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Glucocorticoid Prescribing Trends in Congenital Adrenal Hyperplasia, 2017 to 2023
Glucocorticoid Use in CAH, 2017-2023

2,848 words (excluding references and figure legends)

ABSTRACT

Objective: This study investigates the utilization of modern glucocorticoid medications
(Acecort®, Alkindi®, Efmody®, Plenadren®) for congenital adrenal hyperplasia due to 21-
hydroxylase deficiency, examining prescribing patterns, barriers to adoption, and
geographical and temporal trends. Methods: A two-part study was conducted: a
retrospective analysis of treatment regimens from the International Congenital Adrenal
Hyperplasia Registry across 46 centres in 20 countries (2017-2023), and a qualitative survey
of 39 centres regarding barriers to prescribing modern medications. Patients included both
paediatric and adult populations. Data analysed included regional prescription trends,
timing of modern glucocorticoid adoption, and identified barriers. Results: From 2017-2023,
44 of 790 (5%) patients transitioned from traditional to modern glucocorticoid therapy, with
the highest adoption in high-income Western European countries. Alkindi® was exclusively
prescribed to patients under 8 years, while 97% of Efmody® users were 7 years or older. By
2023, modern glucocorticoid availability varied among centres: Alkindi® (54%), Efmody®
(46%), Plenadren® (33%), and Acecort® (15%).. Conclusion: Adoption of modern
glucocorticoid medications for congenital adrenal hyperplasia remains limited, with only
approximately 5% of patients transitioning from traditional therapies. Significant barriers

include legislative approval, supply chain challenges, and elevated costs.
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PLAIN LANGUAGE SUMMARY

This international study looked at how new medications for congenital adrenal hyperplasia
are used globally. We found that despite increasing availability of new medications during the
study time period, only a small number of patients (5%) switched to these newer treatments.
This limited use is mainly due to high costs, problems with getting legal approval, and supply

issues, highlighting unequal access to care worldwide.
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INTRODUCTION

Congenital adrenal hyperplasia (CAH) most commonly results from pathogenic variants in the
CYP21A2 gene, leading to 21-hydroxylase deficiency (21-OHD) ®. This enzyme deficiency
impairs cortisol and aldosterone synthesis and results in excess androgen production 2. The
clinical spectrum of CAH is diverse, ranging from mild to severe forms depending on the

extent of the enzymatic defect and associated hormonal disturbances .

Lifelong glucocorticoid (GC) replacement is essential for individuals with classic 21-OHD.
Standard treatment includes the use of GCs including, hydrocortisone, prednisolone or
dexamethasone, which serve to replace cortisol and suppress excess adrenal androgen
production via negative feedback on the hypothalamic—pituitary—adrenal (HPA) axis®. Dosing
regimens are individualised based on the patient's age, physical characteristics, disease
severity, and therapeutic response. The treatment goal is to restore physiological cortisol
concentrations while suppressing androgens to within normal ranges. However, achieving

this balance remains clinically challenging 4.

Management is further complicated by factors such as intercurrent illness, physical stress,
growth spurts, and puberty, particularly in paediatric populations 1. Dexamethasone was
introduced in CAH management in 1971, while HC and prednisolone have been in use since
the 1950s >’. HC remains the cornerstone of replacement therapy for growing children,
frequently administered as a thrice-daily immediate-release formulation. However, there are
currently no standardised treatment guidelines for adults 4. The lack of robust comparative
studies evaluating different GC regimens has led to variability in prescribing practices across

different providers and regions 8°.
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Conventional GC therapies do not accurately replicate the body's natural circadian rhythm of
cortisol secretion due to its short half-life and non-physiological dosing. This results in periods
of overtreatment, causing adrenal hormone oversuppression, or undertreatment, leading to
hyperandrogenism, in both children and adults #*°. Two large cohort studies found that only
one-third of the study population had normal serum androstenedione levels %1, with high
rates of associated health complications, including hypertension, obesity, subfertility, and
hirsutism present 2. Additional studies confirm that prolonged exposure to supraphysiologic
GC doses correlates with adverse metabolic outcomes. In a Swedish cohort, Falhammer et al.
reported higher rates of hypertension, obesity, dyslipidemia, and diabetes in 588 CAH
patients compared to controls 1314, Similarly, the UK Congenital Adrenal Hyperplasia Adult
Study Executive (CaHASE) study found that CAH patients had significantly higher BMI and

reduced adult height 2.

Beyond physical health, current treatment limitations negatively affect psychological well-
being. Individuals with CAH often report a lower quality of life (QoL) and poorer body image
compared to non-CAH peers > These findings underscore the need for improved

therapeutic strategies and modern medication options.

Recent advancements in CAH management include the development of innovative steroid
replacement medications. For this study, “modern GC medications” refers to agents other
than standard HC, dexamethasone, and prednisolone. Specifically, we define this group to

include Alkindi®, Acecort®, Efmody® (also known as Chronocort), and Plenadren® 12,
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Alkindi® granules (0.5, 1, 2, and 5 mg) and Acecort® tablets (1, 2, 3, 5 and 10 mg) provide
smaller dosing increments which allow more precise dosing in infants and young children,
reducing the risks of adrenal crises and growth disturbances associated with inconsistent
dosing 71°. Two modified-release HC preparations—Efmody® and Plenadren®—have been
developed to mimic natural diurnal cortisol rhythms more effectively 2. However, it is
important to note that Plenadren is currently approved only for Addison’s disease and
secondary adrenal insufficiency, not CAH 2. However, it is noted that the availability of these

modern GC medications for patients varies across countries and between centres 24,

This international study, encompassing data from 46 CAH centres worldwide, aims to:
1. Explore the range of GC preparations currently being prescribed for both paediatric
and adult patients.
2. Identify potential barriers to prescribing modern GC medications.
3. Examine geographical and temporal trends in GC prescribing practices from 2017 to

2023.

Patients and Methods

This study comprised two complementary components: a retrospective analysis of prescribing

trends and a qualitative survey of clinical practice.

Retrospective Registry Analysis

The retrospective component utilised data from the International Congenital Adrenal
Hyperplasia (I-CAH) Registry, a global, ethically approved clinical database that captures

pseudonymised information on patients with CAH. Ethical approval was granted by the UK
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National Research Ethics Service (Reference: 19/WS/0131), and data entry is conducted by
healthcare professionals following informed consent from patients or guardians. The study

adhered to the principles outlined in the Declaration of Helsinki.

Paediatric and adult patients included in this analysis were diagnosed with CAH due to 21-
OHD. Extracted data included fields from both the registry’s basic module (register ID, year of
birth, country, centre, disorder type, definitive diagnosis, sex assigned at birth, and age at
diagnosis) and longitudinal module (date of visit, age, height, weight, body surface area, type

and dosage of GC, administration timing, and reported treatment adherence).

Qualitative Survey

A structured qualitative survey was distributed to all 46 CAH centres, located in 20 countries
contributing to the registry to explore the availability of modern GC medications and
perceived barriers to their use. Centres were categorised by country income level using the
World Bank’s World Development Indicators 2. Survey items addressed regulatory,

economic, logistical, and clinical factors affecting the adoption of modern GCs.

Data Analysis

Quantitative data from the registry were analysed using the R programming language.
Descriptive statistics were used to summarise patient demographics and GC prescribing
patterns. The number and percentage of patients prescribed modern versus traditional GCs
were analysed by year, age group, and country. The availability of Alkindi®, Acecort®,

Efmody®, and Plenadren® at each centre was recorded for each year between 2017 and 2023.
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Qualitative survey responses were categorised thematically (e.g., cost, approval, supply chain,
awareness), and summarised using frequency counts. Data for Gross Domestic Product (GDP)
per capita was downloaded from Our World in Data
(https://ourworldindata.org/grapher/gdp-per-capita-

worldbank?tab=table&overlay=download-data). A box plot was produced for GDP per capita
by countries that did or did not use modern glucocorticoid medications using the ggplot R
package. Wilcoxon signed-rank tests were calculated using the stat_compare_means function
(ggpubr R package) and sample numbers were added to each group using the stat_n_text

function (EnvStats R package).

Results

Study Summary

A summary of the study findings is given in Figure 7.

Patient Demographics
Data were available for 790 patients diagnosed with 21-OHD from 46 participating centres
globally. Key demographic characteristics at the time of the first recorded visit are

summarised in Table 1.

Adoption of Modern GC Therapies (2017-2023)

Among 790 patients with complete treatment records, 44 patients (5.6%) switched from

traditional GC therapies (hydrocortisone, prednisolone, dexamethasone) to modern
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formulations (Alkindi®, Acecort®, Efmody®, Plenadren®) during the study period. In 2018, only
2 of the participating centres reported having access to Alkindi®. No centres had Efmody® or
Acecort®, while 10 centres offered Plenadren®. By 2023, the availability of modern GC
formulations had significantly increased. Alkindi® was available at 21 centres, Efmody® at 18

centres, Plenadren® at 13 centres, and Acecort® at 6 centres.

Age-Related Prescribing Patterns

Prescribing patterns varied significantly based on patient age (Figure 1). Alkindi® was
exclusively prescribed to patients under the age of 8, with all 12 patients receiving the
medication being under 8 years old (mean age 4.37 years; range 0.93-7.92 years). Efmody®
was prescribed to 30 out of the 31 patients aged 7 years or older (mean age 13; range 0-24
years). Only one patient aged 14 years was prescribed Acecort®, and no patients were

prescribed Plenadren® during the study period.
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Cross-Centre and Regional Variation

Considerable variation in the availability and adoption of modern GCs was observed between
centres, both within and between countries (Figure 3). One anonymised high-income country
(“Country A”) exhibited the highest increase in modern GC availability, rising from 10% in 2022
to 45% in 2023. Another high-income country (“Country B”) began adopting modern
medications in mid-2023 but maintained a relatively low uptake of about 15% for the
remainder of the study period. Countries C, D, and E, all high-income countries, exhibited
more consistent but modest uptake of modern GCs. Country D, which introduced modern GCs
earlier than Country C, had a plateaued adoption rate of about 13% throughout the study
period. Similarly, Country E followed a similar trend. In contrast, Country C experienced a
gradual increase in modern medication use from 2019, ultimately reaching 5% by the end of
the study period (see Figure 4 for the frequency of uptake of modern GC medications per

country by 2023).

Barriers to prescription

A total of 39 centres (out of the original 46) completed the survey. 27 were located in high-
income countries, 9 in upper-middle-income countries, 2 in lower-middle-income countries,

and 1 in a low-income country.

Several barriers were identified to the prescribing of modern GC medications (Figure 5). The
most frequently reported barrier was cost. Centres cited high costs as a barrier to the

adoption of various modern GCs. Specifically, five centres reported cost-related barriers to

Downloaded from B
ia Open Acc

Copyright © 2026 the author(s)



Accepted Manuscript published as EC-25-0565. Accepted for publication: 04-Mar-2026

adopting Efmody® (three from high-income countries, one from an upper-middle-income
country, and one from a lower-middle-income country). Three centres reported similar
concerns regarding Plenadren® (two from high-income countries and one from an upper-
middle-income country), while four centres cited cost as a barrier to adopting Alkindi® (two
from high-income countries, one from a lower-middle-income country, and one from a low-
income country). Three centres noted cost as a barrier to adopting Acecort® (two from high-
income countries and one from a lower-middle-income country). There was a trend to GDP

being higher in countries where novel GC’s were prescribed (p=0.076, Figure 2).

Other barriers included a lack of confidence in prescribing specific modern GCs. One centre
each cited a lack of confidence in prescribing Plenadren® and Acecort®. Additionally, some
centres reported limited awareness of the availability of certain modern GCs, with one centre
indicating this concern for Plenadren®, one for Alkindi®, and two for Acecort®. Logistical
constraints, such as issues with supply chains, were reported as barriers by several centres:
six centres cited logistical constraints for Efmody®, eight for Plenadren®, six for Alkindi®, and
nine for Acecort®. Novel medications were prescribed in 8 centres based in 6 countries.
Overall, there were 24 centres based in these 6 countries reporting data into the registry.
There were differences in prescribing practices within countries with some centres reporting
the medication as not available/not licensed in their country where other centres in the same

country were able to prescribe it.

at 03
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DISCUSSION

This international multicentre registry study of 790 individuals with 21-OHD provides new
insights into GC prescribing trends and barriers to the adoption of modern therapies.
Despite increasing global availability, the adoption of modern GCs—defined in this study as
Alkindi®, Acecort®, Efmody®, and Plenadren®—remained limited over the study period from
2017 to 2023. Only 5.6% of patients transitioned from traditional GC therapies to modern

alternatives, indicating slow integration into routine care.

A marked increase in the availability and prescription of Alkindi® and Efmody® was observed
starting in 2021, coinciding with their regulatory approval timelines. Alkindi®, Diurnal’s first
licensed paediatric hydrocortisone formulation, was approved via the EU Paediatric Use
Marketing Authorisation (PUMA) route in 2018. Initially, it experienced limited uptake but
gradually gained popularity over time, likely due to the growing recognition of the clinical
need for accurate dosing in infants and young children, a gap Alkindi® addressed with its

availability in 0.5 to 5 mg doses %2.

Efmody®, Diurnal’s second GC product, received marketing authorisation from the European
Commission in May 2021. The commercial launch of Efmody® in Europe took place in
September 2021, following its approval by the UK Medicines and Healthcare Products
Regulatory Agency (MHRA) in July 2021. These regulatory milestones likely contributed to

the spike in availability across participating centres from 2021 onwards.

Prescribing patterns differed by age, with Alkindi® used exclusively in patients under 7 years
of age and Efmody® primarily prescribed in older children and adults. These findings reflect

pharmacological licensing (for example, Efmody® is only licensed for ages 12 and over)?3and
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pharmacological tailoring of treatment to patient needs, aligning with the intended use of

these formulations.

Inter-country differences in uptake were notable. While some high-income countries
reported a substantial increase in modern GC availability, others showed minimal uptake,
despite similar economic and healthcare contexts & 24, This inconsistency mirrors findings
from previous multinational studies on CAH management and highlights the ongoing

variability in care delivery and medication availability for rare endocrine conditions 3 %% 25,

The adoption of modern GC faces several notable hurdles. A prominent challenge, cited by
up to 55% of centres in the case of Acecort®, is the lack of regulatory approval. This suggests
that despite recognised clinical needs and interest among healthcare professionals, delays in
legislative processes remain a primary obstacle to their widespread use. Indeed, insights
from Diurnal, the manufacturer of Acecort®, corroborate the complexities surrounding
regulatory pathways and market availability for these newer treatments 2. Furthermore,
Lundgren's broader analysis of barriers to implementing modern therapies for rare
endocrine disorders echoes the significant impact of regulatory challenges in this field 2’
Cost represents another substantial impediment, frequently reported across diverse
economic settings. Notably, expense was a concern not only in low-resource countries but
also in high- and upper-middle-income nations. This indicates that price sensitivity is not
simply a reflection of a country's economic classification. Instead, it likely reflects variations
in national health policies, medication pricing agreements, and reimbursement frameworks,
a point further elaborated by Zhao et al.'s work on the economic considerations influencing
access to therapies for rare diseases 28. These barriers subsequently result in unequal

possibilities for patients.
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Other reported barriers included logistical challenges in medication supply chains, limited
clinician awareness, and a lack of prescribing confidence. These are common when

introducing new formulations and reflect the importance of ongoing education.

The total number of centres responding to the qualitative survey was 39, of which 27 were
in high-income countries, 11 in middle-income countries, and one in a low-income country.
Socioeconomic status likely influenced access and uptake to some degree, but the
inconsistent relationship between income level and barriers such as cost suggests a complex
interaction of healthcare funding models, policy frameworks, and market strategy.
Pharmaceutical companies may have prioritised markets with favourable reimbursement
pathways and greater commercial return, which could help explain early uptake in some

high-income centres.

This study has several strengths, including its international scale, integration of quantitative
registry data with qualitative centre-level perspectives, and the focus on temporal trends.
Nonetheless, limitations must be acknowledged. A key issue was incomplete data from
some sites, which may have led to underreporting of modern GC use. Furthermore, the
survey did not capture every country or CAH centre globally, and the participating centres
may not be fully representative of all clinical settings, introducing potential selection bias.
Data on registry participants gender was not available, so we were unable to report height
and weight SDS values. In addition, while this study focused on access and prescribing
trends, it did not assess the patient profile of those patients for whom a medication switch
was considered, treatment outcomes such as mean hydrocortisone-equivalent dose before
and after transition to the new formulation limiting conclusions about clinical effectiveness

and patient benefit.

Page 18 of 32

Downloaded from Bioscientifica.com at 03/11/2026 03:58:08PN

ia Open Access. This work is licensed under

\ttribution-NonCommercial-NoDerivatives 4.0 Internations

https://creativecommons.org/l

Copyright © 2026 the author(s)

icenses/by-nc-nd/4.0,



Page 19 of 32 Accepted Manuscript published as EC-25-0565. Accepted for publication: 04-Mar-2026

Looking forward, ongoing research is needed to address the remaining clinical uncertainties
regarding modified-release GC and their long-term impact on metabolic control, growth,
fertility, and quality of life. Education and training sessions for prescribers may help increase
awareness and confidence in newer medications. Furthermore, as more of these therapies
receive approval, repeat analyses of prescribing trends will be important to assess whether

existing barriers are reduced over time.

CONCLUSION

This international study highlights the evolving landscape of GC prescribing for CAH, with a
gradual but uneven uptake of modern GC formulations such as Alkindi® and Efmody®
between 2017 and 2023. Despite the increasing availability of these medications—particularly
following European regulatory approvals—adoption remains limited, affecting only 5% of
patients in this cohort. Marked inter-country variation was observed, even among high-
income settings, suggesting that factors beyond economic classification—such as regulatory
approval status, health policy frameworks, and clinician familiarity—play a significant role in
access and prescribing behaviour. Barriers, including cost, limited awareness, and supply
chain constraints, were frequently reported, underscoring ongoing inequities in CAH care

delivery.

The findings reinforce the urgent need for harmonised clinical guidance, increased education
on modern GC options, and policy efforts to address structural barriers to medication access.
Future research should focus on long-term outcomes associated with newer formulations and

on strategies to support equitable implementation across diverse healthcare settings.
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Figure and Table legends

Figure 1. Histogram showing the number of patients who transitioned from traditional to modern GC
medication, according to age. Colours represent the type of modern GC: blue (Alkindi), red (Efmody),

green (Acecort).

Figure 2. Boxplot showing the difference in GDP per capita between countries where modern GC

medication was used (h=6) compared to those where novel GC were not used (n=14)

Figure 3. Percentage of patients on modern medications for CAH (Congenital Adrenal Hyperplasia)
from 2017-2023 in different geographical areas with different countries being denoted by a different

letter.

Figure 4. Bar chart showing the frequency of uptake of modern GC medications per country by 2023.
Frequency represents the total number of patients on each medication by 2023, with different countries

denoted by letters.

Figure 5. Bar chart showing reported barriers for prescribing according to the type of modern GC.
Barriers to prescribing new medications included; medication not approved yet (legislation not in place),
poor marketing of the GC preparation (not aware of its availability), not confident in prescribing, not
physically available (supply chain not established), Other (no suitable patient, local prescribing approval
not in place, centre only manages adults-Alkindi not licensed for adults, patient accessed new

medication through cares foundation).

Figure 6. Bar chart showing the availability of drugs (traditional and modern) across the 39 participating

centres at the end of 2023.

Figure 7 Study Summary

Table 1. Patient demographics at first visit in individuals with congenital adrenal hyperplasia
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Age when transitioned from traditional to modern GC medication
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Retrospective |-CAH registry analysis looking at the

adoption of modern GC medications

790 patients from 46 centres 44 (5.6%) patients switched
particpated (20 countries) to modern formulations

Qualatative survey assessing common barriers to
prescribing novel medicaations

46 centres invited to 39 centres completed the
participate in the survey survey
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Table 1. Patient demographics at first visit in individuals with congenital adrenal hyperplasia

Characteristic N N = 790!
Age at First Presentation (years) 752 0.08 (0.08, 0.08)
Height (cm) 720 125 (78, 151)
Weight (kg) 748 26 (10, 52)
BMI (kg/m?) 715 17.6 (15.4, 21.5)
BSA (m?) 715 0.93 (0.47, 1.44)
Follow-up Length (days) 790 992 (420, 1,816)
Fludrocortisone Use 779 598 (77%)
Baseline Medication 790
Alkindi 3 (0.4%)
Dexamethasone 50 (6.3%)
Hydrocortisone 677 (86%)
Prednisolone 57 (7.2%)
Prednisone 3 (0.4%)
1

Values are median (Q1, Q3) or n (%)

BMI: Body Mass Index; BSA: Body Surface Area
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