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Abstract: Objective  To summarize the clinical characteristics and outcomes of corona virus disease 2019
(COVID-19) in patients with adrenal insufficiency ( AT), and analyze the risk factors of outcomes. Methods The
clinical data of COVID-19 patients with Al in Peking Union Medical College Hospital in December 2022 were ana-
lyzed retrospectively and the patients were followed up to collect outcomes of their diseases. Results Among 28

COVID-19 patients with Al, 20 cases (71.4%) received basal corticosteroid replacement. Among the 18 patients
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with community-acquired COVID-19, 11 cases (61. 1% ) increased the corticosteroid dosage proactively at home.
The most common symptoms of COVID-19 were fever (96.4% ), gastrointestinal symptoms (82.1%) and con-
sciousness disturbance (78.6% ). Occurrence of severe consciousness disturbance was associated with older age and
lower basal corticosteroid replacement dose (P<0.05). Adrenal crisis ( AC) occurred in 20 patients (71.4%) ,
which was associated with lower basal corticosteroid replacement dose, hypochloremia, lower eosinophil, lower
platelet, and longer activated partial thromboplastin time ( APTT) ( P<0. 05). 2 patients died during hospitalization.
26.3 % (5/19) of surviving patient’s recovered consciousness longer than 48 hours. Delayed recovery of conscious-
ness was associated with lower systolic pressure, higher blood creatinine, and higher fibrinogen ( P<0.05). Long
COVID-19 symptoms such as fatigue and poor appetite occurred in 48.0 % (12/25) of patients. Among patients

with increased corticosteroid dosage, 50.0 % (12/24) had their dose reduced to baseline within 3 weeks.

Conclusions

COVID-19 patients with Al have a high frequency of consciousness disturbance and AC. Al patients

are lack of awareness of adjusting corticosteroid dosage proactively in case of infection stress, thus education of

“sick day rules” for Al patients should be strengthened in clinical practice.
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Table 1 Baseline clinical characteristics of patients[ n( %) ,x+s,M(Q,,0,) ]

characteristics total (n=28) PAI(n=4) SAI(n=24) P value

age/year 48.6+16.2 37.5+14.9 50.4+16.0 0.143
female 13(46.4) 2(50.0) 11(45.8) 1..000
Al etiology

adrenal surgery 2(50.0)

congenital adrenal hyperplasia 2(7.1) 2(50.0)

pituitary adenoma 10(35.7) 10(41.7)

Sheehan syndrome 5(17.8) 5(20.8)

craniopharyngioma 4(14.3) 4(16.7)

intracranial germinoma 2(7.1) 2(8.3)

empty sella syndrome 1(3.6) 1(4.2)

hypophysitis 1(3.6) 1(4.2)

others 1(3.6) 1(4.2)
duration of AT*/year 8.0(2.1, 19.8) 8.1(0.1, 28.8) 8.0(2.5, 19.8) 0. 681
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gx1
characteristics total (n=28) PAI(n=4) SAI(n=24) P value

type of glucocorticoid replacement

none 8(28.6) 1(25.0) 7(29.2) 1. 000

hydrocortisone 7(25.0) 3(75.0) 4(16.7) 0.038"

prednisone 13(46. 4) 0(0) 13(54.2) 0.102
corticosteroid replacement dose( mg/d) 10.0(0, 20.0) 30.0(7.5, 67.5) 10.0(0, 18.8) 0. 095
other hormones replacement

none 11(39.3) 3(75.0) 8(33.3) 0.269

desmopressin 6(25.0)

thyroid hormone 16(66.7)

sex hormone 4(16.7)

growth hormone 2(8.3)

mineralocorticoid 1(25.0)

PAL primary adrenal insufficiency; SAIL secondery adrenal insufficiency; *Time interval from adrenal insufficiency diagnosis to COVID-19; *P<0. 05 in

comparison between PAI and SAIL
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Fig 1 Acute phase symptoms of patients(n=28)
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Table 2 Laboratory indexes of patients[ X+s,M(Q,,0,) ]

parameters total (n=28) PAI(n=4) SAI(n=24) P value
potassium/ ( mmol/L) 3.7(3.6,4.2) 3.9(2.8,6.4) 3.7(3.6,4.0) 0.776
sodium/ ( mmol/L) 128.2+11.2 129.5+11.7 128.0+11. 4 0. 815
chlorine/ ( mmol/L) 97.4+8.5 95.8+5.0 97.7+9.0 0.679
caleium/ (mmol/L) (n=27) 2.2(2.1,2.3) 2.3(2.2,2.3) 2.2(2.12.3) 0.278
creatinine/ ( pmol/L) 75.0(53.0,131.2) 94.5(48.2,226.2) 75.0(56.0,108.5) 1. 000
glucose/ ( mmol/L) 5.3(5.1,6.2) 5.8(4.2,6.6) 5.3(5.1,6.1) 0.776
hsCRP/(mg/L) (n=26) 34.0(11.0,68.9) 89.9(81.2,167.4) 26.5(10.8,58.0) (n=23) 0.012"
white blood cell(x10°/L) 6.0(4.4,7.9) 9.9(3.7,13.3) 5.8(4.4,7.1) 0.235
lymphoeyte( x10°/L) 1.1(0.7,1.4) 1.2(0.9,2.4) 1.0(0.6,1.4) 0.262
neutrophil (x10°/L) 3.9(3.0,6.0) 7.6(1.4,11.4) 3.9(3.0,5.5) 0. 505
eosinophil (x10°/L) 0.01(0,0.04) 0.02(0.002,0.15) 0.01(0,0.38) 0. 635
hemoglobin/ ( g/L) 129. 6£20. 5 135.0+£36.9 128.8+17.6 0.322
platelet( x10° /L) 168.5+74. 4 183.8+81.9 166.0+74. 6 0. 667
PT/s(n=22) 13.442.2 14.6+3.6(n=3) 13.241.9(n=19) 0.315
APTT/s(n=22) 32.0(27.8,36.7) 40.8(31.4,58.5) 31.9(28.0,35.6) (n=19) 0. 464
fibrinogen/ (g/L) (n=22) 3.0+0.8 3.2+0.5(n=3) 3.0+0.8(n=19) 0. 464
D-dimer/ (mg/L FEU) (n=22) 0.8(0.5,1.5) 3.2(2.4,3.6) 0.6(0.5,1.4)(n=19) 0.014"

hsCRP. high sensitivity C-reactive protein; PT. prothrombin time; APTT. activated partial thromboplastin time; FEU. fibrinogen equivalent unit; “P<0. 05

in comparison between PAI and SAI.



JA¥ B R BTIREA G IT COVID-19 [ 5 Ml PR 15 52 K 3= 1295

2.5 BRERERSWH

Y B AR aE R o R U R IR AR S AR
AR I o 38 2 3 A R R i D A SR
(P<0.05), &M= AC IH 35 40 Bz i R It AR
i N =AY Y N e R =N e A (i
MAREAR RS LAE Lo A% 5 g IR M s 2 7K P-4
K /MK BAR  APTT 30K, 22 R A Gt 2# 8 X

(P<0.05) . HE ABENCER A% i ALEFH & 27 4
BRI E R E GER (KT 48 h) KU
W EAH G (P<0.05) o BLAN, #7046 A e W 21 (1] 52 R
—E 22 5, B I R 38 BIE G W 48 127 3 R K F-
(PHAT0.05~0.1) ,FEWLF 3~5 Fim, HapHL
SFAECALEE AL SRR Bl g
= M) 5 EINEER AC JCR E A,

®3 HAEERABRBHARESN

Table 3 Univariate analysis of occurrence of severe consciousness disturbance[ x+s,M(Q,,0,) ]

without severe consciousness

with severe consciousness

variable disturbance (n=20) disturbance (n=8) P value
age/year 43.8+14.8 60.5+13.7 0.011°
basal corticosteroid replacement dose/ ( mg/d) 15.0(6.2,20.0) 0(0,10.0) 0. 006 *
creatinine/ ( pmol/L) 66.5(49.2,108.5) 89.0(74.8,225. 8) 0. 063
*P<0. 05 in comparison between groups.
x4 REBLBREEABEERDN
Table 4 Univariate analysis of occurrence of adrenal crisis[ n( %) ,x+s,M(Q,,0,) ]

variable non-AC(n=38) AC(n=20) P value
basal corticosteroid replacement dose( mg/d) 27.5+24.3 7.5(0,15.0) 0.011*
consciousness disturbance 4(50.0) 18(90.0) 0.038"
systolic pressure on admission/mmHg 120. 1£20. 3 97.0+20. 6 0.012"
sodium/ ( mmol/L) 137.9+6.3 124.4+10. 5 0.002 "
hypochloremia 1(12.5) 12(60.0) 0.038*
neulrophil(xlOQ/L) 5.5(4.0,9.5) 3.6(2.6,4.7) 0.070
NLR 9.0(4.1,10.4) 2.9(1.6,5.5) 0. 055
eosinophil (x10°/L) 0.02(0.01,0.12) 0(0,0.02) 0.016"
platelet(x10°/L) 225.2+86.7 145. 8+56. 5 0.008 *
APTT/s 25.8(21.2,29.7)(n=5) 34.3(31.0,39.4) (n=17) 0. 006 *

AC. adrenal crisis; 1 mmHg=0. 133 kPa; NLR. neutrophil-to-lymphocyte ratio; APTT. activated partial thromboplastin time; *P<0. 05 in comparison be-

tween groups.
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Table 5 Univariate analysis of time of consciousness recovery(n=19)[n( %) ,x+s ,M(Q,,0,) ]

variable <48 hours(n=14) =48 hours(n=5) P value
hasal glucocorticoid replacement 12(85.7) 2(40.0) 0.084
systolic pressure on admission/mmHg 107.3£23.2 81.021.0 0.040"
creatinine/ ( wmol/L) 68.0(54.2,77.8) 140.0(89.0,286.0) 0.003 "
glucose/ ( mmol/1,) 5.3(4.6.5.6) 6.7(5.1,13.3) 0.056
white blood cell( x10°/L) 5.7«1.9 8.3+3.5 0. 052
PT/s 12.9+1.7(n=13) 14.6+2.2 0. 096
fibrinogen/ (g/L) 2.9+0.6(n=13) 3.7£1.0 0.034"
D-dimer/ ( mg/L FEU) 0.6(0.4,1.4)(n=13) 1.5(0.6,3.2) 0. 095

1 mmHg=0. 133 kPa; PT. prothrombin time; FEU. fibrinogen equivalent unit; “P<0. 05 in comparison between groups.



1296 Fmih PR 2 S R

Basic and Clinical Medicine

2024. 44(9)

3 it

2022 4F 12 A & 2023 4F 1 AP EZ 5 COVID-19
FKAT , BT e 1 O S A S 0 (BT A AE
P2 B L RS o B A 80T e A 9 %o A ke S5 it
FEAR A AR STy op g AN X AL A1)
COVID-19 Il RFFAE e V3 L2 ma P 2R 5%

ARMWFFE AN, B UL AT A R & # I GE
SAHALTERER S, Al & & A COVID-19 J5 & i 3
EIREEAY, 7E HAR—TE X AC BE R AL
29. 7% B R AT eIk T AR B 5T 45 21, IR i
e 7 R B A = & W] BB 5 SARS-CoV-2 5 3 AKX
MAERGEA X, ARER, WA RE R
) COVID-19 FB# 1E Bt I I 34 e JE 55 5 |
B gt R KU L BRI — BOAT R
COVID-19, Ji %% Y] 0C 7 #ift 28 2 Ge A IR, I in 5 i
JE B T e R e i T RE W

AW, Bk 71.4% Al # # 78 COVID-19
Je L AC, T A0 X b i 3 AR D AR & 3 3
Al BB TR B IR 5 KA AC, Hivp 2 51 JC LAY 37
S RE BRI B R R S Pl RE A
SARS-CoV-2 Xf JZ Jit B /3 WA i s i 43 2% . R A
e [E 1y 2 D aF s KB COVID-19 41 538 AR
48 h PR Il B JoT I W T ORI A HO RS
Rz T EE>T744 nmol/L 2 fR AL R B 5, H 55 — T/
FEAS COVID-19 F 58 I A WLES 21 b A B Jo 12 7
R, A0 ,32% COVID-19 3 1 38 2Pk AL
J BT <300 nmol/L) Mo L HE | AT SR & T
TR IE P A3 B R A PN IR T R IO T R X T Rk e
W, AC =K X AT ARSI ST b M R 5

SE Lk

[1] Alzahrani AS,Mukhtar N, Aljomaiah A, et al. The impact
of COVID-19 viral infection on the hypothalamic-pituitary-
adrenal axis[J]. Endocr Pract,2021,27. 83-89.

[2] Allolio B. Extensive expertise in endocrinology: adrenal
crisis[ J]. Eur J Endocrinol,2015,172: R115-R124.

[3] Yedinak C,Ross IL. Significant risk of COVID-19 and re-

lated-hospitalization among patients with adrenal insuffi-

PR IR AR BB/ AL B & 4 COVID-19
J& , B R AR B AE A AC XU, R B A
MY AL BB A IS ) R R OO B R L S R
i &2

R E R FEWARXT AL B # COVID-19 Bf 28
[ P 8 2 00 P A0 e PR S R L (H AR TR 9 R AT
A 1/3 (R ZTE COVID-19 Ji A B B2 FR i R
“ORIHELIN AR S R A SR R B
R LT FEAS R I PREE 9, (03X 0] B8 5 BF 58 AR A
BEUNG X, PEXT AL S F RN 2 F
ARpiE— 23 N R M AR A R =
B A= TR FH AR HEAL S5 4 fb 8 E 2UF I E ) B
SR D0 SE 0E <  U RLD ™ i SR ) Ak P ST
. H HE

ARHFFE 1 R BRI AR T, AR S BT e KA T B ) 45
i WIS REA BN SAL PAT 4H ] [ A5 ml REAE TR AR
BRI 285 5, Shyalit G T BE 19 52 i) PR 28 2 T R 14T 2
HE Logistic 7747, AW Fi2iH KPR =%
BT 2 R R s AR, WA R 5 T g
FEAEBERR IR AT, S A BOIR B AR A AC BB, MRS
WA 5 A PR VA R Rl A7 AR 5 B . OB e
FHSCREARAE AR A2, W% = AN 25 SR HERR i T
W B R B R

ZE F TR, AL &3 COVID-19 3 kA4 2R
15 AC R HE A 5, B X B T 38 2 g 300 e o
FEN AV N b e 2 T i B A NN T S
FEARS A R RS S AC AHOG, B A BB
JeE YA T R HUR K IR RS AE A2 aE AT £
FHHH % COVID-19 (1) Al FBHF LAY 6t
BHRTT , AR AC 1 & A FNBET KR

ciency: a large multinational survey[J]. Front Endocrinol
( Lausanne ) , 2022, 13. 1042119. doi: 10. 3389/fendo.
2022.1042119.

[4] Jensterle M,Herman R, Jane? A, et al. The relationship
between COVID-19 and hypothalamic-pituitary-adrenal
axis: a large spectrum from glucocorticoid insufficiency to

excess-the CAPISCO international expert panel[ J]. Int J



JA¥ B R BTIREA G IT COVID-19 [ 5 Ml PR 15 52 K 3= 1297

Mol Sci, 2022, 23 7326. doi:7310.3390/ijms23137326. 2017, 176, 329-337.
[5] Grinspoon SK, Biller BM. Clinical review 62 laboratory [11] Beghi E, Giussani G, Westenberg E, et al. Acute and

assessment of adrenal insufficiency[ J]. J Clin Endocrinol post-acute neurological manifestations of COVID-19.
Metab, 1994, 79. 923-931. present findings, critical appraisal, and future directions

(6] BARUESARERPL T I R G756+ [1]. [J]. J Neurol, 2022, 269; 2265-2274.

BE25, 2023, 18: 161-166. [12] Castinetti F, Amodru V, Brue T. Adrenal crisis may

[7] B M 2297 7 22 (RATEE L) (1], T E occur even in patients with asymptomatic COVID-19[ J].
BE24, 2022, 17 481-487. Endocr Pract, 2020, 26 929-930.

[8] Teasdale G, Maas A, Lecky F, et al. The Glasgow Coma [13] Suryadevara V, Merugu C, Perumal NL, et al. Adrenal
Scale at 40 years; standing the test of time[ J]. Lancet crisis in a patient with APS2 due to COVID-19; a case re-
Neurol, 2014, 13 844-854. port[ J]. J Family Med Prim Care, 2022, 11, 2228-2230.

[9] Perlis RH, Santillana M, Ognyanova K, et al. Prevalence [14] Tan T, Khoo B, Mills EG, et al. Association between
and correlates of long COVID symptoms among US adults high serum total cortisol concentrations and mortality from
[J]. JAMA Netw Open, 2022, 5.e2238804. doi: 10. COVID-19[ J ]. Lancet Diabetes Endocrinol, 2020, 8:
1001/ jamanetworkopen.2022.38804. 659-660.

[10] Ono Y, Ono S, Yasunaga H, et al. Clinical features and [15] Arlt W, Baldeweg SE, Pearce SHS, et al. Endocrinology
practice patterns of treatment for adrenal crisis: a nation- in the time of COVID-19; management of adrenal insuffi-
wide cross-sectional study in Japan[ J]. Eur J Endocrinol, ciency[ J]. Eur J Endocrinol, 2020, 183, G25-G32.

AHHEEFELXEK(3)

3.1 SEXE: mAHEXZRGBIRBH,
3011 FRARAEX.
[X#kF5]. Fh. XRML[]]. 718, B, 5. ZRA-1k
SPEANL B ERXEEN/ ST AR B Y% 3 LA mfg%;ﬁi%é,’s AL vh L AR5 AT 3 1%, )G
He“ T H et al.”
SGPXF) L B B X 2B PubMed A& X AL 4
#]:[1] Feinstone SM, Kapikian AZ, Purcell RH, et al. Transfusion-associated hepatitis not due to viral hep-
atitis type A or B [J] N Engl J Med, 1975, 292. 767-770.
(2] BT, 2/, BREXR,F. WERE N EH RN L BRI AETEGERN[]]. ARES
56 &, 2004, 24:633-636.
3.1.2 FR B
[tk A5 ] A k3 & A kA z[M]//%zf%r%(’x%%‘) EEB L ORKR(H I BRARF
F). B, B, RS AR LA -k
Bl (1] FHH. R0 ReAT iyéﬁ/\%i&m[M]//ﬁv B, B, RAA. S TaRAmF T HF
#FH E Ak, 2012 501-505.
3.1.3 FURETF]ALEER doi 7,
3.1.4 FIAEL®FERAFRINART  FARLAR, BEF P53 ART-AER.”,





