than English were excluded from the sys-
tematic review and meta-analysis.

Data extraction

Information from each study was extracted independently
by two reviewers using a standardized data extraction form.
Main study outcome was the prevalence of SCS in patients
with UAI and BAI. Secondary outcomes were the preva-
lence of obesity, diabetes, glucose intolerance, hyperten-
sion, dyslipidemia, and osteoporosis in patients with UAI
and BAIL Study general characteristics (author, year of
publication, journal, country, design, type of hospital,
number of patients), clinical characteristics of the patients
[gender, age, body mass index (BMI), mass size of the
adrenal incidentalomas], biochemical characteristics of the
patients [post-dexamethasone suppression test (DST) cor-
tisol, midnight cortisol, dehydroepiandrosterone sulfate
(DHEA-S), urinary free cortisol (UFC), adrenocorti-
cotropic hormone (ACTH) etc.], and main and secondary
study outcomes were recorded (where available) and dou-
ble-checked. Where appropriate, the dataset was completed
through communication with the authors. Specifically, an
e-mail was sent, and when no answer was received, a
second one followed after a 2-week interval. Disagreement
was resolved by consensus.

Risk of bias and study quality

In order to assess the quality of the included studies, the
RTI Item Bank Tool for observational studies was used
[20]. The assessment was performed independently by two
investigators (SAP, DGG). All studies were examined with
the appropriate tool questions in order to detect different
types of bias, namely selection, performance, detection,
attrition, and reporting bias.

Statistical analysis

Risk differences (RD) or mean differences (MD) and 95 %
confidence intervals (CIs) were calculated for main out-
come and secondary study outcomes for all eligible studies
for the meta-analyses [21]. Qualitative descriptors of the
effect sizes obtained were less than 0.3, small; 0.4-0.8,
moderate; and greater than 0.8, large. Heterogeneity
between the results of different studies was examined by I*
test [22]. Meta-analysis was conducted using Review
Manager (RevMan) for Mac (version 5.3. Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration,
2014). Meta-regression was conducted using STATA/IC
13.0 for Mac (StataCorp LP, Texas, USA). The report of
the study was complemented in adherence with the
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Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) group standards for reporting
meta-analysis of observational studies [23].

Results
Systematic review

The literature search yielded 54 publications in total. After
application of the inclusion/exclusion criteria, six studies
were included in the systematic review. Forty of the studies
were excluded already as abstracts due to irrelevant con-
tent, while other eight were assessed as full-text articles,
but they did not finally provide any information about the
prevalence of SCS and/or clinical implications between
patients with UAI and BAI. A flow chart of this process is
presented in Fig. 1. The main characteristics of the studies
are presented in Table 1. The clinical characteristics of
patients with UAI and BAI are presented in Table 2. The
biochemical characteristics of these patients are presented

in Table 3. The criteria used for the diagnosis of SCS and
the prevalence of SCS in patients with UAI and BAI are
presented in Table 4. The clinical implications in these
patients are presented in Table 5.

The six eligible studies included in the systematic
review were published between 2011 and 2014. They
involved in total 1239 patients. Of these patients, 968
(78.1 %) presented with UAI, while the rest 271 (21.9 %)
presented with BAI. Three of the studies originated from
Greece [15, 16, 19], one from Sweden [17], one from Italy
[18], and one from Turkey [24] (Table 1).

The criteria used for the diagnosis of SCS varied in the
studies included. They were mostly based on post-DST
high morning cortisol concentrations combined with at
least one abnormal result of other hormonal measurements,
such as high midnight cortisol, low morning ACTH, low-
for-age DHEA-S, and high 24-h urinary free cortisol
(UFC). In the study by Androulakis et al., only the post-
LDDST high morning cortisol concentrations was used as
criterion, but the cut-off was based on the values calculated
from a control population [16]. In three of the studies, 1 mg

Fig. 1 PRISMA flow diagram, =
detailing selection of studies for S Records identified Additional records identified
inclusion 5 through database searching through other sources
= (n=53) n=6)
=
=
—
y A 4
Records after duplicates removed
(n=54)
o
g
&
- A 4
%
. Records screened - Records excluded
n=54) g (n=40)
~—
A 4
:: Full-text articles assessed Full-text articles excluded,
= for eligibility > with reasons
220 (n=14) n=298)
=
| —
Y
Studies included
in qualitative synthesis
@=6)
E
E Y
<
= Studies included
in quantitative synthesis
(meta-analysis)
@=6)
~—

@ Springer



Endocrine (2016) 51:225-235

228

SUOISO] [BUQIPE JO SIOJOWEIP 1S9SIB] Y} JO WNS dY) [y 9ZIS SSeIN ,

a3uer onrenb-10)ur Yy ‘xepur ssew Apoq ‘TG

100°0> Tl F8¢ 'l F¢¢ 'S F §°6C 0L F S0¢€ L0l F 809 81T FS6S (9SLAYD T€/01  (S69/S°LT) 16/9€ IpeI[ISSeA Ioc 9
'l FvC 391
S00< T F 9Ty €1 F6TC 60 F L'8C Tl F6'8C 81T F I'vS 6T FS€S (769/9°06) STIT  (L'TL/E'8D) 18/T€  SPlRMOIPUY Ioc s
ezt
100°0> ‘TreWs YO §'T ‘rews
0€-8'1
€p1°0 :931T  WOD 'z 93T (€61 YOD ¢ v/u v (2L-8S ¥OD L9 (1785 ¥OD ¥9  (0°09/0°0%) 9T/L1  (0°LS/0°ER) SO1/08 uss|o T v
1000 ST FTY 'l + 67 6v F €LC TS F L8T 68 FT¥9 TITF€€9  (TeU89E) ¥T/phT  (€99/L°€E) 911/6S IS0 €loc €
99C°0 0T F+97C 'l F¥7¢ ¥'SF 60¢€ L'SF00¢ 011 F 0'6S YT F 09  (€0L/L°67) TS/TT  (T69/8°0€) SS1/69 NOJB[ISSEA yi0c ¢
B/U B/U B/U B/U B/U B/U e/U /U '/U hElic) | S10C T
(ongeA )
[eIa7R[ITUN
‘SA [BIIE[Iq [exd1e]Iq [eId1e[IUN [e1d1e]Iq [eId1eTIUN [e1d1R]Iq [eIdle[IUN (%) U ‘[RIdIR[Iq (%) U ‘TRISJR[IUN uoneorqnd
z1s sSe]N  (wd) 9zIs SseJy| (WD) 9ZIS SSBIA ANE\MV_V INg ANE\MV_V INg (s1eak) a3y (s1eak) a3y (4/IN) Iepuan (4/IN) Iopudn) 1oyine IS Joredx {1
SBWO[BIUSPIOUL [BUIPE [BIAJB[I PUB [eIdR[IUN M suaned Jo sonsLIaloeIeyd [BoIUl]) T d[qeL
(1=mu [PUOTJBAISSQO
B/u (8°€0) TLI/Y (T9L) TL1/1ET CLL [evdsoy [e1ouen ‘oanoedsoney  eo001n  ASojounoopuy [edIur[) IPeIISSEA 11oc 9
(1=u) [BUOIBAISSQO
68 (I'v0) 6v1/9¢ (8SL) 6v1/€T1 (14! [eridsoy [eroudn ‘oAndadsonay 222219  ASO[OULIDOPUF [EJMUI[D)  SIR[NOIpUY [10C 'S
(6 =u) [BUONIBAISSQO
e/u (0'61) 8cT/EY (0'18) 87T/S81 8¢CC sendsoy [euoisoy 9A102ds01]  UdpamS QuLopuy Uss|O cloc v
(Z = u) suad [PUOTIBAISSQO A3ojouroopuyg
B/u (8°L1) €1T/8€ (T'T8) €1T/SLT X4 QULIDOPUS [BLIOfoY ‘oanoedsorq Arear Jo Teumnor ueadomy IS0 €10 ¢
(T=u [BUOTIBAIISQO K3ojouroopuyg
e/u (8'10) 86T/L (TsL) s6T/vee 86¢ seidsoy [erouan ‘oAnadsory 909010 Jo [eumor ueadomyg  noje[issep ¥10¢ ¢
(1 =u) [BUOIIBAISSQO
09 (L'12) 6L1/6€ (T'8L) 6L1/071 6L1 [endsoy Aysioarun ‘oAndadsonay  Aaying, QuLopuy TPus A S1oc 'L
(%) u ‘sewrofeIuAPIOUT (%) U ‘SEUWIOTRIUIPIOUT uonedrqnd
sjonuo)) [exorerig [e1oje[IUn  SIUANR] sreyrdsoy Apms jo odA], Anuno) [ewInof  Ioyne ISILy Joreax (I

sonsLaoeIeyd Apnis Uty | d[qel

pringer

A's



Endocrine (2016) 51:225-235 229

~ o o DST was performed [17, 18, 24], while in the rest three
g - s j - j studies LDDST was used as diagnostic tool [15, 16, 19]
o= j g j 0 (Table 4).
% SElSgE 2=z Regarding the prevalence of SCS, the results are con-
N m_ troversial. Three studies detected significantly higher
> = § 3 g = prevalence of SCS in patients with BAI [15, 17, 19], while
S g H ﬁ H ﬁ there was no significant difference between patients with
% ; E & ; g < % éf' BAI and UAI in the rest three studies [16, 18, 24]
(Table 4). The mass size between UAI and BAI (the size of
» § 2 | the largest lesion) did not differ in three studies [16, 17,
él = E H H : _é 19], \'Nhile' it was signiﬁcant‘ly.larger fpr BAI in the study by
E Eo%’ g § g g % % S Vassiliadi et al. [15]. Statistically significant larger mass
8 size in BAI was reported in the study by Morelli et al., but
_ pd = < ; here the sum of the largest diameters of adrenal lesions was
2 ~ E j H s % calculated [18] (Table 2).
g E‘)é s m s s E i 8 The frequency of obesity did not differ between patients
R=s| ==& 8 =35I8 with BAI and UALI in the studies reported information for
_ 3 o ? Seld BMI (Table 5). Regarding other morbidities that could be
= z E H A g; HH | considered as adverse effects of subtle cortisol hyper-
Q zg% s Q g = § ; < secretion, type 2 diabetes, IGT, and dyslipidemia did not
o differ between patients with BAI and UAI in any of the
zg = g p gi < % ‘; studies reported such information (Table 5). As far as
= 8 HHZY HH|Z hypertension is concerned, the study by Vassiliadi et al.
§ gé < g g ; < g ; % reported an increased frequency of hypertension in patients
. 2 with UAI [15], while the study by Vassilatou et al. reported
g § % a trend for increased frequency of hypertension in patients
.2 = 212 with BAI [19] (Table 5). Information on BMD and verte-
;‘;9 'gﬂ Té g H H g bral fractures is reported only in the study by Morelli et al.,
2 E '§ '_:; g § g8 g 3 g where the femoral neck BMD was lower and the preva-
E 5 lence of fractures was higher in patients with BAI com-
% = Q pared to patients with UAI [18] (Table 5).
.2 7 8|
S|EZTE o |3 Risk of bias and study quality
R = R ) H H| =2
:5 -S g ';‘2 < (l?l < < < 8 g
Bl|=S5| e+ =E Bg According to authors’ judgment, all studies [15-19, 24] had
s ae 5% _ é low risk of selection and performance bias. Three of them
El5 - = %,; o < |8 [17, 18, 24] had unclear risk and three [15, 16, 19] low risk
E! 2 @ % j i g/ = i j g for detection bias. One study [24] had unclear risk, and the
E £ \%EE fTsaL- a4 % rest [15-19] had low risk for attrition bias. Finally, two
2 L. P V%)’ studies [18, 24] had unclear risk and the rest [15-17, 19]
g | = A2 x3 3|2 low risk for reporting bias.
S12.F| wagaadls
2 g %10;; w3 ] foo § S5 i Meta-analysis of main and secondary outcomes
% sV S = o — o = |5
S E 5 & g % All six studies included in the meta-analysis [15-19, 24],
5|8 . 2 = % 2 2 ; involving in total 1239 patients, 968 with unilateral and
%’ Z g Z 5 i:) S Z I3 Eo 271 with bilateral adrenal incidentalomas. The result of the
3 = »>=20 <> é 2 meta-analysis of the main study outcome, the prevalence of
<2 g § _ié SCS in patients with UAI and BAI, is shown in Fig. 2.
2 “é ‘:3 ST 5 5 = Patients with UAI demonstrated reduced odds ratio for SCS
w |82 =22z =z|%%8 rZ: 5 when compared with patients with BAI, yet with significant
= - & A 2 g between-study heterogeneity [RD (95 % CI) —0.13 (—0.22
Ele RN I RVE e, to —0.05), I* = 42 %].
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Table 4 Subclinical Cushing syndrome in patients with unilateral and bilateral adrenal incidentalomas

ID Year of First author ~ Diagnosis of SCS Patients with  SCS SCS SCS bilateral
publication SCS, n (%) frequency frequency vs. unilateral
unilateral, bilateral, (P value)
n (%) n (%)
1. 2015 Yener >2 of the following: Abnormal 1 mg DST, 38/179 (21.2) 27/141 (19.1) 11/38 (28.9) 0.188
high UFC, low ACTH
2. 2014 Vassilatou Abnormal LDDST plus one more: abnormal 66/298 (22.1) 40/224 (17.9) 26/74 (35.1) 0.003
midnight F, low ACTH, high UFC, low-
for-age DHEA-S
3. 2013 Morelli >2 of the following: Abnormal 1 mg DST, 51/213 (23.9) 41/175 (23.4) 10/38 (26.3) 0.68
high UFC, low ACTH
. 2012 Olsen Abnormal 1 mg DST and low ACTH 40/146 (27.4) 27/115 (23.0) 13/31 (42.0) 0.041
5. 2011 Androulakis Abnormal LDDST (cut-off based on mean  63/149 (42.3) 48/113 (42.5) 15/36 (41.7) >0.05
+2 SD values in controls)
6. 2011 Vassiliadi Abnormal LDDST plus one more: abnormal 33/172 (19.2) 16/131 (12.2) 17/41 (41.5) 0.001

midnight F, low ACTH, high UFC

ACTH adrenocorticotropic hormone, DHEA-S dehydroepiandrosterone sulfate, DST dexamethasone suppression test, F cortisol, LDDST low-
dose dexamethasone suppression test, SCS subclinical Cushing syndrome, SD standard deviations, UFC urinary free cortisol

Table 5 Clinical implications in patients with unilateral and bilateral adrenal incidentalomas

ID Year of First author Hypertension Hypertension  Type 2 DM Type 2 DM IGT unilateral, IGT bilateral,
publication unilateral, bilateral, unilateral, bilateral, n (%) n (%)
n (%) n (%) n (%) n (%)
1. 2015 Yener n/a n/a n/a n/a n/a n/a
2. 2014 Vassilatou 134/224 (59.8) 54/74 (73) 45/224 (20.1)  21/74 (28.4)  6/224 (2.7) 2/74 (2.7)
3. 2013 Morelli 100/175 (57.1) 22/38 (57.9) 44/175 (25.1)  8/38 (21.1) n/a n/a
4. 2012 Olsen n/a n/a n/a n/a n/a n/a
5. 2011 Androulakis n/a n/a n/a n/a n/a n/a
6. 2011 Vassiliadi 83/131 (63.4) 19/41 (46.3) 20/131 (15.3)  8/41 (19.5) After OGTT, After OGTT,
N/IGT/DM: 47.7/ N/IGT/DM:
40.9/11.4 50/36.7/13.3
ID Dyslipidemia  Dyslipidemia LS BMD (T LS BMD FN BMD FN BMD Vertebral Vertebral
unilateral, bilateral, score (T score) (T score) (T score) fractures fractures
n (%) n (%) unilateral bilateral unilateral bilateral unilateral, n (%)  bilateral, n (%)
1. n/a n/a n/a n/a n/a n/a n/a n/a
2. 146/224 (65.2) 54/74 (73.0) n/a n/a n/a n/a n/a n/a
3. T7/175 (44) 14/38 (36.8) —1.7+ 1.5 1.7+ 175 —1.17+£ 1.11 —1.80 £ 1.04 52/175 (29.7) 20/38 (52.6)
4. n/a n/a n/a n/a n/a n/a n/a n/a
5. n/a n/a n/a n/a n/a n/a n/a n/a
6. n/a n/a n/a n/a n/a n/a n/a n/a

DM diabetes mellitus, FN BMD femoral neck bone mineral density, /GT impaired glucose tolerance, LS BMD lumbar spine bone mineral density,

N normal, OGTT oral glucose tolerance test

The mass size of UAI did not differ from BAI (the size
of the largest lesion), but with significant between-study
heterogeneity [MD (95 % CI) —0.45 (—1.09 to 0.19),
I* = 91 %]. The study by Morelli et al. was excluded from
the meta-analysis, as they reported the sum of the largest
diameters of adrenal lesions and not the size of the largest
lesion (Fig. 3).
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The meta-analysis of secondary outcomes, which were
the prevalence of clinical implications possibly related to
subtle cortisol hypersecretion, is shown in Figs. 4,5, 6, and 7
and did not result in any differences between UAI and BAI,
without heterogeneity in obesity and diabetes. Four studies
reported information regarding BMI [MD (95 % CI) 0.42
(—0.53 to 1.37), PP = 4 %) (Fig. 4). Three studies reported
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Unilateral Bilateral Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Androulakis 2011 48 113 15 36 13.8% 0.01[-0.18, 0.19] S
Morelli 2013 41 175 10 38 17.4% -0.03 [-0.18, 0.12] ——
Olsen 2012 27 115 13 31 13.3% -0.18 [-0.37, 0.01) —
Yassilatou 2014 40 224 26 74 22.3% -0.17 [-0.29, -0.05] ——
Vassiliadi 2011 16 131 17 41 16.4% -0.29([-0.45, -0.13] e —
Yener 2014 27 141 11 38 16.8% -0.10 [-0.26, 0.06] —r
Total (95% CI) 899 258 100.0% -0.13[-0.22, -0.05] <>
Total events 199 92
i L : Chi? = = = S = k t t !
Heterogeneity. Tau® = 0.00; Chi®* = 8.67, df =5 (P = 0.12); I° = 42% ) ds 5 ofs 1

Test for overall effect: Z = 3.03 (P = 0.002)

Favours Bilateral Favours Unilateral

Fig. 2 Forest plot of comparison between subclinical Cushing’s syndrome prevalence in patients with unilateral and bilateral adrenal

incidentalomas

Unilateral Bilateral Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Androulakis 2011 2.5 1.3 113 2.5 1.2 36 24.1% 0.00 [-0.46, 0.46) ——
Olsen 2012 2 1 115 2.1 1 31 24.9% -0.10[-0.50, 0.30] -
Vassilatou 2014 2.4 1.1 224 2.6 1 74 26.3% -0.20[-0.47, 0.07] -
Vassiliadi 2011 2.3 1.1 131 3.8 1.2 41 24.7% -1.50[-1.81, -1.09] —-
Total (95% CI) 583 182 100.0% -0.45 [-1.09, 0.19] <
Heterogeneity. Tau? = 0.38; Chi? = 34.50, df = 3 (P < 0.00001); * = 91% _54 —l§ 5 2’ ;1
Test for overall effect: Z = 1.38 (P = 0.17) Favours Bilateral Favours Unilateral

Fig. 3 Forest plot of comparison between adrenal mass size in patients with unilateral and bilateral adrenal incidentalomas

Unilateral Bilateral Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Androulakis 2011 28.9 12.8 113 287 5.4 36 10.2% 0.20([-2.75, 3.15]
Morelli 2013 287 5.2 175 273 4.9 238 28.4% 1.40(-0.34, 2.14) -T—
Vassilatou 2014 30 5.7 224 305 5.4 74 40.5% -0.50[-1.94, 0.94] — T
Vassiliadi 2011 20.5 7 131 285 5.4 41  20.9% 1.00([-1.04, 2.04) s e —
Total (95% CI) 643 189 100.0% 0.42[-0.53,1.37]
Heterogeneity. Tau? = 0.04; Chi? = 3.12, df = 3 (P = 0.37); I* = 4% _=4 —I? 5 jl i

Test for overall effect: Z = 0.88 (P = 0.38)

Favours Bilateral Favours Unilateral

Fig. 4 Forest plot of comparison between body mass index in patients with unilateral and bilateral adrenal incidentalomas

Unilateral Bilateral Risk Difference Risk Difference

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Morelli 2013 44 175 g8 38 27.0% 0.04 [-0.10, 0.19] —-—
Vassilatou 2014 45 224 21 74  42.5% -0.08 [-0.20, 0.03] —
Yassiliadi 2011 20 131 8 41  30.5% -0.04 [-0.18, 0.09]
Total (95% CI) 530 153 100.0% -0.04 [-0.11, 0.04]
Total events 109 37

i z = : i = = = R = k t t {
Heterogeneity. Tau® = 0.00; Chi® = 1.73, df = 2 (P = 0.42); I°* = 0% ) G 5 o's 1

Test for overall effect: Z = 0.97 (P = 0.33)

Fig. 5 Forest plot of comparison between prevalence of diabetes in

information regarding the prevalence of diabetes [RD (95 %
CI) —0.04 (—0.11 to 0.04), I = 0 %] (Fig. 5). Two studies
reported information regarding the prevalence of dyslipi-
demia [RD (95 % CI) —0.02 (—0.16 to 0.13), I* = 50 %]
(Fig. 6). Three studies reported information regarding the
prevalence of hypertension [RD (95 % CI) 0.00 (—0.18 to

Favours Bilateral Favours Unilateral

patients with unilateral and bilateral adrenal incidentalomas

0.18), I* = 75 %] (Fig. 7). Only one study reported infor-
mation on BMD and prevalence of vertebral fractures, so a
meta-analysis was not possible to be performed.

The meta-analysis of the biochemical characteristics of
the patients with UAI and BAI are presented in Figs. 8, 9,
10, 11, and 12. Five studies reported information regarding
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Unilateral Bilateral Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Morelli 2013 77 175 14 38 41.4% 0.07 [-0.10, 0.24) ——
Vassilatou 2014 146 224 54 74 58.6% -0.08 [-0.20, 0.04) —-
Total (95% CI) 399 112 100.0% -0.02 [-0.16, 0.13] <l
Total events 223 68
Heterogeneity. Tau? = 0.01; Chi? = 2.00, df = 1 (P = 0.16); I? = 50% I i

-1 -0.5 0 0.5 1

Test for overall effect: Z = 0.22 (P = 0.83) Favours Bilateral Favours Unilateral

Fig. 6 Forest plot of comparison between prevalence of dyslipidemia in patients with unilateral and bilateral adrenal incidentalomas

Unilateral Bilateral Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Morelli 2013 100 175 22 38 31.4% -0.01[-0.18, 0.17)
Yassilatou 2014 124 224 54 74 37.2% -0.13 [-0.25, -0.01] ——
Vassiliadi 2011 83 131 19 41 31.4% 0.17 [-0.00, 0.34]
Total (95% CI) 530 153 100.0% 0.00 [-0.18, 0.18)
Total events 317 a5

Heterogeneity. Tau? = 0.02; Chi2 = 7.97, df = 2 (P = 0.02); > = 75% I

‘ =1 -0.5 0 o's 1
Test for overall effect: Z = 0.02 (P = 0.98) Favours Bilateral Favours Unilateral

Fig. 7 Forest plot of comparison between prevalence of hypertension in patients with unilateral and bilateral adrenal incidentalomas

Unilateral Bilateral Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Yassiliadi 2011 1.97 259 131 433 4.1 41 11.6% -2.36([-3.69, -1.03]
Olsen 2012 1.6 1.9 115 2.5 2.3 31 19.3% -0.90[-1.78, -0.02] —
Yassilatou 2014 155 154 224 2.14 182 74 30.6% -0.59([-1.05, -0.13] ——
Androulakis 2011 2.1 2.17 113 2.5 3.84 36 11.8% -0.40([-1.72, 0.92] — e
Moarelli 2013 2.3 169 175 2:5 1.7 38 26.7% -0.20[-0.80, 0.40] —-—
Total (95% CI) 758 220 100.0% -0.73 [-1.27,-0.19] <
Heterogeneity. Tau? = 0.19; Chi® = 8.98, df = 4 (P = 0.06); I = 55% _=4 _'§ 5 é' ;5

Test for overall effect: Z = 2.64 (P = 0.008) Favours Bilateral Favours Unilateral

Fig. 8 Forest plot of comparison between post-dexamethasone suppression test cortisol concentrations in patients with unilateral and bilateral
adrenal incidentalomas

Unilateral Bilateral Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Vassilatou 2014 4.27 2.5 224 4.79 2.77 74 75.4% -0.52(-1.23, 0.19] ——
Vassiliadi 2011 49 2.7 131 54 35 41 24.6% -0.50[-1.74, 0.74) —_—
Total (95% CI) 355 115 100.0% -0.52[-1.13,0.10] -
Heterogeneity. Tau? = 0.00; ChiZ = 0.00, df = 1 (P = 0.98); I = 0% _'? _11 5 'i §

Test for overall effect: Z = 1.64 (P = 0.10) Favours Bilateral Favours Unilateral

Fig. 9 Forest plot of comparison between midnight cortisol concentrations in patients with unilateral and bilateral adrenal incidentalomas

Unilateral Bilateral Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Androulakis 2011 18.1 106 113 14.8 102 36 14.4% 2.30[-0.56, 7.16) -
Morelli 2013 13.2 95 175 123 6.8 38 26.6% 0.90[-1.68, 3.48) — T
Olsen 2012 14.5 11 115 9.1 6 31 22.3% 5.40 [2.48, 8.32]) —_—
Vassilatou 2014 19.9 10.2 224 165 94 74  27.3% 2.40 [0.88, 5.92] —_—
VYassiliadi 2011 186 109 131 15.9 15 41 9.4% 2.70([-2.26, 7.66)
Total (95% CI) 758 220 100.0% 3.10 [1.49, 4.71) <
Heterogeneity. Tau? = 0.81; Chi® = 5.27, df = 4 (P = 0.26); > = 24% =—10 -iS 5 é 10‘-

Test for overall effect: Z = 3.77 (P = 0.0002) Favours Bilateral Favours Unilateral

Fig. 10 Forest plot of comparison between morning ACTH concentrations in patients with unilateral and bilateral adrenal incidentalomas
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Unilateral Bilateral Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Androulakis 2011 116.7 96.7 113 685 498 36 31.3% 48.20[24.06, 72.34] —
Yassilatou 2014 83.1 60.6 224 806 606 74 36.1% 2.50([-13.43, 18.43]
Yassiliadi 2011 390 83.4 131 58 54.4 41 32.6% 32.00[10.06, 53.94] ——
Total (95% CI) 468 151 100.0% 26.42 [-1.36, 54.20]
Heterogeneity. Tau? = 490.42; Chi® = 11.02, df = 2 (P = 0.004); I? = 82% :_100 _;‘0 + 540 100:

Test for overall effect: Z = 1.86 (P = 0.06)

Favours Bilateral Favours Unilateral

Fig. 11 Forest plot of comparison between morning DHEA-S concentrations in patients with unilateral and bilateral adrenal incidentalomas

Unilateral Bilateral Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Androulakis 2011 49.9 23.9 113 585 31 36 32.2% -8.60 [-19.64, 2.44] ——
Morelli 2013 152.3 949 175 125.3 69.3 38 15.5% 27.00[0.86, 53.14)
Yassilatou 2014 51.9 30.6 224 664 36.7 74 34.6% -14.50([-23.77, -5.23] —
Yassiliadi 2011 104.6 61.3 131 1145 69 41 17.6% -9.90([-33.49, 13.69] —_——
Total (95% CI) 643 189 100.0% -5.34 [-18.31, 7.63) ?
Heterogeneity. Tau? = 104.10; Chi® = 8.63, df = 3 (P = 0.03); I = 65% _;‘0 -élS 5 215 S’O

Test for overall effect: Z = 0.81 (P = 0.42)

Favours Bilateral Favours Unilateral

Fig. 12 Forest plot of comparison between 24-h urinary free cortisol concentrations in patients with unilateral and bilateral adrenal

incidentalomas

morning cortisol concentrations post-DST, two studies
after 1 mg DST [17, 18] and three studies after LDDST
[15, 16, 19]. Patients with UAI demonstrated reduced SMD
for morning cortisol concentrations post-DST when com-
pared with patients with BAI, yet with significant between-
study heterogeneity [MD (95 % CI) —0.73 (—1.27 to 0.19),
P =55 %] (Fig. 8). Two studies reported information
regarding midnight cortisol concentrations, without dif-
ference between patients with UAI and patients with BAI
[MD (95 % CI) —0.52 (—1.13 to 0.10), I* = 0 %] (Fig. 9).
Five studies reported information regarding morning
ACTH concentrations. Patients with UAI demonstrated
elevated SMD for morning ACTH concentrations when
compared with patients with BAI, with low between-study
heterogeneity [MD (95 % CI) 3.10 (1.49 to 4.71),
P =24 %] (Fig. 10). Three studies reported information
regarding DHEA-S, without difference between patients
with UAI and patients with BAI [MD (95 % CI) 26.42
(—1.36 to 54.20), I = 82 %] (Fig. 11). Four studies
reported information regarding 24-h urinary free cortisol
(UFC) concentrations, without difference between patients
with UAI and patients with BAI [MD (95 % CI) —5.34
(—18.31 to 7.63), > = 65 %] (Fig. 12).

Subgroup meta-analysis

Subgroup meta-analysis was performed regarding morning
cortisol concentrations post-DST. Subgroups consisted of
two studies that used 1 mg DST [17, 18] and three studies
that used LDDST [15, 16, 19]. Patients with UAI did not
demonstrate any differences in MD for morning cortisol
concentrations post 1 mg DST when compared with

patients with BAI [MD (95 % CI) —0.47 (—1.14 to 0.20),
I? = 40 %). Patients with UAI demonstrated marginally
reduced MD for morning cortisol concentrations post-
LDDST when compared with patients with BAI, yet with
significant between-study heterogeneity [MD (95 % CI)
—1.02 (=2.07 to 0.03), I = 69 %].

Publication bias

As six studies were included in the meta-analysis, tests for
funnel plot asymmetry, such as Egger’s test, were not used.
Such a test can be performed only when at least ten studies
are included in the meta-analysis, otherwise the power is
too low to distinguish chance from real asymmetry.

Explanation of heterogeneity: sensitivity analysis

Significant between-study heterogeneity was present in the
comparison of patients with UAI and BAI regarding
prevalence of SCS, mass size, prevalence of dyslipidemia
and hypertension, cortisol concentrations post-DST,
DHEA-S concentrations, and UFC. When the study by
Vassiliadi et al. [15] was excluded, 12 was reduced from 42
to 7 % for prevalence of SCS, from 91 to 0 % for mass
size, from 75 to 25 % for prevalence of hypertension, and
from 55 to 0 % for cortisol concentrations post-DST.

Explanation of heterogeneity: meta-regression

Meta-regression for possible predictors of primary and
secondary outcomes was not performed due to the small
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number of studies. Furthermore, there were not enough
data to perform a meta-regression for the association
between prevalence of SCS and mass size.

Discussion

The aim of the present study was to systematically review the
literature for studies that have investigated possible differ-
ences in the prevalence of SCS and related clinical impli-
cations between patients with UAI and BAI and to meta-
analyze the best evidence available. We found that patients
with BAI present a higher prevalence of SCS compared to
patients with UAI, without any differences in the prevalence
of obesity, diabetes, hypertension, and dyslipidemia.

Significant between-study heterogeneity was present in
the comparison of patients with UAI and BAI regarding
many of primary and secondary outcomes. When the study
by Vassiliadi et al. [15] was excluded, the heterogeneity
was significantly reduced for all parameters. Yet, the risk
of bias and study quality assessment did not result in any
selection, performance, detection, attrition, or reporting
bias for this study [15]. Regarding dyslipidemia, only two
studies reported information, and this small number could
explain heterogeneity.

The possibility of a different prevalence in subtle cor-
tisol hypersecretion between patients with BAI and UAI
has been previously investigated in six studies, with con-
troversial results. Three studies detected significantly
higher prevalence of SCS in patients with BAI [15, 17, 19],
while there was no significant difference between patients
with BAI and UAI in the rest of the studies [16, 18, 24].
The present meta-analysis provided evidence that patients
with BAI present a higher prevalence of SCS compared to
patients with UAI This result is important for the clinical
approach and management of patients with BAI, and it is
consistent with the hypothesis that different pathogenetic
mechanisms exist between BAI and UAI. In agreement,
recent studies have indicated that BAI are more commonly
associated with genetic alterations than UAI and especially
with genes favoring tumor growth rather than cortisol
overproduction [13].

In the present meta-analysis, the mass size of UAI did
not differ from the size of the largest lesion for BAI. This is
clinically relevant, as previous studies have shown that the
size of the adrenal mass is positively correlated with hor-
monal abnormalities compatible with subtle cortisol
hypersecretion [10, 17]. Moreover, a catheterization study
showed that in most cases of BAI the larger incidentaloma
of the two is the hypersecreting one [25]. Therefore, the
present meta-analysis provided evidence that it is rather the
bilaterality itself than the mass size, which is responsible
for the higher frequency of SCS.

@ Springer

A limitation of this meta-analysis is the fact that dif-
ferent criteria were used across the included studies for the
diagnosis of subclinical Cushing’s syndrome [15-19, 24].
The most commonly used were post-DST high morning
cortisol concentrations combined with at least one abnor-
mal result of other hormonal measurements, such as high
midnight cortisol, low morning ACTH, low-for-age
DHEA-S and high 24-h UFC. This variation in criteria [15—
19, 24] reflects the clinical reality, as there is still no
consensus on diagnostic criteria for SCS diagnosis. The
meta-analysis of the biochemical characteristics of the
patients demonstrated lower post-DST cortisol concentra-
tions and higher morning ACTH concentrations for patients
with UAI when compared to patients with BAI, without
any differences regarding other laboratory measurements.

Regarding the prevalence of clinical implications pos-
sibly related to cortisol hypersecretion such as obesity,
diabetes, dyslipidemia and hypertension, the present meta-
analysis did not result in any differences between UAI and
BAI This finding indicates that the higher prevalence of
SCS in patients with BAI does not lead to a higher fre-
quency of such clinical morbidities. This may be due to
subtle or even intermittent autonomous cortisol hyper-
secretion in patients with AI [10, 26, 27]. Furthermore,
clinical manifestations of cortisol hypersecretion can vary
and depend not only on the degree but also on the duration
of hypersecretion, as well as the sensitivity of each indi-
vidual to cortisol excess [26].

In conclusion, the present meta-analysis provided evi-
dence that patients with BAI present a higher prevalence of
SCS compared to patients with UAL
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