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Abstract
Purpose COVID-19 is a novel threat to patients with adrenal insufficiency (AI), whose life expectancy and quality (QoL) are 
impaired by an increased risk of infections and stress-triggered adrenal crises (AC). If infected, AI patients require prompt 
replacement tailoring. We assessed, in a cohort of AI patients: prevalence and clinical presentation of COVID-19; prevalence 
of AC and association with intercurrent COVID-19 or pandemic-related psychophysical stress; lockdown-induced emotional 
burden, and health-related QoL.
Methods In this monocentric (Ancona University Hospital, Italy), cross-sectional study covering February-April 2020, 121 
(40 primary, 81 secondary) AI patients (59 males, 55 ± 17 years) completed telematically three questionnaires: the purpose-
built “CORTI-COVID”, assessing medical history and concern for COVID-19-related global health, AI-specific personal 
health, occupational, economic, and social consequences; the AddiQoL-30; the Short-Form-36 (SF-36) Health Survey.
Results COVID-19 occurred in one (0·8% prevalence) 48-year-old woman with primary AI, who promptly tailored her 
replacement. Dyspnea lasted three days, without requiring hospitalization. Secondary AI patients were not involved. No 
AC were experienced, but pandemic-related stress accounted for 6/14 glucocorticoid up-titrations. Mean CORTI-COVID 
was similar between groups, mainly depending on “personal health” in primary AI (ρ = 0.888, p < 0.0001) and “economy” 
in secondary AI (ρ = 0.854, p < 0.0001). Working restrictions increased occupational concern. CORTI-COVID correlated 
inversely with QoL. AddiQoL-30 and SF-36 correlated strongly. Comorbidities worsened patients’ QoL.
Conclusion If educational efforts are made in preventing acute events, AI patients seem not particularly susceptible to 
COVID-19. The novel “CORTI-COVID” questionnaire reliably assesses the pandemic-related emotional burden in AI. Even 
under unconventional stress, educated AI patients preserve a good QoL.
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Introduction

In Adrenal insufficiency (AI), the adrenal cortex is unable to 
produce adequate amounts of glucocorticoids with respect to 
the body’s needs. AI can result either from a direct damage 

or impaired function of the adrenal gland (primary AI), or 
from the indirect impairment of adrenal function which 
occurs in ACTH deficiency (secondary AI) [1, 2].

Since adrenal hormones are crucial in preserving energy, 
fluid and salt homeostasis, as well as in modulating stress 
response and immune system, AI is a severe, potentially 
life-threatening condition [1]. Despite optimal replacement, 
indeed, AI patients experience higher morbidity and mortal-
ity rates than the general population, a consistent reduction 
in life expectancy, and notable impairment in self-reported 
quality of life (QoL) and health status, regardless of AI etiol-
ogy and comorbidities [3–5].

Tailored therapeutic regimens and educational measures 
aimed at preventing adrenal crises are key points in the man-
agement of chronic AI [6]. Nevertheless, more than 10% of 
AI patients followed-up for two years undergoes an acute 
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event, which is fatal in 6% and triggered by intercurrent 
infections or emotional stressors [7].

Recently, Italy has been overwhelmed by COVID-19 
pandemic due to novel Coronavirus SARS-CoV-2, which 
clinical features are fever, dry cough, dyspnea and, in worst 
cases, severe/critical pneumonia with acute respiratory dis-
tress syndrome (ARDS) requiring intensive care manage-
ment, acute kidney failure, and death [8–12]. Lockdown 
measures were disposed throughout the country to contain 
the spreading of the infection through social distancing and 
the blockade of non-essential productive activities, with una-
voidable social and economic repercussions.

To date, expert opinions on COVID-19 stage-specific 
adjustment of glucocorticoid replacement in AI are available 
[13, 14]. However, there are no data on the impact of SARS-
CoV-2 pandemic in AI patients, nor about psychophysical 
stress resulting from their awareness of being more suscep-
tible to the infection and at risk of adrenal crises in a context 
of social isolation, uncertainty, and concern about the future.

We, therefore, aimed to investigate in a cohort of AI 
patients, for the period February–April 2020: (a) the preva-
lence, clinical features, and outcome of COVID-19; (b) 
the prevalence of adrenal crises and their possible associa-
tion with intercurrent infection with SARS-CoV-2 and/or 
pandemic-related psychophysical stress; (c) the emotional 
impact of pandemic-induced lockdown and social distanc-
ing; (d) the self-reported QoL and health perception during 
the lockdown.

Methods

Study design

This was an open-label, cross-sectional study conducted in 
April 2020 on a cohort of AI patients regularly followed-up 
at the Endocrinology and Metabolic Diseases Department 
of Ancona University Hospital, Ancona, Italy. The study 
was conducted according to the Declaration of Helsinki and 
approved by the local Ethic Committee.

Patients and materials

Due to the current lockdown measures, 202 outpatients 
with a history of primary or secondary AI, defined accord-
ing to the latest Endocrine Society Guidelines criteria [1, 
2], were contacted by a phone call or email. Of them, 
81 were discarded due to unavailability (n = 29), lack of 
consent (n = 35), transitory AI (n = 7), and death (n = 10; 
Fig. 1). After obtaining the informed consent, which was 

given by a parent/legal guardian for patients < 18 years, 
the remaining 121 (59 males and 62 females, 40 primary 
AI and 81 secondary AI) were enrolled and underwent the 
following three-section interview (Fig. 2):

1 The purpose-built “CORTI-COVID” questionnaire, 
composed by 34 questions and four issues: demogra-
phy and anthropometric data, general and AI-specific 
medical and pharmacological history, COVID-19-spe-
cific familiar (closer contacts included), physiological 
and medical history, emotional impact of COVID-19. 
Quantification of this last issue in the “CORTI-COVID 
score” expressed the degree of each participant’s con-
cern for the pandemic. The CORTI-COVID score (mini-
mum 5, maximum 25 points, a higher score indicating 
higher concern) was calculated as the sum of the scores 
obtained from five questions, which explored the degree 
of concern for COVID-19-related global health, personal 
health as an AI patient, occupational consequences, 
economic impact and social implications (minimum 1, 
maximum 5 points each);

2 The AI-specific self-reported QoL questionnaire 
“AddiQoL-30” [15–17];

3 The self-reported health perception questionnaire 
“Short-Form-36 Health Survey (SF-36)” [18].

The results of the interview were analyzed in the 
whole cohort at first, then subgroup analyses were 
conducted according to AI etiology (primary vs sec-
ondary). Demography, glucocorticoid replacement and 

n=202 outpatients with AI contacted by 

phone call or email 

n=121 enrolled 

• n=40 primary AI 

• n=81 secondary AI 
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n=35 no consent 

n=7 transitory AI 

n=10 death 
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Fig. 1  Patient flow diagram
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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
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patients were more worried for COVID-19-related global 
health (p = 0.005) and less for occupational consequences 
(p = 0.003) than normotensives; if a history of ischemic heart 
disease was present, concern for both global and personal 
health was higher (p = 0.043). Similarly, people who suffered 
from autoimmune diseases were more afraid of personal 
health consequences than those who did not (p = 0.038).

Patients who required replacement adjustments were 14 
(6 with primary AI, 8 with secondary AI). No adrenal crises 
were experienced, but COVID-19-related emotional stress 

accounted for 6 of 14 glucocorticoid stress doses (5 women 
with primary AI, 1 man with secondary AI). All CORTI-
COVID results were similar between patients who required 
glucocorticoid stress doses and those who did not; also, no 
significant correlations were found between the scores and 
patients’ glucocorticoid daily dose. Compared to the oth-
ers, patients who adjusted their glucocorticoid dose due 
to COVID-19-related emotional stress had similar gender, 
age, AI etiology distribution, used overlapping replacement 
doses, and did not differ with respect to comorbidities, 

Table 1  Demographic and clinical features of study participants

Data are expressed as number and percentage or as mean ± SD (minimum–maximum range)
BMI Body Mass Index, CA cortisone acetate, DEX dexamethasone, HC hydrocortisone, PRED prednisone, COPD chronic obstructive pulmonary 
disease, NS not statistically significant, NA not applicable

All (n = 121) Primary AI (n = 40) Secondary AI (n = 81) p value

Gender 0.033
 Male 59 (48.8) 14 (35.0) 45 (55.6)
 Female 62 (51.2) 26 (65.0) 36 (44.4)

Age (years) 55.3 ± 17.0 (15.0–84.0) 49.0 ± 15.8 (15.0–83.0) 58.5 ± 16.8 (18.0–84.0) 0.002
Weight (kg) 73.4 ± 17.0 (44.0–140.0) 68.3 ± 13.2 (49.0–95.0) 75.9 ± 18.2 (44.0–140.0) 0.026
BMI (kg/m2) 26.2 ± 4.5 (18.8–41.8) 25.5 ± 4.0 (18.8–34.9) 26.6 ± 4.8 (19.0–41.8) NS
Glucocorticoid replacement < 0.0001
 CA 52 (43.0) 7 (17.5) 45 (55.6)
 HC 65 (53.7) 32 (80.0) 33 (40.7)
 PRED 3 (2.5) 0 3 (3.7)
 DEX 1 (0.8) 1 (2.5) 0

Glucocorticoid dose (mg HC/day) 18.7 ± 7.2 (5.0–35.0) 20.8 ± 7.2 (5.0–35.0) 17.7 ± 7.0 (5.0–35.0) 0.030
Lockdown stress dose NS
 Yes 14 (11.6) 6 (15.0%) 8 (9.9)
 No 107 (88.4) 34 (85.0%) 73 (90.1)

Stress dose (mg HC/day) 20.7 ± 33.9 (2.5–100.0) 23.3 ± 38.0 (5.0–100.0) 18.8 ± 33.1 (5.0–100.0) NS
Stress dose duration (weeks) NS
 < 1 6 (42.9) 4 (66.7) 2 (25.0)
 1–2 2 (14.3) 0 2 (25.0)
 2–3 0 0 0
 3–4 2 (14.3) 1 (16.7) 1 (12.5)
 > 4 2 (14.3) 1 (16.7) 1 (12.5)
 Not known 2 (14.3) 0 2 (25.0)

Mineralocorticoid replacement NA
 Yes NA 36 (90) NA
 No NA 4 (10) NA

Comorbidities
 Diabetes mellitus 10 (8.3) 4 (10) 6 (7.4) NS
 Hypertension 33 (27.3) 6 (15) 27 (33.3) 0.033
 Overweight/obesity 65 (53.7) 19 (47.5) 46 (56.8) NS
 Ischemic heart disease 3 (2.5) 1 (2.5) 2 (2.5) NS
 COPD 10 (8.3) 4 (10) 6 (7.4) NS
 Active cancer 2 (1.7) 1 (2.5) 1 (1.2) NS
 (Other) autoimmune diseases 29 (24.0) 20 (50) 9 (11.1) < 0.0001
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except for autoimmune diseases (67% vs 22%, p = 0.029; 
unconfirmed difference when selecting primary AI).

COVID-19 occurred only in one (0.8% prevalence) 
48-year-old woman who developed primary AI in 1997, 
after bilateral adrenalectomy for Cushing’s Syndrome due 
to Primary Pigmented Nodular Adrenocortical Disease 
(PPNAD). In February 2020, she had working contacts 
with a COVID-19 subject, who then died for respiratory 

distress. As symptoms started, the woman promptly 
adjusted glucocorticoid replacement and added nime-
sulide, with benefit. Dyspnea, chest and muscle pain, fever 
(39.8 °C), asthenia and vomiting lasted three days, without 
requiring hospitalization. Her CORTI-COVID score was 
12 (global health = 3, personal health = 1, occupational 
consequences = 3, economic impact = 2, social conse-
quences = 3). Despite the presence of familial clusters in 

62%

17%

10%

3%
5%

3%

Primary AI

autoimmune Addison disease

classical 21-hydroxilase deficiency

bilateral adrenalectomy

tubercular adrenalitis

antiphospholipid syndrome
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Fig. 3  Distribution of primary AI (a) and secondary AI (b) etiologies in the study cohort

Table 2  Results of CORTI-COVID, AddiQoL-30, and SF-36 questionnaires

Data are expressed as mean (95% CI)
NS not statistically significant

All (n = 121) Primary AI (n = 40) Secondary AI (n = 81) p value

CORTI–COVID 17.7 (16.9–18.6) 17.8 (16.3–19.2) 17.7 (16.7–18.7) NS
 Global health concern 3.8 (3.6–4.0) 3.7 (3.3–4.1) 3.9 (3.6–4.1) NS
 Personal health concern 3.7 (3.5–4.0) 3.7 (3.3–4.1) 3.7 (3.5–4.0) NS
 Occupational concern 2.6 (2.3–2.8) 2.8 (2.3–3.2) 2.5 (2.1–2.8) NS
 Economic concern 3.8 (3.6–4.1) 3.9 (3.6–4.3) 3.8 (3.5–4.1) NS
 Social concern 3.8 (3.6–4.0) 3.7 (3.4–4.0) 3.9 (3.6–4.1) NS

ADDIQoL–30 130.6 (126.0–135.3) 130.9 (122.2–139.6) 130.5 (125.0–136.1) NS
 Fatigue 33.0 (31.4–34.6) 33.8 (30.7–37.0) 32.6 (30.8–34.5) NS
 Symptoms 41.3 (39.8–42.8) 40.8 (38.2–43.3) 41.6 (39.7–43.4) NS
 Emotions 34.8 (33.4–36.1) 34.4 (32.0–36.7) 34.9 (33.3–36.6) NS
 Miscellaneous 21.6 (20.7–22.5) 22·0 (20·3–23·6) 21.4 (20.3–22.5) NS

SF–36
 Physical functioning 75.7 (71.0–80.4)% 77.7 (69.3–86.0)% 74.7 (68.9–80.5)% NS
 Role limitation due to physical health 66.5 (59.3–73.8)% 65.0 (52.2–77.8)% 67.3 (58.3–76.3)% NS
 Role limitation due to emotional problems 66.1 (58.6–73.7)% 62.5 (49.5–75.5)% 67.9 (58.5–77.3)% NS
 Energy/fatigue 58.7 (54.6–62.7)% 57.4 (49.6–65.1)% 59.3 (54.5–64.1)% NS
 Emotional wellbeing 66.9 (63.3–70.5)% 65.4 (59.0–71.8)% 67.6 (63.2–72.0)% NS
 Social functioning 66.6 (62.2–71.0)% 66.6 (58.5–74.6)% 66.7 (61.3–72.0)% NS
 Physical pain 71.6 (66.7–76.4)% 71.1 (62.1–80.1)% 71.8 (65.9–77.6)% NS
 General health perception 57.7 (53.4–62.0)% 60.6 (52.1–69.2)% 56.2 (51.3–6.11)% NS
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almost 5%, COVID-19 was not reported among alive sec-
ondary AI participants. However, one of the ten patients 
excluded due to death (Fig. 1) was a 69-year-old woman 
with cognitive disorders and hypopituitarism arisen after 
surgery and subsequent radiotherapy for acromegaly. She 
died during the pandemic from bilateral pneumonia, which 
was not associated with SARS-CoV-2, according to her 
official death certificate. Close friends and colleagues were 
hit by COVID-19 in 23% patients (nine with primary and 
19 with secondary AI).

Occupations were distributed as shown in Supplemental 
Fig. 1. Lockdown-induced occupational changes involved 
43% participants (24 primary AI and 28 secondary AI): 
the most frequent working restrictions were layoff (14%), 
smart working (7.4%) and withdrawal (6.6%). Occupa-
tional concern was significantly higher in patients affected 
by working restrictions [3.2 (95% CI 2.9–3.6) vs 2.0 (95% 
CI 1.7–2.4), p < 0.0001].

Participants were asked to choose which of the follow-
ing sentences (“hashtags”, #) best represented their mood 
and thoughts: #1 “let’s hold on” (28%), #2 “everything 
will be fine” (11%), #3 “stay home” (36%), #4 “distant 
but joint” (17%), #5 “Italy does not stop” (8%). A higher 
social worry was significantly associated to #1 and #3 
(p = 0.039), as was the absence of working restrictions 
(p = 0.020); gender, age and glucocorticoid dose did not 
influence the choice. The COVID-19 patient chose #2.

ADDIQoL‑30

The results of ADDIQoL-30 questionnaire are described 
in Table 2. All domain-specific scores strongly correlated 
(ρ = 0.799 ÷ 0.932, p < 0.0001) with ADDIQoL-30, which 
was influenced most by the domain “Fatigue”.

Total and domain-specific ADDIQoL scores were simi-
lar between primary and secondary AI, regardless of age 
and glucocorticoid daily dose. However, a gender differ-
ence was highlighted for both total ADDIQoL and the 
domain “Symptoms”, where males’ QoL was better than 
females’ (p = 0.029 and 0.005, respectively; Supplemental 
Table 1). Non-diabetic patients had a significantly superior 
QoL than diabetic ones; also, a history of ischemic heart 
disease was associated with a worse QoL.

A moderate,  negative cor relation was found 
between ADDIQoL-30 and the degree of concern for 
the pandemic expressed by the CORTI-COVID score 
(ρ = −0.474, p < 0.0001). Moreover, all four ADDIQoL 
domains moderately correlated with the CORTI-
COVID score (ρ = − 0.350 ÷ − 0.482, p < 0.0001), as 
well as all five CORTI-COVID items correlated with 
ADDIQoL-30 (ρ = − 0.193 ÷ − 0.421, p < 0.035). The 
COVID-19 patient totalized an ADDIQoL-30 of 166/180 

(“Fatigue” = 44, “Symptoms” = 51, “Emotions” = 44, 
“Miscellaneous” = 27).

SF‑36

Table 2 illustrates patients’ SF-36. All results were signifi-
cantly associated, but the strongest correlation was found 
between the domains “Energy/fatigue” and “Emotional 
wellbeing” (ρ = 0.786, p < 0.0001); “Energy/fatigue” was the 
most contributing domain to the “General health perception” 
(ρ = 0.700, p < 0.0001).

SF-36 results were similar between primary and second-
ary AI. Males had a slightly better health perception than 
females, which became significant for the domains “Energy/
fatigue” and “Emotional wellbeing” (p = 0.030 and 0.044, 
respectively; Supplemental Table 2). Elder participants 
scored worse in “Physical functioning” (correlation with age 
ρ = − 0.260, p = 0.004), whereas patients using higher gluco-
corticoid doses scored better in “Physical pain” (ρ = 0.212, 
p = 0.020). Diabetes mellitus was the comorbidity with the 
largest negative impact on QoL; cardiovascular diseases/risk 
factors impaired the “Social functioning” and, as autoim-
mune disorders, the “Role limitation due to physical health”.

The correlation between SF-36 and ADDIQoL-30 
was strong, particularly in detecting fatigue (ρ = 0.802, 
p < 0.0001) and emotional aspects (ρ = 0.814, p < 0.0001). 
The domains “Energy/fatigue”, “Emotional wellbeing” 
and “General health perception” showed the strongest cor-
relations with ADDIQoL-30 (ρ = 0.836, 0.772 and 0.734, 
respectively; p < 0.0001).

Almost all SF-36 domains were inversely correlated with 
the CORTI-COVID items, the strongest correlation existing 
between total CORTI-COVID and “General health percep-
tion” (ρ = − 0.425 p < 0.0001). Participants with a higher 
“General health perception” preferred optimistic hashtags 
(#4, #5) over resilient ones (p = 0.035). The COVID-19 
patient perceived a good health-related QoL, scoring 100% 
in most domains (“Energy/fatigue” = 70%, “Emotional well-
being” = 64%, “General health perception” = 90%).

Primary vs Secondary AI (Table 2)

Concern for personal health most influenced the final score 
in primary AI (ρ = 0.888, p < 0.0001). Concern for econ-
omy most impacted the secondary AI final score (ρ = 0.854, 
p < 0.0001), which was inversely correlated with age 
(ρ = − 0.236, p = 0.043); the items “occupation” (ρ = − 0.385, 
p = 0.001) and “economy” (ρ = − 0.286, p = 0.018) showed 
the same correlation pattern. Gender, geographical distri-
bution and glucocorticoid replacement did not influence 
the separate scores. The presence of comorbidities played 
a significant role only in secondary AI: hypertensive 
patients were more worried for COVID-19-related global 
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health (p = 0.016) and less for occupational consequences 
(p = 0.006); patients with autoimmune diseases were more 
afraid of personal health consequences (p = 0.008). Second-
ary AI patients with autoimmune diseases were also more 
worried for COVID-19-related global health (p = 0.036), 
social consequences (p = 0.010), and totalized a higher 
CORTI-COVID score than their counterpart (20.7 (95% 
CI 18.2–23.2) vs 17.4 (95% CI 16.3–18.4), p = 0.034). The 
degree of occupational concern persisted higher for peo-
ple affected by working restrictions, which involved 60% of 
primary AI (3.1 (95% CI 2.7–3.6) vs 2.2 (95% CI 1.4–3.0), 
p = 0.022) and 35% of secondary AI (3.3 (95% CI 2.8–3.9) 
vs 2.0 (95% CI 1.6–2.4), p < 0.0001) patients. Patients 
with primary AI showed a gender difference in the chosen 
hashtag (#5 for males, #1 and #3 for females, p = 0.023); 
moreover, patients with primary AI who continued to work 
without restrictive measures chose #1, while #3 and #5 were 
preferred by primary AI patients under working restrictions 
(p = 0.024). Regardless of AI etiology, age and glucocorti-
coid dose correlated with no specific hashtags.

Distribution of ADDIQoL-30 scores according to AI 
etiology is shown in Fig. 4. ADDIQoL-30 was similar 
between groups: nevertheless, the domain “Fatigue” was 
the most impacting the ADDIQoL-30 of patients with 
primary AI (ρ = 0.958, p < 0.0001), whereas “Symptoms” 
influenced secondary AI ADDIQoL-30 most (ρ = 0.857, 
p < 0.0001). A gender difference favoring males emerged 
in the secondary AI group for ADDIQoL-30, as well as for 

most domains (p = 0.001–0.031; Supplemental Table 1); 
no correlations were found concerning age and glucocor-
ticoid daily dose. In general, the presence of comorbidities 
was associated to a worse QoL, as shown in Supplemental 
Table 1. In both subgroups, ADDIQoL-30 was moder-
ately, inversely correlated with total CORTI-COVID score 
(ρ = − 0.583 and − 0.427 for primary and secondary AI, 
respectively; p < 0.0001) and all partials (p < 0.025) but 
“occupational concern”.

Also SF-36 results were similar between primary and sec-
ondary AI patients. “General health perception” in primary 
AI was most influenced by the domain “Social function-
ing” (ρ = 0.671, p < 0.0001), whereas in secondary AI the 
most impacting domain was “Energy/Fatigue” (ρ = 0.743, 
p < 0.0001). The gender difference favoring males con-
firmed only for the secondary AI group (p = 0.013–0.032, 
Supplemental Table 2). Similarly, the relationship between 
glucocorticoid dose and Physical pain was found only in 
secondary AI (ρ = 0.302, p = 0.006). Only elder primary AI 
patients had worse Physical functioning- and Physical pain-
related QoL scores (ρ = − 0.341, p = 0.031 and ρ = − 0.314 
p = 0.048, respectively).

The presence of diabetes mellitus and overweight/obe-
sity impaired QoL of both groups, however involving dif-
ferent SF-36 domains (Supplemental Table 2). The cor-
relation between SF-36 and ADDIQoL-30 persisted good 
(ρ = 0.620–0.842 for primary AI and ρ = 0.584–0.822 for 
secondary AI, p < 0.0001), especially concerning “Energy/
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Fig. 4  AddiQoL-30scores totalized by patients with primary (blue lines) and secondary AI (red lines). Extension of colored lines indicates the 
number of patients (concentric circles) totalizing each score
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fatigue” and “Emotional wellbeing”; moreover, the whole 
cohort findings on the correlation between SF-36 and 
CORTI-COVID were confirmed.

Discussion

This is the first study evaluating the impact of SARS-
CoV-2 pandemic on psychophysical stress of patients with 
AI in clinical practice.

Due to the current lockdown dispositions, 40 patients 
with primary AI and 81 patients with secondary AI under-
went a telematics interview aimed at exploring first the 
prevalence, clinical features and outcome of COVID-19. 
Only a woman with postsurgical primary AI was infected 
with SARS-CoV-2; as confirmed by her questionnaire 
results, she promptly applied the “sick days” rules man-
aging the infection with confidence and did not experience 
impairments in QoL or health status. Considering that the 
current seroprevalence of SARS-CoV-2 antibodies in Ital-
ian population is 2.5%, as stated by the latest National 
Institute of Statistics (ISTAT) SARS-CoV-2 seropreva-
lence survey [19], and despite the high prevalence of auto-
immune disease in the study cohort, our AI patients seem 
not at particular risk of COVID-19 (prevalence 0.8%). 
This seems quite surprising for several reasons: first, AI 
patients are notably susceptible to infections due to their 
inefficient innate immune system and hypothalamus–pitui-
tary–adrenal axis activation in response to stressors [20]; 
second, worse outcomes may be expected in COVID-19 
pneumonia, where the “cytokine storm” can target the 
adrenal gland with disruption of residual function [21]; 
third, it must be considered that most of our patients live 
in Marche Region, which was included among the “red 
areas” for weeks due to the elevated contagion rates.

A second investigation topic was the occurrence of adre-
nal crises and their possible association with concomitant 
COVID-19 and/or pandemic-related psychophysical stress. 
In a two-year follow-up study on 423 patients with AI, Hah-
ner et al. observed 46 adrenal crises: of them, 14 (30%) were 
triggered by emotional factors [7]. Here, although the whole 
cohort was exposed simultaneously to an unexpected emo-
tional stress, no adrenal crises were reported. However, six 
of the 14 patients who required glucocorticoid stress doses in 
the previous two months (i.e. 5% of study participants) iden-
tified in the pandemic-related emotional stress the reason for 
the up-titration. This, along with the reduced physical stress 
due to social distancing, could have had a role in preventing 
adrenal crises in our cohort and confirms the central impor-
tance of health education in AI. It must be noticed that all 
primary AI patients who needed glucocorticoid stress doses 
were females, which suggests that women with primary AI 
may be more conscious of their disease, have more anxiety 

or less adaptive capacity to psychophysical stress than men. 
This is in line with existing data on the correlation between 
female gender and the risk of overtreatment in patients with 
AI [22].

To assess the emotional impact of the pandemic-induced 
lockdown and social distancing we asked our patients to 
fill out telematically the “CORTI-COVID”, a purpose-built 
questionnaire exploring patients’ concern about COVID-
19-related general health, AI-specific health, occupational 
consequences, economic impact, and social implications. 
Most available patients joined the initiative with enthusi-
asm, appreciating the opportunity of a remote, but close con-
tact with their dedicated clinicians during such a difficult 
moment. Globally, our patients’ degree of concern was high 
(mean CORTI-COVID score 17.7, 95% CI 16.9–18.6), with-
out differences related to demography, replacement therapy, 
or AI etiology (Fig. 5). However, secondary AI patients were 
more worried about the economic impact of the pandemic, 
whereas primary AI patients feared for their personal health 
most (ρ = 0.854 and 0.888, respectively; p < 0.0001). This 
finding is of crucial importance since patients with primary 
AI seem more aware of their fragility and serious health 
risks than patients with secondary AI, where the involve-
ment of other pituitary deficiencies and related comor-
bidities often diverts their attention from the importance 
of preserving adrenal function. Especially in secondary AI 
patients, indeed, the presence of comorbidities, above all 
hypertension, was associated with worse CORTI-COVID 
scores. Considering that both hypertension and overweight/
obesity are negative prognostic factors for ARDS and death 
in COVID-19, particularly in elderly men [23], this is not 
surprising, since in our secondary AI patients hypertension 
was more prevalent in males, often concurring with over-
weight/obesity and old age.

The CORTI-COVID questionnaire well characterized 
the emotional impact of the pandemic for several reasons: 
first, it is targeted to this study purpose; second, even if a 
control group for the validation is lacking, the simultane-
ous completion by a large cohort of patients, who were 
all exposed to the same stressor, empowers its validity; 
third, its results correlated with those of ADDIQoL-30 
and SF-36, two of the most largely used questionnaires 
to assess the self-reported health-related QoL both in AI 
and in the general population [5, 17, 24], making CORTI-
COVID a very reliable tool. With respect to QoL and 
health status, patients were in a general state of wellbe-
ing, but reported a widespread concern, which involved 
personal health and occupational issues in the younger, 
economic and social aspects in the elder. Psychological 
impact due to working restrictions and economic damage 
was certainly strong (21% patients underwent layoff or 
withdrawal) but, in contrast to Hahner’s previous find-
ings [7], it fortunately did not trigger any adrenal crises. 
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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 
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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