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Abstract

Background: It is unclear whether targeted monitoring of acute adrenal insufficiency (Al) 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 Al related AE in the I-CAH Registry.

Methods: In 2022, data on the occurrence of Al-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: 21-0HD, 21-hydroxylase deficiency; AC, adrenal crisis; AE, adverse event; Al, 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 (Al) in childhood with
a reported worldwide incidence ranging between 1 in 14
000 and 1in 18 000 births [1]. Acute Al-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 Al-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
Al-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 Al 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 Al-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 Al-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 Al-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 Al-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/m?*/day, normal 10 to 15 mg/m?*/day, high >15 mg/
m?/day; FC low <50 pg/day, normal 50-200 pg/day, and
high >200 pg/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 Al-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 > .035).
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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)

<ly 73 418 43

1-49y 136 416 86

5-149y 321 182 102

15-17.9y 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)* 4.84 (0.2-14.6)°
M:F ratio (%) 50:50 47:53 45:55
LMIC:HIC ratio (%) 29:71 34:66 33: 67
CAH phenotype 79:20:1 89:11:0° 92:8%:0”
SW:SV:NK (%)
Number of visits with GC dose data (%) 2172 (88%) 4226 (78%) 551 (70%)
Daily GC dose 59:20:21 48:28:24“ 49:22:29°
Normal:high:low (%)
Median SDE per patient-y per center (range) 0 (0-2.5) 0.3 (0-6)° 0.55 (0-11.2)°
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.
“P<.01,°P=01.
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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.

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
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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.
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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.

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 Al-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
Al-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
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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.

251

201 ¢

SDE per patient yr 154
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Figure 4. Trend of SDEs per patient year in yearly intervals during
2016-2022.
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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 Al-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
Al-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
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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 Al-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 [-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
Al-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.
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