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Variable Univariate model

OR (95% CI) P value

/\ SBP (mmHg) 0.999 (0.976-1.023)  0.939
/\ DBP (mmHg) 1.016 (0.983-1.050)  0.349
/\ eGFR (mL/min/1.73 m?) 1.000 (0.979-1.022)  0.992
CKD (eGFR<60 mL/min/1.73 m®) 2.825 (1.123-7.110)  0.027

/\ SBP, changes in systolic blood pressure between pre-op and 1-month post-op; /A DBP,
changes in diastolic blood pressure between pre-op and 1-month post-op; /\ eGFR, changes
in diastolic blood pressure between pre-op and 1-month post-op; OR, odds ratio; CI,
confidence interval; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure;
DBP, diastolic blood pressure; CKD, chronic kidney disease.
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Characteristic

KCNJ5
wild type
(n=46)

eGFR decreased >30%, n (%)
eGFR<60 mL/min/1.73 m*(%)

Hyperkalemia, n (%)

€GER, estimated glomerular filtration rate.

11 (23.9)
9 (19.6)

5(10.8)

KCNJ5 P
mutant
(n=164)

19 (11.6) 0.035
13 (7.9) 0.027
5 (3.0) 0.028
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Variable Univariate model Multivariate model

OR(95% Cl) P OR(95%Cl) P

value value
Male sex 2135 (0927-4915)  0.075 1611 (0.615-4.225) = 0332
Age 1.035 (1.001-1.070) = 0.043 0.996 (0.947-1.049)  0.891

HT duration | 1.081 (1.034-1.131) = 0.001 1.085 (1.014-1.160) = 0.018

BMI 1111 (0.992-1.244) = 0.07 1.158 (1.000-1.341)  0.050
SBP 1.033 (1.008-1.057) = 0.008 1.037 (1.009-1.066) ~ 0.009
DBP 1.016 (0.984-1.049) = 0.339

Serum K* 0.775 (0.335-1.792) ~ 0.551

PAC 1.001 (1.000-1.003)  0.045 1.002 (1.000-1.003) ~ 0.031
PRA 1.159 (0.732-1.824)  0.524
eGFR 0.994 (0.974-1.013) = 0.513
KCNJ5 0.432 (0.189-0.988)  0.047 0.740 (0.277-1.973) | 0.547

HT, hypertension; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; PAC, plasma aldosterone concentration; PRA, plasma renin activity; eGER,
estimated glomerular filtration rate; OR, odds ratio; CI, confidence interval.
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Age (years) 34 (31-37)" 51 (47-55)%* 64 (61-67)%* <0.0001
Female (n, %) 38 (51.4) 45 (44.1) 12 (35.3) 02829
HT duration (years) 1.5 (0.5-4)"% 8 (4-13)%weer 15 (10-20)%+*+* <0.0001
BMI (kg/mz) 24541 240+28 B7x27 0.4451
SBP (mmHg) ‘ 146.5 (137-156) 141.5 (133-157) 154 (140-160) 0.0583
DBP (mmHg) 90 (83-97)"* 85 (80-94) 84 (79-90)%*** 0.0025
PAC (pg/mL) 314.6 (219.8-416.5) 296.9 (218.8-446.6) 345.8 (235.8-489.7) 06119
Urinary aldosterone 23 (17.3-72.5) 21.7 (16-67.6) 19.3 (13.6-30.6) 0.2835
(ug/24 h)

PRA (ng/mL/h) 0.28 (0.14-0.58) 0.29 (0.15-0.67) 0.28 (0.15-0.66) 0.9436
Serum Na* (mmol/L) 141 (134.8-143) 141 (140-143) 142.5 (141-144) 0.0547
Serum K* (mmol/L) 316+ 04 31704 32+06 09445
Hypokalemia (n, %) 63 (85.1) 78 (76.5) 30 (88.2) 0.1853
KCNJ5 mutation n (%) 62 (83.8) 82 (74.5) 20 (58.8)%* 00198
eGFR (mL/min/1.73 m?) 115.8 (107.6-120.2)"* 101 (86.8-107.7)"**** 86.8 (70.5-97.8) %+ <0.0001

Values are expressed as means + standard deviations, medians (interquartile ranges), or numbers (%). HT, hypertension; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; PAC, plasma aldosterone concentration; PRA, plasma renin activity; eGFR, estimated glomerular filtration rate. “<40 vs. 40-60, *40-60 vs. 260, *<40 vs. 260, ****P<0.0001, ***P<0.001,

**P<0.01, *P<0.05.
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<4

SBP (mmHg)
Short-term 3.8 £ 14.1 31175 0.9+ 178 0.8315
Long-term 20.5£223 142 £ 19.7 13+182 0.2906
DBP (mmHg)
Short-term 07 £127 28 £ 121 2498 0.9048
Long-term 11317 7.5+ 126 6.7+73 0.3567

eGFR (mL/min/1.73 m?)

Short-term 94 +£157 9.9 + 16,5 11.1 £ 159 0.9207
Long-term 14.8 + 14.8 15+ 154 17.6 £ 159 0.7682

Short-term: pre-operation-1-month post-operation; long-term: pre-operation-5-years post-
operation. eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; DBP,
diastolic blood pressure.
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iology  Example

Autoimmunity  Autoimmune primary adrenal insuficiency
Autoimmune polyendocrine syndrome type-2
Autoimmune polyendocrine syndrome type-1

Infection Tuberculosis (Mycobactera)
Septic shock, Meningococeal sepsis
Bacteria (Neisseia meningitdis, Haemophilus influenzae,
Prcudomonas aeruginosa)
Virus (HIV, Herpes Simplex Virus, Cytomegalovirus)
Fungi (Preumocystis iroveei)

Tumour Primary tumours
Metastatic cancers
Adrenl lymphoma

Infilication Amyloidosis
Haemochromatasis
Sarcoidosis
Histocytosis
Adrenal Anti-phosphalipid syndrome
Hemorrhage  Disserninated intravascular cosgulation

Anticosgulant therapy

Traumal Tumour surgery
Surgery Bilateral adsenalectomy (e, Cushing’s syndrome)
Radical nephrectomy

Genetic Congenital adrenal hyperplasia
‘Congenital lipoid adrenal byperplssia
Adrenoleakodystrophy (X-linked)

Keams Sare Syndrome

Smith-Leni Otz Syndrome

ACTH resisance (famila lucocorticoid deicincy type 1
(il gucocorticoid defciency type 2)

Adrenal Adrenl bypoplasia congenita
Dysgenesis
Medication  Ketoconazole, Huconazole, Etomidate, Mitotane,

Aminoglutethimide, Metyrapone, Ritampin, Phenytoin,
Phenobarbital, Mifepristone.
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C-GC therapy DR-HC therapy

Parameter

SIEMEES (n=13) (n=14)
Age (years) 595+ 114 49.8 +15.0 0.070
Male sex (n, %) 3(23.1) 5(35.7) 0.678

Disease etiology/subtype

Tsolated AD (n, %) 2 (15.4) 3(214)
1.000

APS type 2 (n, %) 11 (84.6) 10 (71.4)

APS type 4 (n, %) 0(0.0) 1(7.1)
Disease duration (years) 15.5 + 129 17.8 + 9.4 0.631
Current treatment duration (years) * 5.0 [3.6-8.4] * 7.0 [4.0-8.0] * 1.000 *
HCeq dose (mg/day) 200 +3.7 22.1+38 0.149
Current smoking (n, %) 0(0.0) 0 (0.0) NA
Weight (kg) 62.6 £ 11.9 65.7 £10.0 0.483
BMI (kg/mz) 243 +43 23627 0.637
Creatinine (mg/dL) 0.88 + 0.20 0.78 £0.21 0.225
Glucose (mg/dL) 90.8 + 31.7 79.4 +17.3 0.252
HbAlc (mmol/mol) 46.1 +13.0 353+7.1 0.012
Calcium (mmol/L) 2.37£0.12 2.38 £ 0.30 0.932
Urinary calcium (mmol/24h) 3.16 + 1.60 3.54 £2.11 0.606
Phosphate (mmol/L) 1.15 £ 0.22 1.17 £0.16 0.740
Urinary phosphate (mmol/24h) 19.00 + 8.40 20.61 £10.21 0.660
PTH (ng/L) 279£72 245+ 87 0.270
25(0H)D (ug/L) 390 + 8.1 333+ 114 0.151
BAP (ug/L) 124 £ 4.1 108 + 2.6 0.255
Osteocalcin (Ug/L) 219 +32 255+ 65 0.083
Urinary crosslinks (nmol/mmol of Cr) 26.6 £9.1 298 £17.1 0.556
Lumbar spine T-score -2.01 £ 1.51 -1.10 + 1.04 0.080
Total hip T-score -1.47 + 0.89 -1.26 + 0.62 0.489
Femoral neck T-score -1.85 + 1.02 -1.39 + 0.67 0.167
Lumbar spine Z-score -1.13 £ 1.20 -0.44 £ 0.97 0.122
Total hip Z-score -0.86 + 0.77 -0.70 + 0.70 0.586
Femoral neck Z-score -1.10 £ 0.50 -0.65 + 0.78 0.099
Lumbar spine BMD (g/cmz) 0.791 + 0.195 0.942 +0.124 0.025
Total hip BMD (g/cmz) 0.752 + 0.128 0.820 + 0.091 0.128
Femoral neck BMD (g/cmz) 0.633 + 0.114 0.716 + 0.088 0.045
Trabecular bone score 1.236 £ 0.035 1.383 £ 0.030 0.004
Prevalence of vertebral fractures (%) * 25.0 0 0.085
Mean n. of fractures per patient > 075 0c 0.002

“Data reported as median [IQR] and tested for differences with Mann-Whitney U-test due to the non-normal distribution of the considered parameter according to Kolmogorov-Smirnov test; b
Missing data in one patient treated with conventional glucocorticoid therapy; © Count-type data tested for differences by exact Poisson regression.

25(0H)D, 25-OH vitamin D; AD, Addison’s disease; APS, autoimmune polyendocrine syndrome; BAP, bone alkaline phosphatase; BMD, bone mineral density; BMI, body mass index; C-GC,
conventional glucocorticoid; Cr, creatinine; DR-HC, dual-release hydrocortisone; eGFR, estimated glomerular filtration rate; HCeq, hydrocortisone equivalent; n, number; NA, not applicable;
PTH, parathyroid hormone.

Bold values indicate statistically significant results.
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Adjusted p-value for difference between treatment groups

Crude p-value

for difference

: Adjustment o : :
Depebr:dent between iletrent Adjustment fo: T Adjustment = Adjustment = Adjustm
variable e fJ for disease for HCeq  for25(0OH)D = for HbAlc
or age : treatment

groups duration Jiiaien dose levels levels
Litbarspme 0.025 0.045 0.024 0.052 0.047 0.047 0.008
BMD (g/em?) ) . ! ; : : :
Femoral neck 0.045 0.108 0.021 0.135 0.082 0.107 0.032
BMD (g/em?) # ‘ & < : & &
Trabecular bone 0.004 0.023 0.007 0.020 0.007 0011 0.006
score
Mean n. of
fractures per 0.002 0.029 0.013 0.004 0.004 0.008 0.002
patient

25(0OH)D, 25-OH vitamin D; BMD, bone mineral density; n, number.
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Patients without vertebral fractures Patients with vertebral fractures

Parameter (n = 23) e o) p-value
Age (years) 52.7 £ 143 67.7 £4.2 0.087
Male sex (n, %) 7 (30.4) 1(33.3) 1.000

Disease etiology/subtype

Tsolated AD (n, %) 4(17.4) 1(33.3)
0.562

APS type 2 (n, %) 18 (78.3) 2 (66.7)

APS type 4 (n, %) 1(43) 0(0.0)
Disease duration (years) 15.0 + 10.2 30.7 £ 10.1 0.021
Current treatment duration (years) * 6.0 [3.4-8.0] * 9.7 [3.0-32.0] * 0.322
HCeq dose (mg/day) 21.6+37 200 + 0.0 0.456
Current smoking (n, %) 0 (0.0) 0(0.0) NA
Weight (kg) 64.6 + 11.1 64.0 £11.5 0.927
BMI (kg/mz) 240+ 34 244 £54 0.845
Creatinine (mg/dL) 0.80 + 0.18 1.00 + 0.34 0.115
Glucose (mg/dL) 84.9 + 26.6 85.0 +24.9 0.994
HbAlc (mmol/mol) 403 + 114 44.0 £16.5 0.614
Calcium (mmol/L) 239+ 024 2.26 +0.09 0.341
Urinary calcium (mmol/24h) 343 £ 176 2.06 +£241 0.233
Phosphate (mmol/L) 119 £ 0.18 1.01 £ 0.22 0.119
Urinary phosphate (mmol/24h) 19.64 £ 8.78 20.17 + 15.98 0.929
PTH (ng/L) 25276 339 +10.1 0.083
25(0H)D (ug/L) 354 + 10.6 414 +88 0.353
BAP (ug/L) 116+ 3.6 123422 0.740
Osteocalcin (Ug/L) 243+56 195 +3.1 0.160
Urinary crosslinks (nmol/mmol of Cr) 29.8 + 14.1 208 £6.2 0.293
Lumbar spine T-score -1.32+£1.18 -320 £ 1.92 0.022
Total hip T-score -1.32£0.75 -1.93 £0.57 0.190
Femoral neck T-score -1.49 +0.83 -273 £0.12 0.018
Lumbar spine Z-score -0.62 = 0.98 -1.80 + 1.77 0.085
Total hip Z-score -0.75 + 0.76 -0.97 £0.25 0.629
Femoral neck Z-score -0.80 £ 0.72 -127 £0.25 0.285
Lumbar spine BMD (g/cmz) 0.889 + 0.168 0.740 + 0.212 0.170
Total hip BMD (g/cmz) 0.802 + 0.113 0.688 + 0.039 0.101
Femoral neck BMD (g/cmz) 0.695 + 0.102 0.545 + 0.013 0.019
Trabecular bone score 1.343 £ 0.117 1.098 + 0.096 0.002

“Data reported as median [IQR] and tested for differences with Mann-Whitney U-test due to the non-normal distribution of the considered parameter according to Kolmogorov-Smirnov test
25(0H)D, 25-OH vitamin D; AD, Addison’s disease; APS, autoimmune polyendocrine syndrome; BAP, bone alkaline phosphatase; BMD, bone mineral density; BMI, body mass index; n,
number; Cr, creatinine; eGFR, estimated glomerular filtration rate; HCeq, hydrocortisone equivalent; n, number; NA, not applicable; PTH, parathyroid hormone.

Bold values indicate statistically significant results.
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Laboratory test  Case 1 Case2 Reference range

Hospitalized Discharge Hospitalized Discharge
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Albert
et al,
2001 (25)

Shibata
et al,,
2001 (21)

Krishnan
etal,
2006 (18)

St Clair
etal,
2012 (26)

Freyer
etal,
2022 (27)

Miller
etal,
2017 (28)

Araque
etal,
2020 (29)

Villar-
Prados
etal,
2021 (30)

Nalla
etal.,
2017 (31)

66,
female

63, male

38, male

52, male

70,
female

63, male

65, male

56, male

72,
female

Antifungal

implicated

Fluconazole of
200-400 mg
daily

Fluconazole of
200 mg daily
(days 1-8 of
admission)
From day 16,
Fluconazole
restarted at
400 mg daily

Fluconazole of
400 mg daily

Fluconazole of
400 mg daily
Inhaled
fluticasone
was stopped
concurrently

Fluconazole of
400 mg daily

Posaconazole
of 300 mg
daily

Posaconazole
of 500 mg
daily

Posaconazole
of 300 mg
daily

Patient was
subsequently
switched to
fluconazole of
800 mg daily

Itraconazole
of 200 mg
daily

Evaluation for
adrenal insufficiency
(A

SST before fluconazole:

*  B. cortisol of 516 nmol/
L

* P. cortisol of 773 nmol/
L

SST after 9 days on
fluconazole:

* B. cortisol of 408 nmol/
L

* P. cortisol of 464 nmol/
L

No ACTH values

SST after 8 days on
fluconazole (200 mg daily):
* B. cortisol of 276 nmol/
L

* P. cortisol of 662 nmol/
L

Patient rechallenged with
fluconazole (400 mg daily).
SST after 5 days of
restarting:

* B. cortisol of 166 nmol/
L

* P. cortisol of 414 nmol/
L

No ACTH values

SST before fluconazole:

* P cortisol of 663 nmol/
L

SST after 2 days on
fluconazole:

* B, cortisol of 45 nmol/L
* P, cortisol of 375 nmol/
L

No ACTH values

SST less than 1 week after
starting fluconazole and
stopping inhaled
fluticasone:

*  B. cortisol of 47 nmol/L
*  P. cortisol of 353 nmol/
L

* ACTH of <5 ng/L

SST after 67 days on
fluconazole

* B. cortisol of 116 nmol/
L

*  P. cortisol of 353 nmol/

*

ACTH of 96.7 ng/L

SST after 2 months on
posaconazole:

* B. cortisol of 52 nmol/L
* P. cortisol of 113 nmol/
L

* ACTH of 154.6 ng/L

Blood tests done on
dexamethasone of 3 mg
daily and indeterminate
duration of posaconazole:

*  B. cortisol of 11 nmol/L
* ACTH of 3.4 ng/L

* Sodium of 130 mmol/L
*  Potassium of 5.1mmol/L
* Renin 16.7 of ng/ml/h

* Aldosterone of 1.6 ng/dl

SST after 5 months on
Posaconazole:

*  B. cortisol of 160 nmol/
L

* P. cortisol of 198 nmol/

=

ACTH of 168 ng/L

Blood tests done after 2
years of itraconazole:

* Random cortisol of 4
nmol/L

* ACTH of <10 ng/L

MRI pituitary normal

Calcium
level

Type of Al

Unknown Not
reported

Unknown Not
reported

Unknown Not
reported

SAI (possibly Not

potentiation of reported

fluticasone effect

due to ritonavir),

aggravated by PAI

induced by

fluconazole

PAI Not
reported

PAI 2.13 mmol/
L

PAI induced by Not

posaconazole, on reported

background of

SAI from

dexamethasone

PAI Not
reported

SAI (possibly Not

potentiation of reported

fluticasone effect
due to
itraconazole)

Other relevant
history/precipitants

Admitted for septic
shock secondary to
staphylococcus aureus
bacteremia and left knee
septic arthritis

Multiple myeloma
Received VAD regimen
(vincristine, doxorubicin,
and dexamethasone)
Underwent peripheral
stem cell harvesting after
receiving high dose
cyclophosphamide

Hypercapnic respiratory
failure secondary to
pneumonia

On ritonavir, atazanavir
and efavirenz

for HIV infection

On inhaled fluticasone
propionate (250 mg twice
daily) for chronic
bronchitis

B-cell acute
lymphoblastic leukemia,
underwent allogenic
hematopoietic cell
transplantation

Chronic myelomonocytic
leukemia

Had intermittent steroid
injections into his spine.
Last steroid injection 3
months before
presentation

Hemophagocytic
lymphohistiocytosis on
dexamethasone

Chronic disseminated
coccidioidomycosis

Allergic
bronchopulmonary
aspergillosis

On Seretide evohaler
(fluticasone of 500 pg
and salmeterol of 50 ug)
daily for asthma

Outcome

Normalization of peak
SST response 4 days
after stopping
Fluconazole:

* B. cortisol of 499
nmol/L

*  P. cortisol of 568
nmol/L

* ACTH of 60 ng/L

Continued on
fluconazole prophylaxis
with concurrent
corticosteroid
supplementation

Normalization of peak
SST response 10 days
after stopping
fluconazole:

*  B. cortisol of 38
nmol/L

*  P. cortisol of 662
nmol/L

No follow up of the
HPA axis reported

Fluconazole was initially
stopped and switched to
caspofungin. Fluconazole
was later restarted with
concurrent
hydrocortisone
supplementation.

SST 31 days after
fluconazole was
restarted:

* B. cortisol of 268
nmol/L

*  P. cortisol of 339
nmol/L

* ACTH of 123.5 ng/L

Normalization of peak
SST response 1 year after
stopping posaconazole:

* B. cortisol of 138
nmol/L

*  P. cortisol of 510
nmol/L

* ACTH of 34.1 ng/L

One month after
stopping posaconazole,
B. cortisol, and ACTH
showed recovering HPA
axis

*  B. cortisol of 359
nmol/L

* ACTH of 53.9 ng/L

SST after 7 months on
Fluconazole showed
persistent
hypocortisolism:

*  B. cortisol of 5.5
nmol/L

*  P. cortisol of 22
nmol/L

* ACTH of 34 ng/L

* Renin of 2.6 ng/ml/h
* Aldosterone of <4.0
ng/dl

No follow up of the
HPA axis reported

PAI primary adrenal insufficiency; SAL, secondary adrenal insufficiency; HPA, hypothalamic-pituitary-adrenal axis; ACTH, adrenocorticotropic hormone; B. cortisol, basal (non-stimulated)

cortisol; P. cortisol, peak cortisol response after 250 mcg of Synacthen (cosyntropin) stimulation test; SST, 250 pg of Synacthen (Cosyntropin) stimulation test.
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Hormone Treatment

replacement

therapy
Hydrocortsonc: Tabets
Aduls 18 years or olde) £ 10:25 mg diy dose:
(in 24 dose9)

Examples: 10mg + Smg + Smg,
7.5mg + Smg + 25,

10mg + Smg + 25mg,

10mg + 10mg,

10mg + Smg + Smg,

10mg + Smg + Smg + Smg
Children-Adolescents (up to 18): 510 mg/m? in
3.4 doses, 50-66% in morning dose)
Modified elease
Aduls (18 years or o)+ 15-25 mg once daily
Capsues
Chikdren-Adolescents (up 10 18) 8-10 mg/im? (in
3.4 doses, 50-66% in morning dose)

Fludrocortisone'” (Only given in primary adrenal insuffciency)!
Aduls (18 years or oder) : 005-020 mg once
daily
Chikdren with 6-17 years of sge: 0075-0.100 mg/
 once daily
Chikdren with 1-12 years of age: 0100-0.150 m/
n? once daily
Infants (up to 2 years of age): 0150 mg/m’ once.
daily

“Hydrocorisone for glucocoricoid substiuton, **Fdrocortione for mincrslocoticoid
eabattation. Toenttssnt of advesnl crile 1o ot Sachact e the Wbl
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- Sources of Behaviour
TDF Domains
- Intervention Functions

Policy Categories

Theoretical Domains Framework (TDF)

(14 domains from 33 behavioural change/psychological theories)

Soc — Social Influences

Env — Environmental Context & Resources
Id — Social/Professional Role & ldentity
Bel Cap — Beliefs about Capabilities

Opt — Optimism

Int — Intentions

Goals — Goals

Bel Cons — Beliefs about Consequences
Reinf — Reinforcement

Em — Emotion

Know — Knowledge

Cog — Cognitive & Interpersonal Skills Training
Mem — Memory, Attention & Decision Processes
Beh Reg — Behavioural Regulation .
Phys — Physical Skills Service provision
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Inclusion MME Diagnostic Criteria Prevalence of OAIl
Criteria* dose,

median
mg
(range)

Cross-Sectional Studies

Li, 2020 (8) 102 | Intermittent or 60 (3-840) Serum ACTH <16 pg/mL (3.5 pmol/L), morning cortisol < 11 9% overall; 6% based on cortisol,

continuous mcg/dL (303.5 nmol/L), DHEAS < 26 mcg/dL (90.1 nmol/L), serum ACTH, and DHEAS, 3% also
opioid use for the DHEAS <26 mcg/dL, ACTH'** stimulation test with peak cortisol | based on stimulation test
last 90 days < 18 mcg/dL (496.6 nmol/L)
Lamprecht, 40 | Opioid use >6 74 (25-265)  ACTH'* stimulation test with peak cortisol cortisol < 18 mcg/dL | cortisol < 18 mcg/dL (496.6 nmol/L)
2018 (9) months, (496.6 nmol/L), overnight metyrapone stimulation test (30 mg/kg)
225 mg MEDD
Gibb, 2016 48 Opioid use >6 68 (40-153) ACTH"?* stimulation test with peak cortisol <15.6 mcg/dL (430 6.25% based on stimulation test, 8.3%
(10) months nmol/L), with low morning cortisol

8 AM cortisol <3.62 mcg/dL (100 nmol)

Retrospective Studies

Colling, 75 | Opioid use >30 83 (23-193) ACTH'?* stimulation test with two different peak cortisol cutoffs: | 4% with <14.7 mcg/dL (405 nmol/L)
2022 (11) days 1. with peak cortisol <14.7 meg/dL (405 nmol/L) 18.7% with <18.1 meg/dL (500 nmol/
2. <18.1 mcg/dL (500 nmol/L) L)

Merdin, 20 | 225 mg MEDD 180 (10-420)  Serum cortisol < 4.3 mcg/dL (118.6 nmol/L) cortisol < 4.3 meg/dL (118.6 nmol/L)
2016 (12) for 21 month for

cancer pain and

VAS <2
Abs, 2000 73 Intrathecal opioid | 4.8 (0.6-15) 24h UFC <20 mg/L, 19.7% based on 24h UFC, < 20 mcg/
(5) therapy ITT <180 pg/L dL (551.8 nmol/L) ITT peak cortisol

< 18 [not 180] mcg/dL [not mcg/L]
(496.6 nmol/L)

*Patients with noncancer pain unless otherwise noted.
ACTH, adrenocorticotrophic hormone; DHEAS, dehydroepiandrosterone sulfate; ITT, insulin tolerance test; MEDD, morphine equivalent daily dose; MME, morphine milligram equivalent;
OAL, opioid-induced adrenal insufficiency; UFC, urine [not urinary] free cortisol ; VAS, visual analog scale.
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BCW Stage 1: Understanding
the target behaviour

BCW Stage 2:

intervention options

BCW Stage 3: Identify content
and implementation options

Design digital intervention

Identify
(Person-Based Approach)

L E:::\:;:faﬂ:lr’::;“ in 5. Identify intervention functions 7. Identify behaviour change “Think aloud” technique, “Agile”
techniques (BCTTv1) methodology & usability testing
: BCW matrix: drawing from NGT findings
2. Select the t: t beh N g g
elect the target behaviour mapping COM-B/TDF to 8. Identify mode of delivery
3. Specify the target behaviour intervention functions
i i q . . . Nominal Group Technique Iteration 1: Creating guiding
. ldentify what needs to 6. Identify policy categories Advisory Intervention Panel principles and develop low

change (COM-B & TDF)

BCW matrix:

Qualitative study (focus groups
interviews with patients with Al)

-
Develop and pilot the TDF Belief
Statements questionnaire

<

Quantitative study (cross-

sectional survey with patients
with Al, UK & internationally)

KEY: Al: Adrenal Insufficiency; BCW: Behaviour Change Wheel; COM -B:

mapping policy categories to
intervention functions

(N=10-15) selects the most
acceptable BCTs to address self-
management target behaviours

fidelity prototype

Iteration 2: Agile methodology
with modular design sprints and
APEASE Criteria evaluation testing

Review each BCT against

Affordability, Practicability,

Effectiveness, Acceptability,

Safety, Equity

-

Iteration 3: Task-based and user
journey evaluation activities

Capability, Opportunity, Motivation—Behaviour; TDF: Theoretical Domains Framework; NGT: Nominal Group Technique.
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Nenke,
2015
(30)

Li, 2020
(31

Gibb,
2016
(10)

Kondo,
2022
(34)

Debono
2011
(35)

Study Type N

Randomized, 17
double-blind,

placebo-

controlled

crossover

Retrospective 40
cohort

Prospective, 2
cross-sectional;
reports on

patients who did

not pass

ACTH'?*
stimulation test

Case report 1

Case report 1;

Opioid
Use*
MEDD 220
mg for >4
weeks (47%
20-50 mg,
53% >100 mg)

Median MME
105 mg/d
(range, 60-
200) for
median 96
months
(range, 24-
120)

39-year-old
female on 185
mg/d MME
37-year-old
female on 100
mg/d MME

46-year-old
female on 90-
120 mg/d
MME for 48
months
(transdermal
fentanyl)

21-year-old
female on 100
mg tramadol
4x/d

*Patients with noncancer pain unless otherwise noted.
MEDD, morphine equivalent daily dose; MME, morphine milligram equivalent; OAL, opioid-induced adrenal insufficiency.

OIA Assessment

Plasma cortisol <12.7 mcg/dL
(350 nmol/L) after cold pressor
test

Low AM cortisol, DHEAS, and/
or ACTH (59%); peak cortisol

<= 18 mcg/dL (496.6 nmol/L)
after ACTH'?* stimulation (41%)

Peak cortisol <437 nmol/L (15.9
mcg/dL) after ACTH'>*
stimulation

60-minute cortisol 15 mcg/dL
(413.8 nmol/L) after ACTH' !
stimulation; AM ACTH 4.7 pg/
ml (1 pmol/L), AM cortisol 2.1
mcg/dL (57.9 nmol/L), DHEAS
39 mcg/dL (135.2 nmol/L)

30-min cortisol 307 nmol/l and
60-min cortisol 419 nmol/l after
ACTH'"*" stimulation; AM
ACTH 9.7 ng/L

Intervention

28 days of 10 mg/
m?/d oral
hydrocortisone
TID or placebo, 2-
week washout,
then crossover for
28 days

Hydrocortisone
(95%) or
prednisone (5%);
dose not reported

Hydrocortisone 10
mg AM/5 mg PM

Hydrocortisone 15
mg/d

Outcomes

Improvement in bodily
pain and vitality on SF-
36; improvement on
general activity, mood,
and work on Pain
Interference Score

Improvement in
fatigue, musculoskeletal
pain, and weight loss

Improvement in
lethargy and fatigue

Partial improvement in
fatigue, appetite, and
vitality

Follow-up

Not reported

Symptomatic
improvement in 70% of
patients with clinical
follow-up, resolution of
OAI in 70% of patients
with biochemical follow-

up

Not reported

Unable to taper off
opioid; hydrocortisone
continued
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Patient Time to onset
age/sex after infection

Study (ref. no.)

Presentation Results of investigations Diagnosis

Secondary adrenal insufficiency

Kenya et al. (17) 23/F 1 month Fatigue, « Basal cortisol 226.24 nmol/L; ACTH 1.08 pmol/L Secondary
nausea, vomiting « hypocortisolism was confirmed with insulin tolerance adrenal
test. insufficiency

« MRI pituitary: normal.

Central diabetes insipidus

Sheikh et al. (18) 28/M 1 month Polyuria, polydipsia, « 24-hr urine volume 7 L. DI with
increased thirst « Serum sodium 153 mmol/L; paired serum and urine concomitant
osmolality 300 and 93 mOsm/kg, respectively; urine myocarditis

sodium 16 mOsm/kg.
« MRI brain: normal.

Yavari et al. (19) 54/F 6 weeks Thirst, « 24-hr urine volume 13.3 L. CDI
polyuria, polydipsia « Serum sodium 144 mmol/L; paired serum and urine
osmolality 298 and 164 mOsm/kg, respectively.
«  Urine osmolality 810 mOm/kg after intravenous
desmopressin administration test.
« MRI pituitary: normal.

Misgar et al. (20) 60/F 8 weeks Polyuria « 24-hr urinary volume 6 L. cpI
« Serum sodium 152 mmol/L; paired serum and urine
osmolality 300 and 177 mOsm/kg, respectively.

« MRI pituitary: enlarged pituitary with absent posterior
pituitary bright spot on T1-weighted images; thickening

of pituitary stalk.
Pituitary apoplexy
Liew et al. (21) 75/M 1 month Sudden onset severe « FT4 6.9 pmol/L (reference range: 10.5-24.5), TSH 0.1 Pituitary
frontal headache mU/L (0.27-4.2), cortisol 57 nmol/L (133-537), apoplexy
testosterone <0.5 nmol/L (6.7-25.7), LH <1.0 U/L (1.7- with
8.6). hypopituitarism

«  MREI: pituitary macroadenoma with
recent hemorrhage.

Hypothalamic hypogonadism

Soejima et al. (22) 36/M 99 days Insomnia, headache, « Free testosterone 19.09 pmol/L (22.56-61.42), FSH 4.2 = Hypothalamic
dysgeusia, alopecia TU/L (1.3-17), LH 3.0 TU/L (0.52-7.8). hypogonadism
« MRI pituitary: partially empty sella.
Facondo et al. (17) 36/F 6 months Secondary amenorrhea « Estradiol <91.77 pmol/L (91.77-921.42), FSH 3.85 IU/ = Hypothalamic
L (3.0-8.0), LH 0.29 IU/L (1.8-11.78), TSH 1.71 mIU/L amenorrhea
(0.27-4.2).

« GnRH analog test: normal response.

« TRH test: delayed response

«  MRI brain and pituitary: uncertain pituitary
microadenoma 3 mm.

Lymphocytic hypophysitis

Joshi et al. (23) 18/F 3 weeks Acute onset headache « Hormonal workup: within normal limits. Lymphocytic
«  MRI brain: diffuse thickening and enlargement of the  hypophysitis
infundibulum with homogenous contrast enhancement.

Gorbova et al. (24)* | 35/F 2 months Symptoms « Hormonal workup: hypothyroidism, hypocorticism,  Hypophysitis
of hypopituitarism hypogonadism. and
+  MRE hypophysitis. reversible

hypopituitarism

Primary adrenal insufficiency

Eskandari et al. (25) | 18/M 2 weeks Severe weakness, acute |« Serum sodium 129 mmol/L; 8 am cortisol 38.63 nmol/  Autoimmune
chest pain, hypotension | L; ACTH 396 pmol/L. PAI
« Cortisol levels at baseline and 60 min after 250 g and
ACTH stimulation test were 49.67 and 281.42 nmol/L, myocarditis
respectively.

« Anti-21-hydroxylase antibody: positive.

Machado et al. (26) 46/F 3 weeks Malaise, nausea, + CT abdomen: adrenal infarction. PAI with
vomiting, bilateral
hyperpigmentation, adrenal
postural hypotension infarction

Sanchez et al. (27) 65/F 5 months Abdominal pain « Serum sodium 117 mmol/L Autoimmune
nausea, vomiting, « Cortisol at baseline 71.73 nmol/L; ACTH at baseline PAI
weight loss 427.68 pmol/L

« Cortisol at baseline, 30, and 60 min in 250 pg ACTH
stimulation test were 63.46, 80.01, and 71.73 nmol/L,
respectively

« Anti-21-hydroxylase antibody: present.

« CT abdomen: unremarkable.

ACTH, adrenocorticotropic hormone; CDI, central diabetes insipidus; CT, computer tomography; DI, diabetes insipidus; F, female; FSH, follicle-stimulating hormone; FT4, Free thyroxine;
GnRH, gonadotropin-releasing hormone; hr, hour(s); LH, luteinizing hormone; M, male; MRI, magnetic resonance imaging; min, minutes; no., number; PAI primary adrenal insufficiency; TRH,
thyrotropin-stimulating hormone; ref, reference; TSH, thyroid-stimulating hormone.

20nly the abstract was available in English.
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Baseline characteristics

Sex (female) (number, %) 17 (41.5%)
Age (years) (mean and SD) 57.1 (13.7)
BMI (kg/m?) (mean and SD) 29.4 (6.4)
Obesity (number, %) 29 (70.7%)
Diabetes mellitus (number, %) 13 (31.7%)
Hypertension (number, %) 23 (56.1%)
Cardiovascular disease (number, %) 1 (2.4%)

COVID-19 severity (WHO category) (number, %)

Critical 0
Severe 41 (100%)
Non-severe 0

Symptoms (number, %)

Fever

Upper respiratory
tract involvement

14 (34.1%)

34 (82.9%)

Diarrhea 7 (17.1%)
Dyspnea 3 (7.3%)
Fatigue 8 (19.5%)
Rash 2 (4.9%)

Treatment (number, %)

Dexamethasone 15 (36.6%)
Favipiravir 38 (92.7%)
Sotrovimab 3 (7.3%)
Convalescent plasma 6 (14.6%)

BMI, body mass index; CRP, C-reactive protein; IQR, interquartile range; WHO, World

Health Organization.
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Cortisol level in CST

Patient ID Trenent Cumulative dose Pel'fsistent (nmol/L)

of Dex (mg) fatigue . 30 60

Baseline B :

No. 1 73 M 2 Fa, C None [ ves 199.5 335 2566 1280
No. 2 29 M 2 Fa, C None No 2108 2958 | 2188 | 19.07
No. 3" 33 M NA Fa None Yes 106.5 1967 | 3286 | 625
No. 4 63 M 4 S None No 2845 3898 2682 3278
No. 5" 51 M NA Fa None No 2309 3349 3007 629
No. 6 16 F 1 Fa, Dex 60 Yes 3518 3816 2952 | 6.05
No.7 67 F 2 Fa, Dex 60 Yes 280.6 2831 3907 | 370
No. 8 21 M 2 Fa, C None Yes 84.1 4020 | 2502 541
No. 9 34 F NA Fa, Dex 60 No 1653 3799 | 2853 9.00
No. 10 67 F 1 Fa, Dex 60 No 160.6 35001 2422 664
No. 11 71 F 6 Fa, Dex 60 Yes 1128 3383 3468 282

ACTH, adrenocorticotropic hormone; C, convalescent plasma; CST, corticotropin stimulation test; CT, computer tomography; Dex, dexamethasone; F, female; Fa, favipiravir; ID, identification
number; mg, milligrams; M, male; NA, not available; No, number; S, sotrovimab.

*CO-RADS classification.

PPatients who still had hypocortisolism when the cut-off for low dose corticotropin stimulation test was 345 nmol/L.
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Patients with Patients without

o S gy Crude OR Adjusted OR
cteristic hypocortisolism hypocortisolism 95% Cl) (95% Cl)
(n=11) (n=30) - -
Sex, female 5 (45.5%) 12 (40.0%) 1.25 (0.31-5.04) 0.754
Age, years (IQR) 51 (33-67) 62 (59-65) 0.95 (0.91-1.00) 0.067 1.04 (0.96-1.12) 0.380
BMI, kg/m? (IQR) 34.96 26.3 (24.61-30.0) 1.23 (1.05-1.43) 0.009 1.27 (1.04-1.54) 0.019

(29.86-37.52)

Comorbidities

Obesity 10 (90.9%) 19 (63.3%) 5.79 (0.65 -51.50) = 0.115
Diabetes mellitus 5 (45.5%) 8 (26.7%) 2.29 (0.54-9.64) 0.258
Hypertension 3 (27.3%) 20 (67.7%) 0.19 (0.04-0.86) 0.032 0.17 (0.02-1.23) 0.079

CT score (CO-RADS)

<7 7 (72.7%) 28 (96.6%)
8-17 1 (12.5%) 1(3.4%) 4.00 (0.22-72.18) 0.348
218 0 0

Laboratory investigations

SARS-CoV-2 antibody = 5475.57 + 4646.10 17425.10 + 7900.03  0.99 (0.99-1.00) 0.257
(mean + SD BAU/mL) *

Serum CRP (mg/L) 6.09 (3.33-12.83) 9.68 (4.60-12.76) 1.02 (0.98-1.05) 0.426
Persistent fatigue 6 (60.0%) 8 (32.0%) 3.19 (0.70-14.56) | 0.135
Treatment

Dexamethasone 5 (45.5%) 10 (33.3%) 1.67 (0.41-6.82) 0.477

Favipiravir 10 (90.9%) 28 (93.3%) 0.71 (0.06-8.76) 0.792

Sotrovimab 1(9.1%) 2 (6.7%) 1.40 (0.11-17.17) 0.792

Convalescent plasma 3 (27.3%) 3 (10.0%) 3.38 (0.57-20.10) 0.181

COVID-19 vaccine®

CoronaVac 2 (20.0%) 7(233) 0.82 (0.14-4.80) | 0.827
BBIBP-CorV 2 (20.0%) 4(13.3%) 1.63 (0.25-10.58) | 0.611
ChAdOx1-8 8 (80.0%) 24 (80.0%) 1.00 (0.17-5.98) | 1.000
BNT162b2 5 (50.0%) 22 (73.3%) 0.36 (0.08-1.60) | 0.180
mRNA-1273 2 (20.0%) 2 (6.7%) 3.50 (0.42-2891  0.245

BAU, binding antibody unit; BMI, body mass index; CI, confidence intervals; CRP, C-reactive protein; CO-RADS, COVID-19 Reporting And Data System; CT, computed tomography; IQR,
interquartile range; OR, odds ratio; SD, standard deviation.

“Based on the WHO international standard for anti-SARS-CoV-2 Ig. One Elecsys-S unit = 0.972 x binding antibody unit.

®10 of the 11 patients with hypocortisolism had documentation of COVID-19 vaccination.

The values in bold denote statistical significance at P < 0.05.





OPS/images/fendo.2024.1337652/fendo-15-1337652-g001.jpg
Total number of COVID-19 survivors
(n=2719)
Excluded
(n=2470)
Total number recruited
(n=256)

Total number recruited
(n=41)

Declined participation
(n=215)






