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areas can still respond to changes in CORT this will 
only be through their genomic and nongenomic GR65. 
Consequently, this region specificity in receptor distri-
bution will modify corticosteroid signalling, including 
the activation and termination of stress responses, and is 
likely to be important for promoting long- lasting adap-
tive protective mechanisms such as strategic planning 
and memory storage and consolidation66.

Other layers of regulatory control arise through avail-
ability of CORT. CORT is highly lipophilic, which means 
that under basal conditions 90% of CORT is tightly 
bound to the high- affinity, limited- capacity protein car-
rier corticosteroid- binding globulin (CBG)67,68. Around 
4–5% is loosely bound to albumin and the remaining 5% 
of CORT is ‘free’ and biologically active69. CBG levels are 
controlled by a variety of different factors such as genetic 
variability, liver and thyroid function, nutritional status, 
inflammation and stress. Additionally, CBG is saturated 
at fairly low CORT concentrations, including under basal 
(nonstressed) levels found at the circadian peak. Similar 
to CORT, CBG exhibits homeostatic diurnal varia tion70, 
the resultant effect being a higher proportion of free  

(and therefore biologically active) CORT during the cir-
cadian peak, which accentuates the diurnal profile of free 
CORT and the response to stress. CBG also acts as a car-
rier to specific target sites (such as sites of inflammation) 
and even acts as a protein thermocouple releasing CORT 
at sites of increased temperature71. CBG concentrations 
are therefore of great importance for the bioavailability 
of CORT and its ability to act at a tissue level72.

The metabolic clearance of CORT occurs through 
two mechanisms, enzymic degradation in the liver72,73 
and intracellular metabolism by the two isoenzymes of 
11β- HSD, which catalyse the interconversion of active 
CORT and the inert forms, cortisone (human) and 
11-dehydrocorticosterone (rodents). 11β- HSD type 1 is 
predominately a reductase that catalyses the regenera-
tion of active glucocorticoids, which amplifies the cel-
lular actions of CORT73. It is widely expressed in liver, 
adipose tissue, muscle, pancreatic islets, adult brain, 
inflammatory cells and gonads74. 11β- HSD type 1 there-
fore increases tissue levels of CORT and is thought to be 
a major factor in regulating tissue sensitivity to CORT, 
especially under conditions that can increase 11β- HSD 
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areas can still respond to changes in CORT this will 
only be through their genomic and nongenomic GR65. 
Consequently, this region specificity in receptor distri-
bution will modify corticosteroid signalling, including 
the activation and termination of stress responses, and is 
likely to be important for promoting long- lasting adap-
tive protective mechanisms such as strategic planning 
and memory storage and consolidation66.

Other layers of regulatory control arise through avail-
ability of CORT. CORT is highly lipophilic, which means 
that under basal conditions 90% of CORT is tightly 
bound to the high- affinity, limited- capacity protein car-
rier corticosteroid- binding globulin (CBG)67,68. Around 
4–5% is loosely bound to albumin and the remaining 5% 
of CORT is ‘free’ and biologically active69. CBG levels are 
controlled by a variety of different factors such as genetic 
variability, liver and thyroid function, nutritional status, 
inflammation and stress. Additionally, CBG is saturated 
at fairly low CORT concentrations, including under basal 
(nonstressed) levels found at the circadian peak. Similar 
to CORT, CBG exhibits homeostatic diurnal varia tion70, 
the resultant effect being a higher proportion of free  

(and therefore biologically active) CORT during the cir-
cadian peak, which accentuates the diurnal profile of free 
CORT and the response to stress. CBG also acts as a car-
rier to specific target sites (such as sites of inflammation) 
and even acts as a protein thermocouple releasing CORT 
at sites of increased temperature71. CBG concentrations 
are therefore of great importance for the bioavailability 
of CORT and its ability to act at a tissue level72.

The metabolic clearance of CORT occurs through 
two mechanisms, enzymic degradation in the liver72,73 
and intracellular metabolism by the two isoenzymes of 
11β- HSD, which catalyse the interconversion of active 
CORT and the inert forms, cortisone (human) and 
11-dehydrocorticosterone (rodents). 11β- HSD type 1 is 
predominately a reductase that catalyses the regenera-
tion of active glucocorticoids, which amplifies the cel-
lular actions of CORT73. It is widely expressed in liver, 
adipose tissue, muscle, pancreatic islets, adult brain, 
inflammatory cells and gonads74. 11β- HSD type 1 there-
fore increases tissue levels of CORT and is thought to be 
a major factor in regulating tissue sensitivity to CORT, 
especially under conditions that can increase 11β- HSD 
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grafting occurred). Cortisol levels remain elevated throughout the sampling period. This occurs via an initial surge in 
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Addison disease. Likewise, neurological manifestations
in a young man should raise a suspicion of adrenole-
ukodystrophy.

The presence of adrenal antibodies indicates autoim-
mune Addison disease. Ideally, both adrenal cortex antibod-
ies and 21-hydroxylase antibodies should be measured.4

21-hydroxylase antibodies are more sensitive than adrenal
cortex antibodies in the diagnosis of autoimmune Addison
disease. In patients with autoimmune Addison disease, it is
important to screen for other features of autoimmune poly-
endocrinopathy syndromes. In men with negative adrenal
antibodies, plasma very long-chain fatty acids should be
checked to exclude adrenoleukodystrophy. If the cause still
remains unclear, a computed tomographic scan of the adre-
nal glands should be carried out, which may show evidence
of metastasis, infiltration, hemorrhage, infarction, or infec-
tion (for example, adrenal calcification in longstanding
tuberculosis).

MANAGEMENT

Routine Management of Addison Disease
Routine treatment of Addison disease involves replacement
of the glucocorticoid and mineralocorticoid hormones.
Some forms of Addison disease also will require specific
treatment for the underlying cause, for example, antituber-
culous drugs in Addison disease due to tuberculosis.

Glucocorticoid Replacement. Hydrocortisone is most
commonly used for glucocorticoid replacement, although

other glucocorticoids, including cortisone, prednisolone,
and dexamethasone are occasionally used. Long-acting glu-
cocorticoids, dexamethasone, and prednisolone have the
advantage of a once-daily dosing schedule but have the
drawback of losing the diurnal pattern, resulting in excess
glucocorticoid levels overnight.

In Addison disease, standard replacement dose of hydro-
cortisone is 15-25 mg a day, given in 2 or 3 divided doses.1

A typical starting regime would consist of hydrocortisone
10 mg on waking, 5 mg at around noon, and 5 mg early
evening. There are no satisfactory biochemical tests to as-
sess the adequacy of glucocorticoid replacement. In prac-
tice, the dose of hydrocortisone is maintained on the basis of
clinical assessment, taking an account of patient’s well-
being, and presence of any signs of over-replacement (eg,
hypertension, weight gain, thin skin, easy bruising, and
glucose intolerance) or under-replacement (eg, weight loss
and pigmentation).

During intercurrent illnesses, perioperative periods, and
other forms of stress, patients should increase the dose of
hydrocortisone to mimic the normal physiological response
(Table 3). Some drugs (eg, rifampicin, phenobarbitone, and
phenytoin) increase hepatic metabolism of glucocorticoids,
and patients starting on such drugs may need to increase the
dose of hydrocortisone.

Mineralocorticoid Replacement. Fludrocortisone is the
only available agent for mineralocorticoid replacement. The
usual starting dose is 100 !g a day. The dose is adjusted
(usually 50-200 !g a day) according to clinical response.
Hypertension and presence of ankle edema suggest over-

Table 3 Recommendations for an Increased Dose Hydrocortisone in Patients with Addison Disease in Different Conditions

Conditions Increment in Hydrocortisone Dose

Intercurrent illness
Minor febrile illness (eg, common cold, viral chest infection) Double the dose. Taper down to the maintenance dose over 2-3 days

after the illness.
Persistent vomiting or diarrhea, or both (eg, gastroenteritis) Admission to hospital for intravenous hydrocortisone.
Serious medical illness (eg, severe sepsis, myocardial

infarction, pancreatitis) or major trauma
Intravenous injections 50 mg every 8 h or continuous intravenous

infusion 150 mg/24 h.*
Surgery

Minor surgery or invasive diagnostic procedure (eg, dental
extraction, herniorrhaphy, gastroscopy, colonoscopy)

Double the dose on the day.

Major surgery (eg, intra-abdominal surgery, cardiothoracic
surgery)

Intravenous injections 50 mg every 8 h or continuous intravenous
infusion 150 mg/24 h.* Following uncomplicated procedure, taper
down to the maintenance dose over 2-3 days.

Other
Pregnancy Dose increment usually not necessary, but may need to give

parenterally if unable to take oral medication because of nausea.
During labor, double the dose. If unable to take orally, give a dose

of 50 mg parenterally during the second stage.
Physical exercise Dose increment not necessary for gentle exercise. Increase the dose

by 5 mg before strenuous exercise.
Psychologically stressful situation (eg, examination,

interview)
Dose increment not necessary.

*No need to replace mineralocorticoid at these doses of hydrocortisone as high dose hydrocortisone has mineralocorticoid activity.
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Addison disease. Likewise, neurological manifestations
in a young man should raise a suspicion of adrenole-
ukodystrophy.

The presence of adrenal antibodies indicates autoim-
mune Addison disease. Ideally, both adrenal cortex antibod-
ies and 21-hydroxylase antibodies should be measured.4

21-hydroxylase antibodies are more sensitive than adrenal
cortex antibodies in the diagnosis of autoimmune Addison
disease. In patients with autoimmune Addison disease, it is
important to screen for other features of autoimmune poly-
endocrinopathy syndromes. In men with negative adrenal
antibodies, plasma very long-chain fatty acids should be
checked to exclude adrenoleukodystrophy. If the cause still
remains unclear, a computed tomographic scan of the adre-
nal glands should be carried out, which may show evidence
of metastasis, infiltration, hemorrhage, infarction, or infec-
tion (for example, adrenal calcification in longstanding
tuberculosis).

MANAGEMENT

Routine Management of Addison Disease
Routine treatment of Addison disease involves replacement
of the glucocorticoid and mineralocorticoid hormones.
Some forms of Addison disease also will require specific
treatment for the underlying cause, for example, antituber-
culous drugs in Addison disease due to tuberculosis.

Glucocorticoid Replacement. Hydrocortisone is most
commonly used for glucocorticoid replacement, although

other glucocorticoids, including cortisone, prednisolone,
and dexamethasone are occasionally used. Long-acting glu-
cocorticoids, dexamethasone, and prednisolone have the
advantage of a once-daily dosing schedule but have the
drawback of losing the diurnal pattern, resulting in excess
glucocorticoid levels overnight.

In Addison disease, standard replacement dose of hydro-
cortisone is 15-25 mg a day, given in 2 or 3 divided doses.1

A typical starting regime would consist of hydrocortisone
10 mg on waking, 5 mg at around noon, and 5 mg early
evening. There are no satisfactory biochemical tests to as-
sess the adequacy of glucocorticoid replacement. In prac-
tice, the dose of hydrocortisone is maintained on the basis of
clinical assessment, taking an account of patient’s well-
being, and presence of any signs of over-replacement (eg,
hypertension, weight gain, thin skin, easy bruising, and
glucose intolerance) or under-replacement (eg, weight loss
and pigmentation).

During intercurrent illnesses, perioperative periods, and
other forms of stress, patients should increase the dose of
hydrocortisone to mimic the normal physiological response
(Table 3). Some drugs (eg, rifampicin, phenobarbitone, and
phenytoin) increase hepatic metabolism of glucocorticoids,
and patients starting on such drugs may need to increase the
dose of hydrocortisone.

Mineralocorticoid Replacement. Fludrocortisone is the
only available agent for mineralocorticoid replacement. The
usual starting dose is 100 !g a day. The dose is adjusted
(usually 50-200 !g a day) according to clinical response.
Hypertension and presence of ankle edema suggest over-

Table 3 Recommendations for an Increased Dose Hydrocortisone in Patients with Addison Disease in Different Conditions

Conditions Increment in Hydrocortisone Dose

Intercurrent illness
Minor febrile illness (eg, common cold, viral chest infection) Double the dose. Taper down to the maintenance dose over 2-3 days

after the illness.
Persistent vomiting or diarrhea, or both (eg, gastroenteritis) Admission to hospital for intravenous hydrocortisone.
Serious medical illness (eg, severe sepsis, myocardial

infarction, pancreatitis) or major trauma
Intravenous injections 50 mg every 8 h or continuous intravenous

infusion 150 mg/24 h.*
Surgery

Minor surgery or invasive diagnostic procedure (eg, dental
extraction, herniorrhaphy, gastroscopy, colonoscopy)

Double the dose on the day.

Major surgery (eg, intra-abdominal surgery, cardiothoracic
surgery)

Intravenous injections 50 mg every 8 h or continuous intravenous
infusion 150 mg/24 h.* Following uncomplicated procedure, taper
down to the maintenance dose over 2-3 days.

Other
Pregnancy Dose increment usually not necessary, but may need to give

parenterally if unable to take oral medication because of nausea.
During labor, double the dose. If unable to take orally, give a dose

of 50 mg parenterally during the second stage.
Physical exercise Dose increment not necessary for gentle exercise. Increase the dose

by 5 mg before strenuous exercise.
Psychologically stressful situation (eg, examination,

interview)
Dose increment not necessary.

*No need to replace mineralocorticoid at these doses of hydrocortisone as high dose hydrocortisone has mineralocorticoid activity.
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Frequency of adrenal crisis retrospectively
reported at baseline

At baseline analysis, need of iv emergency glucocorticoid
administrationat any timeafterdiagnosisofAIwas reported
by 44% [primary adrenal insufficiency (PAI), 47%; second-
ary adrenal insufficiency (SAI), 41%]. The baseline analysis

comprised 5432 patient-years with
819 reported episodes of parenteral
glucocorticoids, accounting for a fre-
quency of 15 emergency treatments
per 100 patient-years. Precipitating
factors were as follows: gastroenteri-
tis, 23%; fever, 22%,; emotional
stress, 16%; surgery, 16%; strenu-
ous physical activity, 9%; forgotten
glucocorticoid intake, 4.3%; acci-
dents, 3.1%; cessation of glucocor-
ticoid (GC) replacement by the at-
tending physician, 1.7%; cessation
of GC replacement by the patient,
1.9%; unknown, 9.9%; urinary
tract infection, 3%; and other
causes, 8.7% of cases (multiple an-
swers were possible).

Frequency of health deterioration and adrenal
crisis during prospective follow-up

Over the 2-year period, health deterioration was re-
ported in 488 follow-up questionnaires (PAI, 33% of fol-
low-ups; SAI, 32% of follow-ups), accounting for a fre-

Figure 1. Precipitating factors of adrenal crisis in 46 patients during a prospective follow-up
analysis. Multiple answers were possible.

Table 3. Characteristics of 46 Patients With AC During Follow-Up in Comparison With Patients Without AC During
Follow-Up (n ! 377) and the Patient Cohort Without Any AC Since PD of AI (n ! 211)

A
Patients With AC
During Follow-Up

B
Patients Without AC
During Follow-Up

C
Patients That Never
Had AC Since PD

P Value,
A vs B

P Value,
A vs C

Sex, n, % F, 33 (72%)
M, 13 (18%)

F, 250 (66%)
M, 127 (34%)

F, 125 (59%)
M, 86 (41%)

.29 .08

Cause of AI, n, % PAI, 29 (63%),
SAI, 17 (37%)

PAI, 192 (51%),
SAI, 185 (49%)

PAI, 103 (49%),
SAI, 108 (51%)

.08 .06

Age at inclusion, y 54 (21–82) 51 (19–83) 50 (19–83) .26 .13
Age at diagnosis, y 38 (0–76) 37 (2–67) 39.5 (0–76) .82 .92
Prevalence of nonendocrine

comorbidities, %
67% 66% 63% .49 .40

Duration of AI, y 11 (1–40) 10 (0.2–69) 8 (0.2–69) .27 .02
Glucocorticoid preparation HC, 85%,

CA, 6.5%
PR, 6.5%
PR " HC, 2.2%

HC, 89%
CA, 2.9%
PR, 6.4%
DEX, 0.3%
Combination, 1.3%

HC, 89%
CA, 3.8%
PR, 5.7%
DEX, 0.5%
Combination, 1.4%

.81 .89

Glucocorticoid dose median,
mg/d (range)

HC, 20 (10–70)
CA, 31.25 (25–43.75)
PR,5 (5–6)

HC, 20 (5–45)
CA, 37.5 (20–75)
PR,5 (4–10)
DEX, 1

HC, 20 (5–45)
CA, 37.5 (20–50)
PR,5 (4–7.5)

N.S. N.S.

Fludrocortisone dose in PAI
patients, mg/d, median
(range), mean, mean # SD

0.1 (0.05–0.3)
0.088 # 0.06

0.1 (0.025–0.6)
0.081 # 0.07

0.1 (0–0.5)
0.075 # 0.06

.55 .23

AC since diagnosis at baseline
evaluation, % of patients

67% 41% $.01 $.01

Number of AC since PD median
(range), mean # SD

2 (0–15) 0 (0–120) $.01 $.01
3.1 # 3.9 1.9 # 7.2

Abbreviations: CA, cortisone acetate; DEX, dexamethasone; F, female; FU, follow-up; HC, hydrocortisone; M, male; NS, not significant; PD, primary
diagnosis; PR, prednisolone.
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in sleep pattern was reported by any of the subjects during the
whole testing period.

The authors, who were not study subjects at the same time,
did endocrine and psychiatric assessment. Psychiatric assess-
ment was done in a nearby but physically separated institution.

Endocrine testing consisted of the morning cortisol determi-
nation and 1 

 

µ

 

g ACTH test. Morning cortisol was measured
in blood, on two occasions, once within the 1 

 

µ

 

g ACTH test.
Cortisol sampling always started at 09·00 h.

Endocrine clinical follow-up consisted of medical history and
examination, including blood pressure and weight measurement,
and blood glucose and electrolytes determination.

For the ACTH test, a vial of 250 

 

µ

 

g ACTH (ICN Yugoslavia,
Belgrade, Yugoslavia) was diluted in normal saline solution to a
concentration of 0·5 

 

µ

 

g /ml and immediately after the dilution
2 ml of the solution was injected intravenously (i.v.). Blood
samples for cortisol determination were taken from the i.v.
cannula at 0, 15, 30 and 60 min (Zarkovic 

 

et al

 

., 1999).

 

Assays

 

All blood samples were immediately separated and kept frozen
at 

 

−

 

20 

 

°

 

C until assayed. The refrigerator containing cortisol
samples was connected both to the power network and to a back-
up power supply. The plasma cortisol concentration was deter-
mined using a time-resolved fluoroimmunoassays (DELFIA
Cortisol, Wallac Oy, Turku, Finland). The procedure has an
intra-assay coefficient of variation of 4·5% at 230 nmol/ l and
5·0% at 820 nmol/ l. The interassay coefficient of variation is
5·0% at 180 nmol/ l, 4·5% at 430 nmol/ l and 7·0% at 990 nmol/ l.

 

Statistical analysis

 

Data are presented as median, minimum–maximum. Statistical
analysis was done using Wilcoxon signed Rank test. Computation

of the two-tailed probability is based on the statistical tables.
Most of the statistical programmes compute Wilcoxon signed
Rank test probability using normal distribution approximation.
However, this approach is reliable only for the samples larger
then 25 units (Altman, 1991). Probability is considered signifi-
cant if it is 0·1.

 

Results

 

Body weight did not significantly change in any of the subjects
during the testing period. No subject reported voluntary or invol-
untary body weight change for the period 1 year before the war
and during the war period before the beginning of the study.

Psychiatric assessment did not find signs of major psychosis,
depressive or anxiety disorders in any subject at any point of the
study. No signs of post-traumatic stress disorder (PTSD) or
depression were found in any subject after 18 and 30 months of
the study.

Higher values of the BID and HARS scores correlate with the
severity of depression or anxiety. Values above 10 for BID and
above 14 for HARS score are considered to indicate significant
levels of depression or anxiety, respectively. During the war, three
subjects had BID score of 10 or higher, and all subjects had
HARS score above 15. After the end of the war, BID and HARS
scores normalized in all subjects. Compared with the scores
obtained during the war, 18 months after the war, psychological
test showed significant reduction in BID and HARS scores
(Figure 1, Table 1).

During the war, endocrine testing showed that significant sup-
pression of the HPA axis was present. The war-induced suppres-
sion of the HPA axis was characterized by both significant
suppression of the morning cortisol concentration and by
decrease of the cortisol response to the ACTH stimulation (Figure
2, Table 1). In three subjects, cortisol response to ACTH stimu-
lation was subnormal and fulfilled the diagnostic criteria for

Fig. 2 Changes in the cortisol concentrations. 
Morning cortisol concentrations for the two separate 
days are presented in (a) and (b). (c) Average morning 
cortisol. (d) Maximal cortisol response to the ACTH 
stimulation. Subject are represented by the open 
symbols, and group median as a bar.
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comorbidities impacting COVID-19 prognosis were also 
considered.

Statistical analysis

Variables are presented as mean ± standard deviation (SD) 
if continuous, number and percentage if categorical, mean 
and corresponding 95% confidence interval (CI) if ordi-
nal. After verifying the normal distribution of quantitative 
variables with the Kolmogorov–Smirnov test, comparisons 
between two groups were made with the Student’s t test (nor-
mal distribution) or the Mann–Whitney test (non-normal 
distribution). For comparisons concerning more than two 
groups, the ANOVA (parametric) or the Kruskal–Wallis 
(non-parametric) tests were applied. Categorical variables 
were compared with the Chi-square (χ2) or the Fisher’s exact 
test, where appropriate. The Spearman’s Rho (ρ) was used 
for the bi-varied correlation analyses. A p value of 0.050 
was considered for statistical significance. The SPSS (SPSS 
Inc, Chicago, IL, USA) software version 20.0 was used for 
statistical analysis.

Results

Table 1 illustrates patients’ demographic and clinical fea-
tures. Primary AI patients were younger (p = 0.033) and 
mostly females (p = 0.002); geographical distribution was 
homogeneous between subgroups (p > 0.050). Distribution 
of AI etiologies is shown in Fig. 3. Among secondary AI 

patients, eleven (13.6%) had isolated ACTH deficiency; in 
the others, secondary AI was variably associated to TSH 
(82.7%), FSH/LH (50.6%), GH (34.6%), and arginine-
vasopressin (AVP, 30.9%) deficiencies, which were ade-
quately replaced, when necessary. Among the comorbidities 
impacting COVID-19 prognosis, such as diabetes mellitus, 
hypertension and cardiovascular diseases, obesity, chronic 
obstructive pulmonary disease (COPD), active cancer, and 
autoimmune disorders, only hypertension and autoimmune 
disorders were differently prevalent between groups. Of 
note, in secondary AI patients there was a significant gender 
difference concerning the presence of overweight/obesity 
(34 males and 12 females, p < 0.0001) and hypertension (20 
males and seven females, p = 0.020). Hypertensive patients 
with secondary AI had a higher Body Mass Index (BMI 
28.2 ± 5.2 vs 25.7 ± 4.2 kg/m2, p = 0.030) and were older 
(66 ± 11 vs 55 ± 18 years, p = 0.003) than normotensives.

CORTI-COVID

Total and partial CORTI-COVID scores are shown in 
Table 2. Concern for economy most influenced the final 
score (ρ = 0.816, p < 0.0001); however, all items moder-
ately (occupational and social concern) or strongly (global 
and personal health concern) correlated with total CORTI-
COVID score.

All CORTI-COVID scores were similar between primary 
and secondary AI patients, without gender differences. Elder 
participants showed a lower occupational concern (cor-
relation with age ρ = − 0.388, p < 0.0001). Hypertensive 

1. What is your gender?

2. How old are you?

3. Where do you live?

4. Do you have pituitary or adrenal disease?

5. Which is your current therapy (active principles and doses)?

6. In the latest two months, have you uptitrated your glucocorticoid daily dose?

7. If yor answer for question 6 is YES, which is your new daily dose? 

8. If yor answer for question 6 is YES, how many days did the uptitration last?

9. If yor answer for question 6 is YES, which was the uptitration reason?

10.In the latest two months, have you modified your usual, non-glucocorticoid therapy?

11.If yor answer for question 10 is YES, specify the variations occurred

12.In the latest two months, did you experience any adrenal crises?

13.In the latest two months, did you refer to any E.R.?

14.Do you have diabetes mellitus?

15.Do you have arterial hypertension?

16.Did you have any myocardial infarctions?

17.Do you have chronic obstructive pulmonary disease?

18.Do you have any active cancer?

19.Do you have any (other) autoimmune diseases?

20.Specify your height and weight

21.With regard to COVID-19 pandemic, how much are you worried about global health? 
Graduate your concern 1 (= I’m not worried at all) to 5 (I’m very worried) 

22.With regard to COVID-19 pandemic, how much are you worried about your personal 
health as a patient with adrenal insufficiency? Graduate your concern 1 (= I’m not 
worried at all) to 5 (I’m very worried) 

23.Have you been infected with SARS-CoV-2? 

24.If your answer for question 23 is YES, please indicate how infection manifested and if you 
required hospitalization

25.If your answer for question 23 is YES, please indicate how long did symptoms last and 
how you were treated

26.Have any members of your family been infected with SARS-CoV-2? 

27.Have any of your friends/colleagues been infected with SARS-CoV-2? 

28.What is your job? 

29.Has your occupational situation changed due to COVID-19?  

30.If your answer to question 29 is YES, please indicate the restrictions occurred.

31.With regard to COVID-19 pandemic, how much are you worried about your working 
future? Graduate your concern 1 (= I’m not worried at all) to 5 (I’m very worried) 

32.With regard to COVID-19 pandemic, how much are you worried about future 
economic consequences? Graduate your concern 1 (= I’m not worried at all) to 5 (I’m
very worried) 

33.With regard to COVID-19 pandemic, how much are you worried about social 
consequences? Graduate your concern 1 (= I’m not worried at all) to 5 (I’m very
worried) 

34.Which of the following hashtags best represents your mood/thoughts? a) #letsholdon; b) 
#everythingwillbefine; c) #stayhome; d) #distantbutjoint; e) #Italydoesnotstop 

Fig. 2  The “CORTI-COVID” questionnaire Martino M, et al. J Endocrinol Invest. 18:1-10, 2020
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comorbidities impacting COVID-19 prognosis were also 
considered.

Statistical analysis

Variables are presented as mean ± standard deviation (SD) 
if continuous, number and percentage if categorical, mean 
and corresponding 95% confidence interval (CI) if ordi-
nal. After verifying the normal distribution of quantitative 
variables with the Kolmogorov–Smirnov test, comparisons 
between two groups were made with the Student’s t test (nor-
mal distribution) or the Mann–Whitney test (non-normal 
distribution). For comparisons concerning more than two 
groups, the ANOVA (parametric) or the Kruskal–Wallis 
(non-parametric) tests were applied. Categorical variables 
were compared with the Chi-square (χ2) or the Fisher’s exact 
test, where appropriate. The Spearman’s Rho (ρ) was used 
for the bi-varied correlation analyses. A p value of 0.050 
was considered for statistical significance. The SPSS (SPSS 
Inc, Chicago, IL, USA) software version 20.0 was used for 
statistical analysis.

Results

Table 1 illustrates patients’ demographic and clinical fea-
tures. Primary AI patients were younger (p = 0.033) and 
mostly females (p = 0.002); geographical distribution was 
homogeneous between subgroups (p > 0.050). Distribution 
of AI etiologies is shown in Fig. 3. Among secondary AI 

patients, eleven (13.6%) had isolated ACTH deficiency; in 
the others, secondary AI was variably associated to TSH 
(82.7%), FSH/LH (50.6%), GH (34.6%), and arginine-
vasopressin (AVP, 30.9%) deficiencies, which were ade-
quately replaced, when necessary. Among the comorbidities 
impacting COVID-19 prognosis, such as diabetes mellitus, 
hypertension and cardiovascular diseases, obesity, chronic 
obstructive pulmonary disease (COPD), active cancer, and 
autoimmune disorders, only hypertension and autoimmune 
disorders were differently prevalent between groups. Of 
note, in secondary AI patients there was a significant gender 
difference concerning the presence of overweight/obesity 
(34 males and 12 females, p < 0.0001) and hypertension (20 
males and seven females, p = 0.020). Hypertensive patients 
with secondary AI had a higher Body Mass Index (BMI 
28.2 ± 5.2 vs 25.7 ± 4.2 kg/m2, p = 0.030) and were older 
(66 ± 11 vs 55 ± 18 years, p = 0.003) than normotensives.

CORTI-COVID

Total and partial CORTI-COVID scores are shown in 
Table 2. Concern for economy most influenced the final 
score (ρ = 0.816, p < 0.0001); however, all items moder-
ately (occupational and social concern) or strongly (global 
and personal health concern) correlated with total CORTI-
COVID score.

All CORTI-COVID scores were similar between primary 
and secondary AI patients, without gender differences. Elder 
participants showed a lower occupational concern (cor-
relation with age ρ = − 0.388, p < 0.0001). Hypertensive 

1. What is your gender?

2. How old are you?

3. Where do you live?

4. Do you have pituitary or adrenal disease?

5. Which is your current therapy (active principles and doses)?

6. In the latest two months, have you uptitrated your glucocorticoid daily dose?

7. If yor answer for question 6 is YES, which is your new daily dose? 

8. If yor answer for question 6 is YES, how many days did the uptitration last?

9. If yor answer for question 6 is YES, which was the uptitration reason?

10.In the latest two months, have you modified your usual, non-glucocorticoid therapy?

11.If yor answer for question 10 is YES, specify the variations occurred

12.In the latest two months, did you experience any adrenal crises?

13.In the latest two months, did you refer to any E.R.?

14.Do you have diabetes mellitus?

15.Do you have arterial hypertension?

16.Did you have any myocardial infarctions?

17.Do you have chronic obstructive pulmonary disease?

18.Do you have any active cancer?

19.Do you have any (other) autoimmune diseases?

20.Specify your height and weight

21.With regard to COVID-19 pandemic, how much are you worried about global health? 
Graduate your concern 1 (= I’m not worried at all) to 5 (I’m very worried) 

22.With regard to COVID-19 pandemic, how much are you worried about your personal 
health as a patient with adrenal insufficiency? Graduate your concern 1 (= I’m not 
worried at all) to 5 (I’m very worried) 

23.Have you been infected with SARS-CoV-2? 

24.If your answer for question 23 is YES, please indicate how infection manifested and if you 
required hospitalization

25.If your answer for question 23 is YES, please indicate how long did symptoms last and 
how you were treated

26.Have any members of your family been infected with SARS-CoV-2? 

27.Have any of your friends/colleagues been infected with SARS-CoV-2? 

28.What is your job? 

29.Has your occupational situation changed due to COVID-19?  

30.If your answer to question 29 is YES, please indicate the restrictions occurred.

31.With regard to COVID-19 pandemic, how much are you worried about your working 
future? Graduate your concern 1 (= I’m not worried at all) to 5 (I’m very worried) 

32.With regard to COVID-19 pandemic, how much are you worried about future 
economic consequences? Graduate your concern 1 (= I’m not worried at all) to 5 (I’m
very worried) 

33.With regard to COVID-19 pandemic, how much are you worried about social 
consequences? Graduate your concern 1 (= I’m not worried at all) to 5 (I’m very
worried) 

34.Which of the following hashtags best represents your mood/thoughts? a) #letsholdon; b) 
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Fig. 2  The “CORTI-COVID” questionnaire Martino M, et al. J Endocrinol Invest. 18:1-10, 2020

49:687851,&-/2���")-&3'?
1>	(�")-&0&�5>#1�")-&3;���*<


�� �������.)-=%0+�!2
��1,&-/2���")-&3'?

��2��1,&-/2���")-&3'?

����$1,&-/2���")-&3'?

����$1,&-/2���")-&3'?



Journal of Endocrinological Investigation 

1 3

Patients’ adaptive capacity to this unconventional situa-
tion was good, as attested by the preferential choice of 
resilient hashtags (#1, #3, #4) over-optimistic ones (#2, 
#5) by more socially worried and less occupationally 
restricted participants. The perception of danger and 
discomfort was higher in patients with comorbidities, 
leading to significantly lower QoL and health status. 
Again, this is not surprising if we consider the negative 
prognostic impact of diabetes mellitus and hyperten-
sion on COVID-19 [23]; yet, an unexpected finding is 
the pejorative impact of autoimmune diseases on QoL 
and health perception not only in primary AI but also in 
secondary AI patients. However, even after separating 
the two etiologic subgroups, the results of ADDIQoL-30 
and SF-36 persisted good and correlated well: this is 
interesting since ADDIQoL-30 has been validated only 
for primary AI patients [16]; here, we show its reliabil-
ity also in assessing QoL of patients with secondary AI. 
Of note, the self-reported QoL and health status were 
superior in our cohort than in previous cohorts [15, 16], 
further confirming the importance of ensuring adequate, 
tailored replacement regimens and unceasing education 
to all AI patients.

As previously anticipated, the main limitation of this 
study is that the CORTI-COVID questionnaire was not 
administered to healthy individuals, making it difficult to 
evaluate whether the observed results, particularly occu-
pational aspects, are specific for AI or are not dependent 
on it: this was due to the current pandemic situation and its 
adjoining urgent needs. We believe this lacking does not 
change the quality of our findings (comparison between 
primary and secondary AI), but a proper control group, as 

well as a validated English or multi-language version (for 
original Italian version see Supplemental Fig. 2) of the 
CORTI-COVID questionnaire would be certainly needed 
for future research.

Conclusions

Provided that educational efforts are made to prevent and 
treat acute events, both primary and secondary AI patients 
seem not at particular risk of COVID-19. However, the 
pandemic is exposing AI patients to a strong emotional 
burden, which is assessed reliably through the novel, pur-
pose-built CORTI-COVID score. Even in unconvention-
ally stressful situations, as this pandemic is, educated AI 
patients preserve good QoL and health perception.
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Patients’ adaptive capacity to this unconventional situa-
tion was good, as attested by the preferential choice of 
resilient hashtags (#1, #3, #4) over-optimistic ones (#2, 
#5) by more socially worried and less occupationally 
restricted participants. The perception of danger and 
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Again, this is not surprising if we consider the negative 
prognostic impact of diabetes mellitus and hyperten-
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Of note, the self-reported QoL and health status were 
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to all AI patients.
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treat acute events, both primary and secondary AI patients 
seem not at particular risk of COVID-19. However, the 
pandemic is exposing AI patients to a strong emotional 
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