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Abstract 

Background: It is unclear whether targeted monitoring of acute adrenal insufficiency (AI) related adverse events (AE) such as sick day episodes 
(SDEs) and hospitalization rate in congenital adrenal hyperplasia (CAH) is associated with a change in the occurrence of these events.

Aim: Study temporal trends of AI related AE in the I-CAH Registry.

Methods: In 2022, data on the occurrence of AI-related AE in children aged <18 years with 21-hydroxylase deficiency CAH were compared to 
data collected in 2019.

Results: In 2022, a total of 513 children from 38 centers in 21 countries with a median of 8 children (range 1-58) per center had 2470 visits 
evaluated over a 3-year period (2019-2022). The median SDE per patient year in 2022 was 0 (0-2.5) compared to 0.3 (0-6) in 2019 (P = .01). 
Despite adjustment for age, CAH phenotype and duration of study period, a difference in SDE rate was still apparent between the 2 cohorts. 
Of the 38 centers in the 2022 cohort, 21 had also participated in 2019 and a reduction in SDE rate was noted in 13 (62%), an increase was 
noted in 3 (14%), and in 5 (24%) the rate remained the same. Of the 474 SDEs reported in the 2022 cohort, 103 (22%) led to hospitalization 
compared to 299 of 1099 SDEs (27%) in the 2019 cohort (P = .02).

Conclusion: The I-CAH Registry can be used for targeted monitoring of important clinical benchmarks in CAH. However, changes in reported 
benchmarks need careful interpretation and longer-term monitoring.

Key Words: 21-hydroxylase deficiency, adrenal insufficiency, adverse events, benchmark, congenital adrenal hyperplasia, sick day episodes, quality 
improvement, registry

Abbreviations: 21-OHD, 21-hydroxylase deficiency; AC, adrenal crisis; AE, adverse event; AI, adrenal insufficiency; CAH, congenital adrenal hyperplasia; FC, 
fludrocortisone; GC, glucocorticoid; SDE, sick day episode; SW, salt wasting.

Congenital adrenal hyperplasia (CAH) resulting from 
21-hydroxylase deficiency (21-OHD) is the most common 
genetic cause of adrenal insufficiency (AI) in childhood with 
a reported worldwide incidence ranging between 1 in 14  
000 and 1 in 18 000 births [1]. Acute AI-related adverse events 
(AEs), including sick day episodes (SDEs) and adrenal crises 
(AC) are a major cause of morbidity in these patients with a 
reported incidence of 2.7 and 10.9 per 100 person-years [2-6]. 
Reduction of acute AI-related AEs may be achieved through op-
timization of therapy and prevention of acute sequelae with new 
therapies often aiming to have a beneficial impact on acute 
AI-related AEs [7, 8]. The cornerstone of prevention of acute 
events also includes structured patient and parental education, 
family support events, and provision of a steroid emergency 
plan and cards [9, 10]. Temporal trends of adrenal insufficiency 
have been studied but have mainly focused on hospital admis-
sions and adrenal crises in adolescents and young adults 
[11, 12]. Over the past few years, the International CAH 
Registry (I-CAH) has increasingly demonstrated its ability 
to use routinely collected real-world data to create clinical 
benchmarks and understand geographical and temporal 
trends in routine clinical practice and core clinical outcomes 
such as acute AE-related AI events [6, 13-15]. Centers that 

participate in this registry employ a range of measures that 
may improve the quality of care [6]. Following an initial study 
of the occurrence of AI-related AEs that led to a creation of 
a benchmark of these events among participating centers, 
individual centers were provided with a center-specific bench-
marking report with information on the quality of care, as re-
flected by SDEs, adrenal crises, and hospitalization rates [16]. 
The aim of the current study was to investigate temporal 
changes in the occurrence of acute AI-related AEs since the ini-
tial benchmarking exercise.

Methods

Study Population

All patients younger than age 18 years with visits during a 
3-year period from August 2019 who were registered as hav-
ing 21-OHD CAH were identified from the I-CAH Registry 
in November 2022 (https://sdmregistries.org/) and centers 
with eligible cases were invited to participate. All patients 
who were older than 18 years at the end of July 2022 or di-
agnosed with other forms of CAH were excluded. The I-CAH 
Registry is an international database of pseudonymized in-
formation on patients with CAH and is approved by the 
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National Research Ethics Service in the United Kingdom as 
a research database of information that is collected as part 
of routine clinical care [17]. The data within the registry 
are deposited by clinicians following informed consent 
from patients or guardians. For the purpose of this study, 
the phenotypic classification into salt-wasting and simple 
virilizing CAH was based on concurrent treatment with flu-
drocortisone (FC).

Clinical Data Collection

Clinicians with eligible cases were instructed to enter data on 
acute AI-related AEs for a minimum of 2 clinic visits per year 
per case for the period beginning August 2019 to the end 
of July 2022 . For consistency with the previous analysis 
performed in 2019, data from cases with even a single clinic 
visit were included in the analysis. SDEs and AC were based 
on the clinical judgment of the reporting clinician and were 
all associated with an increase in glucocorticoid (GC) dosing. 
Details of the data that were collected on these events have 
been previously described [6]. In cases where no visits had 
any data on acute AI-related AEs, the center was asked to con-
firm that the case had no events. Data were also gathered 
about GC and FC regimens at the time of clinic visits and 
which, as previously described, were based on individual cen-
ter’s practice [14]. These doses were converted to total 
hydrocortisone-equivalent GC dose as previously described 
[18]. GC and FC doses were categorized as low, normal, or 
high, based on Endocrine Society clinical practice guidance 
for 21-hydroxylase deficiency CAH as follows: GC low 
<10 mg/m2/day, normal 10 to 15 mg/m2/day, high >15 mg/ 
m2/day; FC low <50 µg/day, normal 50-200 µg/day, and 
high >200 µg/day [19]. CAH-related hospitalization included 
attendance at emergency room, hospital admission, and inten-
sive care unit admission in both exercises, as recorded in the 
longitudinal module in I-CAH. Cases that were recorded to 
be on FC were categorized as having salt-wasting CAH.

Statistical Analysis

The observed frequency of SDE was determined as incidence 
rate, calculated as the number of SDE divided by person-years. 
For assessment of geographical differences in the occurrence 
of SDE, participating countries were categorized as those 
from a low- or-middle-income country or from a high-income 
country as defined by the 2023 World Bank classification [20]. 
Inter-group comparison for these variables was performed by 
the Mann-Whitney U test. The Fisher exact test was per-
formed to compare proportions in different groups. Results 
were reported as frequencies, percentages, medians, and 
ranges. The centers that participated in the previous 2019 ex-
ercise had an intra-center comparison that enabled an assess-
ment of change of each center’s benchmark as well as the 
change of the overall I-CAH benchmark. SDE rates for 2019 
and 2022 were displayed as funnel plots that were created us-
ing RStudio (v.12.0, Boston, MA, USA). Because the cohort 
studied in this study was restricted to the 3-year period of 
2019 through 2022 and the previous cohort in 2019 did not 
have a restriction and included all data available up until 
that year, a further comparison was performed of the 2022 co-
hort with a cohort that just included data between 2016 to 
2019. Further analyses that adjusted for age and phenotype 
(only salt-wasting [SW]) was also performed. All data analysis 
was performed using SPSS (v.25.0, Armonk, NY: IBM Corp) 
and GraphPad (v.10.1, Boston, MA, USA).

Results

Description of Cases and Comparison to the 2019 
Cohort

A total of 942 patients from 48 centers were eligible for inclu-
sion in the study. Data on AEs were available for 513 children 
and, of those, 257 (50%) were boys, 406 (79%) had SW CAH 
and 100 (20%) had simple virilizing CAH (Table 1). These 
children were reported from 38 centers in 21 countries with 
a median of 8 cases per center (range, 1-58). Within the 38 
centers, there were 27 high-income country and 11 low- 
or-middle-income country centers. A total of 2470 clinic vis-
its, occurring between August 2019 and August 2022, were 
evaluated in these 513 children, comprising a total of 880 
patient-years (Table 1). The median duration of follow-up 
per patient was 2 years (0.1-2.9), with a median of 2.4 visits 
per patient-year (0.7-20.7). In the 2019 cohort, the median 
duration of follow-up per case was 3 years (0,1-17.9) with a 
median of 2.9 visits per patient-year (0.3-25.7). The median 
patient age at the time of each visit was 8.1 years (0-17.9) 
(Table 1). Of the 2172 visits where the GC dose was recorded, 
in 1288 visits (59%), the dose was within the recommended 
range, whereas in 439 visits (20%) this was high and in 445 
visits (21%) low (Table 1). Of the 2470 clinic visits, hydrocor-
tisone was the GC used in 2178 (88%), prednisolone in 18 
(0.7%), dexamethasone in 15 (0.6%), and other or not re-
ported in 226 (9.7%).

Trends in Acute AI-related AE Rates

The median SDE per patient-year per center was 0 (0-2.5) in 
2022 compared to 0.3 (0-6) in 2019 (P = .01) (Fig. 1). The 
data for each center that participated in 2019 and in 2022 
showed a reduction in SDE rate across all centers (Fig. 2). 
Although the reported SDE rate were much more variable in 
the centers that had included a smaller number of cases 
(Fig. 2), the reduction in SDE rate was generally observed in 
most centers regardless of the case load (Fig. 3). Of the 38 cen-
ters in the 2022 cohort, 21 (55%) had also participated in 2019 
and a reduction in SDE per patient-year was noted in 13 (62%) 
centers, whereas in 5 (24%) the SDE rate remained the same 
and in 3 (14%) it showed an increase (Fig. 3). Of the 474 
SDEs reported in the 2022 cohort, infectious illnesses were 
reported as the precipitating factor in 287 (61%) compared 
to 1105 of 1544 SDE events in the 2019 cohort (72%) 
(P < .001). Other precipitating factors for the 474 SDEs in 
the 2022 cohort included surgery in 12 (3%) and miscellaneous 
in 43 (9%). The median SDE per patient-year was also higher in 
the 2016 through 2019 cohort at 0.55 (0-11.2) compared to 
0 (0-2.5) in the 2019 to 2022 cohort (P = .007). The median 
hospitalization rate per patient-year per center was not different 
between the 2 cohorts, at 0 (0-1) in 2022 compared to 0 (0-2.2) 
in 2019 (P = .06) (Fig. 1). This was also similar to the rate of the 
2016 to 2019 cohort (P = .9). Of the 474 SDEs reported in 
2022, 103 (22%) led to hospitalization and this proportion 
was lower than that reported in 2019 when 299 SDEs of a total 
of 1099 (27%) led to hospitalization (P = .02). When compared 
to the 2016 to 2019 data, the hospitalization rate, at 17% 
(66 SDEs of 296 SDEs reported in total), was not statistically 
significantly different compared to 2022, P = .06. The median 
rate of AC per patient-year per center was 0 (0-5.3) in 2022 
and 0 (0-3) in 2019 (P = .5) (Fig. 1). This did not differ signifi-
cantly compared to the 2016 to 2019 cohort either (P > .05). 
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The trend of SDEs per patient year in yearly intervals during 
2016 to 2022 is shown in Fig. 4.

SDE Rate Analysis Based on CAH Phenotype 
and Age Categories

Because the age of the children in the 2022 cohort was older 
and the proportion of children with SW CAH was lower 
(Table 1), the analysis was also performed after adjustment 
for these variables. The relevant information is shown in 

Table 1. After adjustment for the SW phenotype, the median 
SDE per patient-year remained higher in 2019 compared to 
2022 at 0.38 (0-13.3) vs 0 (0-12), P < .01 respectively. All 
age bands, except for the oldest one, were observed to have 
higher SDE rates in the 2019 cohort (Fig. 5). Similar analysis 
was performed following stratification for a combination of 
age categories at time of visit and phenotype. The statistically 
significant differences were eliminated except for those with 
a SW group who were younger than age 1 year (Fig. 5). In the 

Table 1. Clinical variables of the 3 cohorts: (1) current cohort covering all visit data between 2019 and 2022, (2) previous cohort covering all visit 

data up to 2019 (1984-2019), and (3) all visit data between 2016 and 2019

2019-2022 Prior to 2019 2016-2019

Centers (n) 38 32 27

Countries (n) 21 18 17

Patients (n) 513 516 222

Patients per age band at time of visit (n)

<1 y 73 418 43

1-4.9 y 136 416 86

5-14.9 y 321 182 102

15-17.9 y 72 57 29

Visits (n) 2470 5388 786

Total patient-years 880 2300 256

Median number of children per center (range) 8 (1-58) 11 (1-53) 5 (1-27)

Median age, y (10th-90th centile) 8.1 (1.1-14.9) 2 (0.2-10.3)a 4.84 (0.2-14.6)b

M:F ratio (%) 50:50 47:53 45:55

LMIC:HIC ratio (%) 29:71 34:66 33: 67

CAH phenotype 
SW:SV:NK (%)

79:20:1 89:11:0a 92:8%:0a

Number of visits with GC dose data (%) 2172 (88%) 4226 (78%) 551 (70%)

Daily GC dose 
Normal:high:low (%)

59:20:21 48:28:24a 49:22:29a

Median SDE per patient-y per center (range) 0 (0-2.5) 0.3 (0-6)b 0.55 (0-11.2)a

Median AC per patient-y per center (range) 0 (0-5.3) 0 (0-3) 0 (0-1.4)

Median hospitalization per patient-y per center (range) 0 (0-1) 0 (0-2.2) 0 (0-6.9)

Abbreviations: AC, adrenal crisis; CAH, congenital adrenal hyperplasia; GC, glucocorticoid; HIC, high income countries; LMIC, low- to middle-income country; NK, 
not known; SDE, sick day episode; SV, simple virilizing; SW, salt wasting. 
The sum of the patients in each age band exceeds the total number of patients as the age refers to the decimal age at the time of visit and some patients had visits in more 
than 1 age band. 
a
P < .01, bP = .01.

Figure 1. Violin plots showing the median adrenal insufficiency-related adverse events rate sick day episode (SDE), adrenal crises (AC) and hospitalization 

per patient-year in the 2019 cohort (covering visit data between 1984 and 2019) and the 2022 cohort (covering visit data between 2019 and 2022). 

*P = .01.
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2019 to 2022 cohort, of the 513 patients, age of first presen-
tation was available in 492 cases and, of these, 483 (98%) 
first presented before the age of 8 years (females:males, 
233:249), whereas 9 (1.8%) had their first presentation be-
tween the ages of 8 and 12 years (female:males, 3:6) and 
only 1 female first presented between the age of 12 and 
16 years.

Discussion

We report the first multicenter, international study that has 
evaluated changes in the occurrence of acute AI-related AE 
in children with 21-OHD CAH. Although other studies 
have focused on ACs in adolescence and adulthood [11, 12], 
the current study has reported on multiple outcomes related 
to CAH, including the occurrence of SDEs, Acs, and hospital-
ization rates in children aged 0 to 18 years. The study also 

provides a framework for the continued surveillance of 
AI-related AEs in CAH that can support a long-term quality 
improvement exercise. We show that the period between 
2019 and 2022 was associated with a reduction in reported 
SDE compared to the original report in 2019 [6] and there 
may be several reasons for this observation.

Previous analysis of the I-CAH cohort had reported that 
factors associated with a higher likelihood of SDE included 
an age between 1 and 4 years and 15 and 18 years and an 
SW phenotype, whereas a higher hydrocortisone dose had 

been associated with a lower likelihood of SDE [6]. The cohort 

in the current study was indeed older and had a lower propor-

tion of children with SW CAH but adjusting for these 2 vari-

ables did not change the observation of a reduction in SDE 

rates. Given that almost all the cases in the 2022 cohort had 

presented in early childhood, the likelihood of any of them 

having nonclassical forms of 21-OHD CAH was also highly 

Figure 2. Funnel plots showing the sick day episode (SDE) benchmarks in 2019 and 2022. The continuous line indicates the overall mean SDE for the 
2019 and 2022 cohort. Each center is represented by a number, which is the same if they participated in the 2019 and 2022 cohorts. The dotted lines 

indicate the 2 SD and 3 SD from the overall mean.

Figure 3. Change in reported sick day episode (SDE) rates in the 21 centers that participated in both 2019 and 2022 cohorts expressed as median SDE per 

patient-year per center. Reduction in SDE per patient year was noted in 13 centers, in 5 centers the SDE rate remained stable, and increased SDE rate was 

noted in 3 centers.
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unlikely. It is also notable that the 2022 cohort had a lower 

proportion of cases on a higher dose of hydrocortisone and 

despite this, the cohort displayed a lower SDE. We therefore 

believe that case selection was not a plausible explanation 

for the observed fall in SDE rate. In the cohorts studies, only 

10% to 20% of the cohorts were classed as not having SW 

CAH based on the fact that they were not reported to be on 

FC at the visit. However, it is possible that these cases, labelled 

as simple virilizing may have still had SW given that this con-

dition may be a continuum in CAH [1]. Furthermore, drug 
availability may vary among different countries and a limited 
availability of FC could also play a role in the occurrence 
of SDE.

Given that the definition of SDE is not robust and may be 
prone to variation between reporting centers [9], it is possible 
that there may have been interobserver reporter variation or 
new centers that joined the exercise after 2019 had a different 
definition of SDE. However, the reduction in SDE was ob-
served in most of the centers that participated in both 2019 
and 2022. Adrenal crises in childhood CAH are rarely ob-
served [6] and it is therefore not surprising that no clear 
change was observed for this event.

Viral illnesses are a common contributory factor for SDE in 
children [21] and it is possible that an explanation for the ob-
served decrease in SDEs was the reduced incidence and trans-
mission of pediatric viral and bacterial illnesses because of the 
lock-down during the COVID-19 pandemic period [22-25], 
which coincided with the 3-year period up to 2022. 
Although it is possible that inadequately controlled cases of 
primary adrenal insufficiency because of CAH were at an in-
creased risk of acute AI-related AEs during the pandemic 
[26-28], the current study agrees with other observations 
that children with CAH were not at an increased risk of severe 
AI-related AEs during the pandemic period [29]. It is also pos-
sible that the health care strains during the pandemic may 
have altered the clinical encounters between patients, parents, 
and health care providers and affected recall or reporting of 
SDE. The recall bias could also have been introduced by health 
care professionals who may not have reported the SDEs as as-
siduously as before. The observation of a fall in the proportion 
of SDE cases that led to a hospitalization may also have been 
related to the pandemic, although it is also possible that this 
may have been due to better management of the SDE at 
home. Another possible bias may have been introduced be-
cause of some centers recruiting a limited proportion of cases 
at their center. However, it was reassuring to see that the 

Figure 4. Trend of SDEs per patient year in yearly intervals during 

2016-2022.

Figure 5. Median sick day episode (SDE) per patient-year by age bands for all phenotypes and for only the salt-wasting (SW) phenotype based on the data 

from the 2019 and 2022 cohorts, respectively. **P < .01 and *P < .05.
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funnel plot analysis showed that a reduction in SDE was ob-
served regardless of the number of cases at any center. 
Nevertheless, studying these trends for longer will allow ex-
ploration of these possible explanations in the future.

Following the initial benchmarking exercise in 2019, 
participating centers had each received a center-specific re-
port of their center’s acute AI-related AE rate in comparison 
to the overall benchmark for all participating centers. 
Benchmarking in clinical practice can potentially contribute 
to improving the quality of care in health care settings 
through a variety of methods including identification of 
best practices, performance measurement, resource alloca-
tion, greater focus on patient outcomes, standardization of 
processes, and informed decision making [30, 31]. It is pos-
sible that the feedback that was provided to the centers 
through the benchmarking reports in 2019 acted as a tool 
that raised awareness of acute adrenal insufficiency-related 
adverse events among participating centers and promoted 
care quality improvement. Strategies to reduce adrenal crises 
in adrenal insufficiency, including structured and repeated pa-
tient education, have been previously explored [32-34]. It is 
possible that the different centers may have employed differ-
ent strategies, and this needs further investigation to under-
stand practices that may have contributed to the observed 
improvement. As the I-CAH dataset continues to increase 
and enrich with more cases, it is possible that in the future 
there may be a role for exploring a relationship of acute 
AI-related AE to the specific genotype.

In summary, the I-CAH Registry can be used for targeted 
monitoring of important clinical benchmarks. However, in-
terpretation of data needs to be undertaken carefully. 
Among participating centers, a clear reduction of SDEs was 
observed between 2019 and 2022 in children with CAH. 
There is a need to explore the factors that may have influenced 
this change and this will be achieved as the exercise is repeated 
again over the longer term.

Acknowledgments

This work would not be possible without the children with 
CAH whose data have been included in the I-CAH Registry. 
E.G. is grateful for the support of Dr N. Zelinska.

Funding

The I-CAH Registry was developed using support from an un-
restricted education grant from Diurnal Ltd and research 
grants from the Medical Research Council United Kingdom 
(G1100236), the Seventh Framework Program European 
Union (201444), and the European Society for Paediatric 
Endocrinology United Kingdom.

Author Contributions

X.T., S.R.A., J.B., and S.F.A. conceptualized and designed the 
study, coordinated and supervised data collection, performed 
the initial analyses, drafted the initial manuscript, and ap-
proved the final manuscript as submitted. X.T. undertook 
the statistical analyses. All authors contributed to data acqui-
sition, revision of the manuscript, have read and approved the 
final report, and take public responsibility and accountability 
for the results.

Disclosures

S.F.A. has received an unrestricted education grant from 
Neurocrine Biosciences.

Data Availability

Some or all datasets generated during and/or analyzed during 
the current study are not publicly available but are available 
from the corresponding author on reasonable request.

References

1. Claahsen-Van Der Grinten HL, Speiser PW, Ahmed SF, et al. 

Congenital adrenal hyperplasia—current insights in pathophysi-

ology, diagnostics, and management. Endocr Rev. 2022;43(1): 

91-159.

2. Johannsson G, Falorni A, Skrtic S, et al. Adrenal insufficiency: re-

view of clinical outcomes with current glucocorticoid replacement 

therapy. Clin Endocrinol (Oxf). 2015;82(1):2-11.

3. Odenwald B, Nennstiel-Ratzel U, Dörr HG, Schmidt H, Wildner 

M, Bonfig W. Children with classic congenital adrenal hyperplasia 

experience salt loss and hypoglycemia: evaluation of adrenal crises 

during the first 6 years of life. Eur J Endocrinol. 2016;174(2): 

177-186.

4. Ishii T, Adachi M, Takasawa K, et al. Incidence and characteristics 

of adrenal crisis in children younger than 7 years with 

21-hydroxylase deficiency: a nationwide survey in Japan. Horm 

Res Paediatr. 2018;89(3):166-171.

5. Rushworth RL, Falhammar H, Munns CF, Maguire AM, Torpy 

DJ. Hospital admission patterns in children with cah: admission 

rates and adrenal crises decline with age. Int J Endocrinol. 

2016;2016:5748264.

6. Ali SR, Bryce J, Haghpanahan H, et al. Real-world estimates of ad-

renal insufficiency-related adverse events in children with congeni-

tal adrenal hyperplasia. J Clin Endocrinol Metab. 2021;106(1): 

e192-e203.

7. Merke DP, Mallappa A, Arlt W, et al. Modified-release hydrocorti-

sone in congenital adrenal hyperplasia. J Clin Endocrinol Metab. 

2021;106(5):e2063-e2077.

8. Neumann U, Braune K, Whitaker MJ, et al. A prospective study of 

children aged 0–8 years with cah and adrenal insufficiency treated 

with hydrocortisone granules. J Clin Endocrinol Metab. 

2021;106(3):e1433-e1440.

9. Ali SR, Bryce J, Krone NP, Claahsen-van der Grinten HL, Ahmed 

SF. Management of acute adrenal insufficiency-related adverse 

events in children with congenital adrenal hyperplasia: results of 

an international survey of specialist centres. Horm Res Paediatr. 

2022;95(4):363-373.

10. Nowotny H, Ahmed SF, Bensing S, et al. Therapy options for ad-

renal insufficiency and recommendations for the management of 

adrenal crisis. Endocrine. 2021;71(3):586-594.

11. Chrisp GL, Quartararo M, Torpy DJ, Falhammar H, Rushworth 

RL. Trends in hospital admissions for adrenal insufficiency in ado-

lescents and young adults in the 21st century. Front Endocrinol 

(Lausanne). 2022;13:986342.

12. Shaka H, Manz S, El-Amir Z, Wani F, Salim M, Kichloo A. 

Ten-year trends in adrenal insufficiency admissions. Proc (Bayl 

Univ Med Cent). 2022;35(3):297-300.

13. Schröder MAM, Neacşu M, Adriaansen BPH, et al. Hormonal con-

trol during infancy and testicular adrenal rest tumor development in 

males with congenital adrenal hyperplasia: a retrospective multi-

center cohort study. Eur J Endocrinol. 2023;189(4):460-468.

14. Bacila I, Freeman N, Daniel E, et al. International practice of cor-

ticosteroid replacement therapy in congenital adrenal hyperplasia: 

data from the I-CAH registry. Eur J Endocrinol. 2021;184(4): 

553-563.

15. Lim DBN, Bryce J, Ali SR, et al. Association of newborn screening 

of congenital adrenal hyperplasia with outcomes in the first 90 days 

Journal of the Endocrine Society, 2024, Vol. 8, No. 10                                                                                                                                     7

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/je
s
/a

rtic
le

/8
/1

0
/b

v
a
e
1
4
5
/7

7
3
6
7
1
7
 b

y
 g

u
e
s
t o

n
 1

6
 S

e
p
te

m
b
e
r 2

0
2
4



of life: a multi-centre I-CAH registry analysis of contemporary 

practice. In Program of the 50th Annual Meeting of the British 

Society of Paediatric Endocrinology and Diabetes; November 

8-10, 2023, Manchester, UK. Endocrine Abstracts 2023; p 28 

(Oral communication 8.4).

16. Tseretopoulou X, Bryce J, Chen M, et al. The I-CAH registry: a 

platform for international collaboration for improving knowledge 

and clinical care in congenital adrenal hyperplasia. Clin 

Endocrinol (Oxf). 2023. Doi: 10.1111/cen.14961

17. Ali SR, Lucas-Herald A, Bryce J, Ahmed SF. The role of internation-

al databases in understanding the aetiology and consequences of 

differences/disorders of sex development. Int J Mol Sci. 2019; 

20(18):4405.

18. Hindmarsh PC. Management of the child with congenital adrenal 

hyperplasia. Best Pract Res Clin Endocrinol Metab. 2009;23(2): 

193-208.

19. Speiser PW, Arlt W, Auchus RJ, et al. Congenital adrenal hyperpla-

sia due to steroid 21-hydroxylase deficiency: an endocrine society 

clinical practice guideline. J Clin Endocrinol Metab. 2018;103(11): 

4043-4088.

20. World Bank Group. World Bank Country and Lending Groups. 

2023. Accessed January 20, 2024. https://datahelpdesk. 

worldbank.org/knowledgebase/articles/906519–world-bank-country- 

and-lending-groups

21. El-Maouche D, Hargreaves CJ, Sinaii N, Mallappa A, 

Veeraraghavan P, Merke DP. Longitudinal assessment of illnesses, 

stress dosing, and illness sequelae in patients with congenital adrenal 

hyperplasia. J Clin Endocrinol Metab. 2018;103(6):2336-2345.

22. Cohen PR, Rybak A, Werner A, et al. Trends in pediatric ambula-

tory community acquired infections before and during COVID-19 

pandemic: a prospective multicentric surveillance study in France. 

Lancet Reg Health Eur. 2022;22:100497.

23. Yeoh DK, Foley DA, Minney-Smith CA, et al. Impact of corona-

virus disease 2019 public health measures on detections of influenza 

and respiratory syncytial virus in children during the 2020 

Australian winter. Clin Infect Dis. 2021;72(12):2199-2202.

24. Belingheri M, Paladino ME, Piacenti S, Riva MA. Effects of 

COVID-19 lockdown on epidemic diseases of childhood. J Med 

Virol. 2021;93(1):153-154.

25. Brueggemann AB, Jansen van Rensburg MJ, Shaw D, et al. Changes 

in the incidence of invasive disease due to Streptococcus pneumo-

niae, Haemophilus influenzae, and Neisseria meningitidis during 

the COVID-19 pandemic in 26 countries and territories in the inva-

sive respiratory infection surveillance initiative: a prospective 

analysis of surveillance data. Lancet Digit Health. 2021;3(6): 

e360-e370.

26. Knowles G, Warmington E, Shepherd LM, et al. Impact of corona-

virus disease 2019 on patients with primary adrenal insufficiency: a 

cross-sectional study. Endocr Connect. 2023;12(8):e230122.

27. Nowotny HF, Bryce J, Ali SR, et al. Outcome of COVID-19 infec-

tions in patients with adrenal insufficiency and excess. Endocr 

Connect. 2023;12(4):e220416.

28. Cozzolino A, Hasenmajer V, Newell-Price J, Isidori AM. 

COVID-19 pandemic and adrenals: deep insights and implications 

in patients with glucocorticoid disorders. Endocrine. 2023;82(1): 

1-14.

29. Banull NR, Reich PJ, Anka C, et al. Association between endocrine 

disorders and severe COVID-19 disease in pediatric patients. Horm 

Res Paediatr. 2022;95(4):331-338.

30. Willmington C, Belardi P, Murante AM, Vainieri M. The contribu-

tion of benchmarking to quality improvement in healthcare. A sys-

tematic literature review. BMC Health Serv Res. 2022;22(1):139.

31. NHS Improvement overview—change management –the systems and 

tools for managing change. 2011. Accessed December 19, 2023 

https://www.england.nhs.uk/improvement-hub/wp-content/uploads/ 

sites/44/2017/11/Overview-Change-management.pdf

32. Burger-Stritt S, Eff A, Quinkler M, et al. Standardised patient edu-

cation in adrenal insufficiency: a prospective multi-centre evalu-

ation. Eur J Endocrinol. 2020;183(2):119-127.

33. Ekbom K, Strandqvist A, Lajic S, Hirschberg A, Falhammar H, 

Nordenström A. The impact of adherence and therapy regimens 

on quality of life in patients with congenital adrenal hyperplasia. 

Clin Endocrinol (Oxf). 2022;96(5):666-679.

34. Dörr HG, Wollmann HA, Hauffa BP, Woelfle J. Mortality 

in children with classic congenital adrenal hyperplasia and 

21-hydroxylase deficiency (CAH) in Germany. BMC Endocr 

Disord. 2018;18(1):37.

8                                                                                                                                     Journal of the Endocrine Society, 2024, Vol. 8, No. 10

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/je
s
/a

rtic
le

/8
/1

0
/b

v
a
e
1
4
5
/7

7
3
6
7
1
7
 b

y
 g

u
e
s
t o

n
 1

6
 S

e
p
te

m
b
e
r 2

0
2
4

https://doi.org/10.1111/cen.14961
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519&ndash;world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519&ndash;world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519&ndash;world-bank-country-and-lending-groups
https://www.england.nhs.uk/improvement-hub/wp-content/uploads/sites/44/2017/11/Overview-Change-management.pdf
https://www.england.nhs.uk/improvement-hub/wp-content/uploads/sites/44/2017/11/Overview-Change-management.pdf

	Temporal Trends in Acute Adrenal Insufficiency Events �in Children With Congenital Adrenal Hyperplasia �During 2019-2022
	Methods
	Study Population
	Clinical Data Collection
	Statistical Analysis

	Results
	Description of Cases and Comparison to the 2019 Cohort
	Trends in Acute AI-related AE Rates
	SDE Rate Analysis Based on CAH Phenotype and Age Categories

	Discussion
	Acknowledgments
	Funding
	Author Contributions
	Disclosures
	Data Availability
	References


