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[Abstract] Objective To investigate the clinical characteristics of patients with clinical and subclinical Cushing's syndrome
caused by primary bilateral macronodular adrenal hyperplasia (PBMAH). Methods A retrospective analysis was performed on the
clinical data of 198 patients with Cushing's syndrome caused by PBMAH diagnosed in the First Medical Center of Chinese PLA
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General Hospital from January 2004 to October 2024. According to clinical manifestations, the patients were classified into clinical
type Cushing's syndrome (n=61) and subclinical type Cushing's syndrome (n=137), and the clinical characteristics of the two types
were compared. Results The mean age at diagnosis of patients with PBMAH-induced Cushing's syndrome was (53.5£10.4) years,
including 118 males and 80 females, with a male-to-female ratio of 1.475:1. Compared with the subclinical type, the clinical type had a
higher proportion of females, higher levels of serum cortisol, 24-hour urine free cortisol (24 h UFC), and inhibited serum cortisol after
low-dose dexamethasone suppression. Additionally, the clinical type had lower plasma ACTH, larger adrenal nodules and a higher risk
of surgery (P<0.05) compared with those in subclinical type. The incidences of hypertension, dyslipidemia, obesity, diabetes mellitus,
hypokalemia, vitamin D deficiency, osteoporosis, coronary heart disease, and cerebrovascular disease in patients with Cushing's
syndrome caused by PBMAH were 87.9%, 50.5%, 37.1%, 36.9%, 27.8%, 25.9%, 18.7%, 18.7% and 12.1%, respectively. Among them,
compared with subclinical type patients, clinical type patients had higher incidence of hypokalaemia, vitamin D deficiency and
osteoporosis (P<0.05), while there were no statistically significant differences in the incidences of other comorbidities between the
two types (P>0.05). The results of postoperative follow-up for PBMAH patients showed that the short-term biochemical remission
rate of unilateral total adrenalectomy was 41.5% (22/53) and the long-term biochemical remission rate was 32.0% (8/25). The short-
term biochemical remission rate of unilateral partial (or nodular) adrenalectomy was 52.9% (9/17), and the long-term biochemical
remission rate was 14.3% (1/7). All patients who underwent unilateral total adrenalectomy plus contralateral partial resection
developed adrenal insufficiency (3/3), and 1 patient (1/3) relapsed 3.4 years after surgery. Conclusion Clinical and subclinical

types of Cushing's syndrome caused by PBMAH have their distinct clinical characteristics. Surgery is an effective treatment for

PBMAH, but a certain proportion of patients fail to achieve biochemical remission after non-bilateral total adrenalectomy.
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Fig.1 Distribution of patients with Cushing's syndrome due to
PBMAH by year of diagnosis
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syndrome and clinical Cushing's syndrome
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Comparison of demographic characteristics and surgical conditions between PBMAH patients with subclinical Cushing's
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Tab.2 Comparison of cortisol levels and imaging features in patients with different subtypes of Cushing's syndrome caused by PBMAH
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I PR R G IE4H (n=61) P
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Tab.3 Comparison of comorbidities and related indicators in patients with different subtypes of Cushing's syndrome caused by PBMAH
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W [ (%)] 0.207
g 65(32.8) 50(36.5) 15(24.6)
T PRI I 60(30.3) 41(29.9) 19(31.1)
MR 73(36.9) 46(33.6) 27(44.3)
MR, M(Q, Q)] 30(3,78) 39(4, 120) 24(1,48) 0.182
Wb FH R 2 [ 511 (%) ] 58(79.5) 36(78.3) 22(81.5) 0.742
R I B 2% [ (%) ] 18(24.7) 10(21.7) 8(29.6) 0.450
1147 (mmol /L, x+s) 3.80+0.47 3.8540.35 3.61£0.61 0.004
PR I AE 5[4 (9) ] 55(27.8) 27(19.7) 28(45.9) <0.001
25(OH)D [ng/ml, M(Q, Q,)] 14.90(11.70, 21.60) 15.4(13.00,21.45) 13.30(8.35,23.10) 0.054
A= 2 D1)(%)] 0.011
EH 39(27.3) 29(27.4) 10(27.0)
AR 67(46.9) 56(52.8) 11(29.7)®
= 37(25.9) 21(19.8) 16(43.2)"
B BAMIE [51](%)] 0.011
7 112(56.6) 83(60.6) 29(47.5)
Hr 49(24.7) 36(26.3) 13(21.3)
‘B BT A 37(18.7) 18(13.1) 19(31.1)
L (1] (%) ] 37(18.7) 29(21.2) 8(13.1) 0.180
I A S S (451096 )] 0.822
o 174(87.9) 121(88.3) 53(86.9)
Jii e it 22(11.1) 14(10.2) 8(13.1)
i S 11 1(0.5) 1(0.7) 0
G e i B i 1 o 1(0.5) 1(0.7) 0

BML (AT H5%; 2S(OH)D. 25-34i4E 2 D; SWINREEREGSAFL A, (1) P<0.05(4% Bonferroni B iF)

FOME R TSR . 1R 8.8 4F PR H R FCRE IR S
METHE, ABEEA'E ERRAGR W B, (5
FH B Rz i 2 0 BRI R, 2 58k 25 TR P2 JCRE
Ko VBIARJG B WHE R R ER , 34 R ERE
%, JaZUAEBEVTAL , PR A e i e R T
AR, F T M D)+ X MR VIR A J5 9.8 4-47
KFARUIGRFIAE LR, ARJEHE R B R RaIT .
2.5 PR ARMCS FEAGIN 25 5] PBMAH 5 5%

Pl 22 ARMCS FERKGIN ,  Hrp 12 (91 #5 ks SO 524
045 3 Il R B (3/7) Ao ) It R 761 (9/18)

3 it it
PBMAH KA LUK I 2 B IR Zr A AiE Y 25 0 it
A, SR, FEEXTER AR TRA UL SGEAG 2A HR

BBEE A1 N, B R R AR R R A BT
5, (HUT4EE PBMAH M2 W B st = ok



i K PBMAH F8 3 19 KA ARG R 5 25 A0 X e = 1
[ 7 PBMAH 8 & I PRAF S8 20k A F B IR
L33 88 T ARARAR 47 32 RS I ) g 10200 A7 T
TE 1 38 £V A far o B A0 A0RE 2 95 10048 % v [
PBMAH 8 & I R R s RAEARDF RS, RIFFTRA
AR LA 98 — R 4RI T B 2 B R K- M5 9F
JEAFE SRR, BIE—24A T PBMAH BE )
AR FTEANERIE A HFE 0 7™ F R K27 B L
R E, & HATREAR R A KA [E PBMAH B E ST,
PRt A TE 4048 b5 4D 7T T PBMAH HE A4 I PR R
405 .

ARHIFFE AN A BT 20 4 i 75 0 R B 2 — s 2 v
LIZYR I PBMAH I BUEREE IR E T, A 50% 7E
T 6AENTL . i BE P2 WHAERR H 53.5 %,
HoA I PR AL FRZE 5 E & 69.2% , £56 HRTHA TR
“£HF 5T H PBMAH 12 Wi AT i 5 (45~60 %) K LA I
PRIE IR &5 A A B 22 WL e 50 AR 58 B vh 55
LTk, 5E PN KA = EE [ PBMAH B 55—
o2 HR [E] F [ A0 0 Lok 7 R R
S ST RE S REACR | R . IS M e B Y
RIS IASW R E T | W AR IRSE A AR BT o L)
ANRI B HABIE TR 25 57 K.

PBMAH £ # 2 TTH A FERZE SRR, Hi2JR
N2 R EIME . AP A LI IMNEE 2 L
i3k 63.1%, M AIE AR AL 2 2K PBMAH 1
PiEtE R 2, 2 F ARG &2 G T T
A, #nBERSIGYT BIERREL. S,
Z o AR MR R ZE A AERE R B ARTE AT REFE AN RES | /2
BEWEM, I, PBMAH M2 H B4R AN
R, BEITEIA 4 e B R IR B

JEIREEAAE B E B L O PEAR R . MBS . K
JER 28 230 K A0 vt ML TG o A5 S A i R 3 W = 2 P AR B I
PR T R A B I 5 AN AR 1543 A A 14 5 BT
B, DRI P8 5 S A TR R iR £ 5 i ) 2 [X 1)
TET oA A1 7 24 h UFC AT A H Rz i
P A KU AN AZ i v 2 T s 5 BR A 1
AANEPEME R SN Z WY, W EKSGE S
TR H ez —1 SR, PERE, 1 63% A4z
J PR SRS HE 3 h 24 h URC K AT BETE Y, AT
25%~46% [1) PBMAH £ & UFC /K- Fh g h1o2024 | A
5% 1 PBMAH It 35 2 ik 25 5 i A8 5 A 53.6% i 91
24h UFC /K- Fhm, il pRA rh 37.6% H 3 24 h
UFC /K F-Fh, IR 24 h UFC /K F-FH s 19 e Bl s
ik 89.8%. Il AR Y S8 3 R o K P W ik vy T Il R
AU, 1 PEFRZE A AF B R EN 5 je SR %
B SRS W0 1T RE T Bk B — 2 K- A 25 R S A
JEFRCRE R B AR AR {EL ST I A 28 5 116 AR 75 35 1 2

Med ] Chin PLA, Vol. 50, No. 7, July 28, 2025

FBE/KF-5 24 h UFC A fE—E B E S, $in
PBMAH FIT 55 A4 1 P J Jok 26 B S Biz I it 7K S A 1l g
HHAMRZEASC, WA . WA S S0 0 Rz ot
P R B AR . E R B AT a0 AR AN 3R
B4 BZ R BT 2 490 i %o e S KA () SRR E 2SR A A
SR ) oh AN e N A = e il T N AR
P BBURR I . SR, RSN A A7 AE — 2 (R JR B2,
Al T BRIV G AL, AR R
PR ZRN SO0, AR NS f T =
B ITAE VR FAERT A1 JE 2 2% e S5 I B ake v 1)
PEA e = mT LR I R FE A5, kANt — 25
R,

PBMAH fH 35 K HH Jz ot it 7 i 3k 22 mT - 350 1
FE . BREFRACHT . B 5 A SR, B i AE
P R BB A 1) 2 AR KUBR DY DL A I A R A
PBMAH A & 114 155 1ML AR %6k 67%~91% , B PRI i
IR 249%~47%120242829) [ N X F PBMAH B E &
IERE R RAEABIE T D, o 1V 4 I B 1Y) 140 f51)
HB 50 U AT BE BE Y 102 451 R O A BE o
PBMAH = IfiL & % A2 2 Ry 83.3%~84.3%, I K Ik hy
43.19%~63.6%, f= IR I E N 37.3%~62.9%, NE B K
15%, ARHP MLIE N 7.8%~50.0%, B BHiAANE 4 20.6%,
B R 6.9%, BRI PG N 13.7%, AAHF5E
WA PBMAH B =L . HEFRG . = MR IALAE A9 &
AR T (2024 4 WU PR B 57 LS sl 45 R ) )
JIF AR 3 B4 r R BN R 8 (e LRy 27.5% , BB BRI
H11.9%, EGINAE K 35.6%)%, KA, #E— i
Il PRI 50 1 PR IY 1) & R A L ™ F R B Bk G
AR, RIIELTE S IR . ORI . R AR
MREZEAEL . O A Ty i Jo 22 5, IR AL AL
VIl PRI EE B % A AR BR IMLAE . 4k 4 2% D B = AR R
BN o TR A A I 3 L 107 (501 R R 26 ik 4 B AiE
55 33 (55 I R Y IR 25 G AiE PBMAH FR 55 A9 N H 2%
FRIE . PEKTE A IHES I OB, I R AL
e PR Y 2 IR 245 118 B2 S B K7 T L IR ILAE B
B, SARMR AR —8 . SR, %A A B
PRI B AR | o I OB PR A L B B s, AR
W & LAY 2554, " HES PBMAH B H il
I PREY 2 R Z5 A5 AR 0 LGS TR A G, AR o (R4
Jo R R i 1 S5 L s, R 2 I R
BEAl, AHIEGE I R PR Jik 2 HE 50 S0 I AR 254 72 ik
CEAAEM e S e, TR TR B AN IE B el O 1)
M7 MEE KR AR, 4828 I Lo PR RO XU
Hemts R, AE R DL A I E B RS E AR
HEMFAZRE)G, RADSEAERIMZER . Ik,
A HRE 19 & AR 52 AR ) B AR 1 O SRS 2 Fh
RARHFE AR, 750 LR A & (5T ik



806

fRICZEE 26 20254E7H28H  2s0%:  2H7i

— L IHIE

f£ PBMAH IAMEHATF RIS T, SN AR YIBR
AR AT A WA ) B TR A 2 B Y, B AR
KA BB B B R AT, HLATRE AR DGR
WAL E ARG G e A RS B ], H iy B
FRRAYIRE M IEYF PBMAH ) ERARRS, BRAE
WS R, B YIRS i 56 A 22 i 5 58%~
849612234361 I AHIF 5 1) S ) 0 Mt R (41.5% ) Fis I, m]
Re S B H 2 BIBAMIM K UIA K. Wi
2 3 11 K ) % i SR A7 A U 8l (25%~879) 17347
AHFTE R R IR R 32.09% 1 A 2 2 i)
B RS UIBR s L R A T+ R A DI B AR
()1 0 Bl o B % i 3 TR, (ARG T
AR AR BB o T R B S B R BR , AR5
M FAREBEAEAET K5, (B RERE R A — 2 el
() £8 AR R UM R e VIR R 5 AN RE b 2] A 1k
Zf o

H 2013 4 Assié ZFPV B IR AN 4 4 PBMAH R &
) ARMCS FERAZ LK, BHE R BABHRA, H
HOULA A PBMAH J& F— st G o B, JEHei
PR B K] ARMCS Y 22 2R 175 9 A8 2 20%~25% i A 1
PBMAH J7 {51l Fll 80% F I35 49 s PRI ), ARBIF 97
Kl ARMCS R[4 i PBMAH H 3 Pl &3 T —E 1
BB PSS . A, PBMAH 19 &AL 4 5 K
B ERR G 8 IR Z AR AR IK . ACTH 5547 WA A
BEERE, SRR RS A IE PBMAH 5
KDMIA FEH 28784 5% H {if PBMAH 1 73T HL il
MATEAEMB, a2 R

ZE FARR, AWF5E LI, PBMAH IFEUE KL A
TR PRI 5 5001 R BB 2 BT 45 A IR IR . 5
PG RTAH EL, XTIl R 7R £ 35 B Iy DG 3 HAPRAR! I
Y2 Dz FIE B AME I R AN L. FARRG
¥7 PBMAH WA 3T B, (HA5A —E el i) i ek
XU R UIARAR G AN REIS 20 AL 2 i . L4,
AW FAFAE—E W R BR Y . S B b B PR 5
BB TR AT R BE DT I TR R, A/ Rk ik
A7 TP, PRI, ARk PBAMH T BU%E ikZ:
B E PRI o A T S5 I R ) 22 fb ik
s Kk

(&% 3CHk]

[1]  Bertherat ], Bourdeau I, Bouys L, et al. Clinical, pathophysiologic,
genetic, and therapeutic progress in primary bilateral macronodular
adrenal hyperplasia[J]. Endocr Rev, 2023, 44(4): 567-628.

[2] Assié G, Libé R, Espiard S, et al. ARMCS mutations in
macronodular adrenal hyperplasia with Cushing's syndrome[J]. N
Engl] Med, 2013, 369(22): 2105-2114.

(3] ZFuK, B IF%, VEVREE, 45 IR MERUIN B b IR OREE 1 4 S

(4]

(]

(8]

(9]

(10]

(11]

(12]

(13]

(17]

(18]

(19]

W U g O P A TR ) PR AR LA (). St il A IR 2 2%
ik, 2025, 50(7): 779-785.

Sharma ST, Nieman LK, Feelders RA. Comorbidities in Cushing's
disease[J]. Pituitary, 2015, 18(2): 188-194.

JEI A, TN, BT, 4 IR U s 5 R 1 e A
iE B R R AE R [, P e oy 2 AR 2 A 2023, 39(12):
1023-1027.

Zhou JY, Zhang M, Bai X, et al. Demographic characteristics,
etiology, and comorbidities of patients with Cushing's syndrome: a
10-year retrospective study at a large general hospital in China[J].
IntJ Endocrinol, 2019, 2019: 7159696.

IR BURERIIT T 2 P9 43 WA R B 23 43 22 (2022 SR E I R
FREFBAE L Z A T AU S 2 . 2022 45 W I K2R iR 4B 1E
LR AL FEPRN MR, 2023, 43(1): 69-76.
Emms H, Tsirou I, Cranston T, et al. Do patients with incidentally
discovered bilateral adrenal nodules represent an early form of
ARMCS-mediated  bilateral hyperplasia?  [J].
Endocrine, 2016, 53(3): 801-808.

Corwin MT, Navarro SM, Malik DG, et al. Differences in growth

macronodular

rate on CT of adrenal adenomas and malignant adrenal nodules[J].
AJR Am ] Roentgenol, 2019, 213(3): 632-636.

Zhou BF, Cooperative Meta-Analysis Group of the Working Group
on Obesity in China. Predictive values of body mass index and waist
circumference for risk factors of certain related diseases in Chinese
adults: study on optimal cut-off points of body mass index and waist
circumference in Chinese adults[J]. Biomed Environ Sci, 2002, 15
(1): 83-96.

Hh R LR B iR FE R T 22 b1 2%, LRI (o
IR ] PR SR AR 2 o ML 25 432, A58 . v [ 8 L B
IR E I (2024 S IETTIR) 1. AR R 2% 5 (FH9E30), 2024,
32(7): 603-700.

Sh T R, B, B, S R A (R S R 4
2022) B S MREE(]. h E AR 2E, 2023, 26(32): 3975-3994.
AR B2 e I O 23, TR B Bl RO A 22, T R
PR 2 A S AR T G 2 . vl [l AR PR T+
i % R 3L (2023 K) (7). H AR B DR 2 35, 2023, 15(6):
484-494.

T R o f A B2, IS, 4% 1 Rk, 45 4EZER D
B IR OUIT A B st & Z ILR). vh A e 4 B 22 2% K,
2023,9(4): 245-252.

AR B S O AN R B SRR 323 . A P s Al
YT AR (2022) [J]. HARAT BUBRS R8T SR PO A K, 2022,
15(6): 573-611.

Debillon E, Velayoudom-Cephise FL, Salenave S, et al. Unilateral
adrenalectomy as a first-line treatment of Cushing's syndrome in
patients with primary bilateral macronodular adrenal hyperplasia
[J].J Clin Endocrinol Metab, 2015, 100(12): 4417-4424.

Zhou H, Yin Y, Zhang P, et al. Long-term outcome of unilateral
adrenalectomy for primary bilateral macronodular adrenal
hyperplasia[J]. Endocrine, 2025, 87(2): 810-821.

Vassiliadi DA, Tsagarakis S. Diagnosis and management of primary
bilateral macronodular adrenal hyperplasia[J]. Endocr Relat
Cancer, 2019, 26(10): R567-RS81.

Bouys L, Vaczlavik A, Jouinot A, et al. Identification of predictive
criteria for pathogenic variants of primary bilateral macronodular
adrenal hyperplasia (PBMAH) gene ARMCS in 352 unselected
patients[J]. Eur J Endocrinol, 2022, 187(1): 123-134.



(20]

(21]

[22]

(23]

(25]

[26]

Espiard S, Drougat L, Libé R, et al. ARMCS mutations in a large
cohort of primary macronodular adrenal hyperplasia: clinical and
functional consequences[J]. J Clin Endocrinol Metab, 2015, 100
(6): E926-E935.

Li J, Yang CH. Diagnosis and treatment of adrenocorticotrophic
hormone-independent macronodular adrenocortical hyperplasia: a
report of 23 cases in a single center[J]. Exp Ther Med, 2015, 9(2):
507-512.

Lacroix A, Feelders RA, Stratakis CA, et al. Cushing's syndrome([J].
Lancet, 2015, 386(9996): 913-927.

Kidambi S, Raff H, Findling JW. Limitations of nocturnal salivary
cortisol and urine free cortisol in the diagnosis of mild Cushing's
syndrome[J]. Eur J Endocrinol, 2007, 157(6): 725-731.

Albiger NM, Regazzo D, Rubin B, et al. A multicenter experience on
the prevalence of ARMCS mutations in patients with primary
bilateral macronodular adrenal hyperplasia: from genetic
characterization to clinical phenotype[J]. Endocrine, 2017, 55(3):
959-968. [LinkOut]

Fujii H, lida S, Gomi M, et al. Augmented induction by
dexamethasone of metallothionein IIa messenger ribonucleic acid in
fibroblasts from a patient with cortisol hyperreactive syndrome [J]. ]
Clin Endocrinol Metab, 1993, 76(2): 445-449.

Newfield RS, Kalaitzoglou G, Licholai T, et al. Normocortisolemic
Cushing's ~ syndrome initially —presenting with increased
glucocorticoid receptor numbers[J]. J Clin Endocrinol Metab,
2000, 85(1): 14-21.

Quax RA, Manenschijn L, Koper JW, et al. Glucocorticoid
sensitivity in health and disease[J]. Nat Rev Endocrinol, 2013, 9:
670-686.

Ban A, Barnabas R, Karlekar M, et al. Bilateral macronodular
adrenocortical disease: a single centre experience[J]. Endocr
Connect, 2025, 14(3): €240664.

Wang WD, Lian PH, Deng JH, et al. A 30-year, single-center

experience of unilateral adrenalectomy for primary bilateral

(30]

(31]

(32]

(36]

(37]

Med ] Chin PLA, Vol. 50, No. 7, July 28,2025

macronodular adrenal hyperplasia[J]. Endocr Pract, 2022, 28(7):
690-695.

AR JE KA 4 e M B 7R s 2 2 EUU ] AN
1R, 2024, 2024(20): 6.

TR B 2 D AR 22, TP I BRI B2 0 A8 PRI U1
grax AR IO B IS TR B b L AR h e
ML AERTZ4 A, 2023, 51(2): 125-135.

Nieman LK, Biller BMK, Findling JW, et al. Treatment of Cushing's
syndrome: an endocrine society clinical practice guideline[J]. J Clin
Endocrinol Metab, 2015, 100(8): 2807-2831.

Johannsson G, Falorni A, Skrtic S, et al. Adrenal insufficiency:
review of clinical outcomes with current glucocorticoid replacement
therapy(J]. Clin Endocrinol, 2015, 82(1): 2-11.

Osswald A, Quinkler M, Di Dalmazi G, et al. Long-term outcome of
primary bilateral macronodular adrenocortical hyperplasia after
unilateral adrenalectomy[J]. J Clin Endocrinol Metab, 2019, 104
(7): 2985-2993.

Tizianel I, Detomas M, Deutschbein T, et al. Corticotropin-
releasing hormone test predicts the outcome of unilateral
adrenalectomy adrenal
hyperplasia[J]. ] Endocrinol Invest, 2024, 47(3): 749-756.

Yu Z, Gao J, Sun F. The effect of unilateral adrenalectomy on

in primary Dbilateral macronodular

patients with primary bilateral macronodular adrenal hyperplasia
[J]. Hormones, 2023, 22(2): 235-242.

Albiger NM, Ceccato F, Zilio M, et al. An analysis of different
therapeutic options in patients with Cushing's syndrome due to
bilateral hyperplasia: a
experience[J]. Clin Endocrinol, 2015, 82(6): 808-815.
Cavalcante IP, Berthon A, Fragoso MC, et al. Primary bilateral

macronodular adrenal single-centre

macronodular adrenal hyperplasia: definitely a genetic disease[J].
Nat Rev Endocrinol, 2022, 18(11): 699-711.

Bouys L, Vaczlavik A, Cavalcante IP, et al. The mutational landscape
of ARMCS in primary bilateral macronodular adrenal hyperplasia:
an update[J]. Orphanet J Rare Dis, 2025, 20(1): S1.

(TE St 5K/ )



