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Abstract

Objective: Varying outcomes regarding the quality of life (QoL) have been reported

in patients with congenital adrenal hyperplasia (CAH). To assess the impact of

adherence rate to medical therapy regimens on QoL in patients with CAH.

Patients: Adolescents and adults aged 15–72 years with CAH due to 21‐hydroxylase

deficiency at Karolinska University Hospital, Stockholm, Sweden.

Measurements: QoL was assessed using the Addison QoL (n = 72) and RAND

36 questionnaires (n = 75). Adherence to therapy regimens was measured using the

Adherence Starts with Knowledge questionnaire (ASK‐12). Associations between

QoL, type of glucocorticoid therapy prescribed and ASK‐12 results were examined.

Results were compared to reference RAND 36 data obtained from a representative

sample from the general Swedish population.

Results: A good adherence rate to therapy regimens and a younger age were

key factors for a better QoL in study participants with CAH. Younger patients on

hydrocortisone and with good adherence had higher RAND 36 scores than older

patients on prednisolone independently adherence. Participants with classic CAH

(both the salt‐wasting and simple virilizing form) reported higher QoL than those

with nonclassic CAH. Patients with CAH, especially nonclassic, more frequently

reported an impaired QoL than the general population, especially regarding limita-

tions related to body pain, vitality and mental health.

Conclusion: A poor adherence rate to therapy regimens, rather than type of

glucocorticoid was associated with impaired QoL in adolescents and adults

with CAH.
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1 | INTRODUCTION

Congenital adrenal hyperplasia (CAH) is a rare endocrine disorder of

adrenal steroid biosynthesis and is characterized by impaired cortisol

synthesis, hypoaldosteronism and hyperandrogenism.1,2 Life‐long

oral glucocorticoid supplementation is essential for patients with

classic CAH, including the salt‐wasting (SW) and the simple virilizing

(SV) forms.1 As standard glucocorticoid supplementation cannot en-

tirely mimic the normal circadian cortisol rhythm, supraphysiological

doses are often needed to reduce excessive levels of androgen,

which can lead to long‐term adverse effects.3 In nonclassic (NC) CAH,

which is the milder form of the disorder, glucocorticoid supple-

mentation is not vital but is often used to control the symptoms of

excessive androgen levels.4

Impaired quality of life (QoL) and psychological morbidity have

been more frequently observed in patients with adrenal insufficiency

than in normal populations.5 Studies investigating health‐related

outcomes including QoL in patients with CAH have shown conflicting

results. Some have reported poor QoL, while others have reported

better, similar, or only mildly impaired QoL in patients with CAH

when compared with controls or the general population.6–9

Patients' nonadherence to medical therapy regimens is a pre-

valent and persistent healthcare problem for healthcare providers.

External factors, such as the healthcare system, therapy character-

istics, duration of the disease and internal factors including patients'

attitudes and beliefs regarding medication can all affect ad-

herence.10–12 An earlier retrospective, matched cohort study found

that patients with CAH had higher mortality and depression rates and

lower treatment adherence rates than matched controls.13

To understand the impact of adherence and type of glucocorti-

coid regimen on physical, mental and emotional health and social

functioning in patients with CAH, several factors need to be studied.

The aim of the present study was to assess the impact of adherence

rates and therapy regimens on QoL in patients with CAH.

2 | MATERIALS AND METHODS

2.1 | Subjects

The investigated cohort comprised 75 adolescents and adults aged

15–72 years with CAH. They were recruited from the Department of

Paediatric Endocrinology at Astrid Lindgren Children's Hospital, De-

partment of Endocrinology and the Department of Gynecology and

Reproductive Medicine at Karolinska University Hospital, all in

Stockholm, Sweden. A detailed description of the cohort has been

previously published.14

In total, 54%, 23% and 23% of participants had the SW, SV and

NC phenotypes, respectively. Seventy‐seven percent had the classic

form of CAH (SW and SV phenotypes). All had a 21‐hydroxylase

deficiency.

The subjects were divided into two age groups; adolescents and

young adults ≤30 years of age (age group 1) and adults >30 years of

age (age group 2), respectively. The cutoff of 30 years was used in

accordance with several other CAH studies.15–17

The two types of glucocorticoids prescribed were prednisolone

and hydrocortisone. In addition, the majority of participants were also

prescribed mineralocorticoid replacement therapy. QoL was mea-

sured using self‐reported questionnaires.18,19

The study was approved by the Regional Ethics Committee in

Stockholm, Sweden. All participants provided written informed consent.

3 | QUESTIONNAIRES

3.1 | Measurements of quality of life

The Addison Quality of Life (AddiQoL) questionnaire has previously

been used to assess QoL in patients suffering from adrenal in-

sufficiency.18 The questionnaire consists of 30 items divided into

the subscales Fatigue, Symptoms, Emotions and Miscellaneous.

AddiQoL, established by the European consortium EURADRENAL,

has been translated into several European languages and tested in a

multicenter study to ensure construct validity and reliability.18 Each

question is responded to by giving a score ranging from 1 to 4. A

total score is obtained by adding together the scores of all the

questions (total score range 30–120). Higher scores indicate a

better QoL. AddiQoL consists of four subscales; Fatigue includes

questions about general health and daily activities, Emotion assesses

emotional health, Symptoms assesses physical symptoms and con-

cerns about health and Miscellaneous includes questions about sleep

and feelings when waking up. The item “I am satisfied with my sex

life” was excluded from the total score due to a low response rate.

The 36‐item Short‐Form Health Survey (SF‐36) is one of the

most commonly used instruments to assess health‐related quality of

life. A version of the original instrument is available as RAND 36‐Item

Health Survey (RAND 36) and has not been specifically designed for a

particular disease or treatment group.19,20 RAND 36 is a validated

multidimensional instrument that allows for self‐reported scores of

physical, mental and emotional wellbeing and contains 36 questions

measuring both positive and negative health status.19

Eight subscales are included in RAND 36. The scale for Physical

functioning (PF) measures work‐related problems or difficulties per-

forming other daily activities in the last 4 weeks. Role function/Physical

(RP) includes questions regarding physical functioning and Pain (BP)

addresses the amount of pain experienced and limitations caused by

body pain. General health (GH) measures a subjective evaluation of

general health status. The items included in the Vitality (V) subscale

address feelings of energy and tiredness. The Social functioning (SF)

subscale considers limitations to social activities. The Role functioning/

Emotional (RE) subscale includes items on emotional functioning, while

the subscale for Mental health (MH) includes questions about feelings

of depression and nervousness. Finally, an item has been added re-

garding the experienced change in health; it asks respondents to

compare general health now to 1 year ago and it is not included in one

of the eight dimensions. Minor differences exist between the two
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instruments RAND‐36 and SF‐36 in the scoring procedures for two of

the eight subscales.21 Reference data were obtained from a re-

presentative sample of the Swedish population (n = 1378), aged 15–75

years, that is commonly used as a control population.22

3.2 | Measurements of therapies

Therapies prescribing prednisolone, hydrocortisone, or no treatment

were compared, after which type of glucocorticoids were compared.

The hydrocortisone‐equivalent dose was calculated based on the

following formula; 1 mg of prednisolone = 4mg hydrocortisone.23

Thereafter, hydrocortisone‐equivalent dose and number of doses per

day were analyzed.

3.3 | Measurements of adherence

Adherence Starts with Knowledge (ASK‐12) is a validated instrument

that includes a 12‐item scale with three adherence‐related subscales;

Behaviour (five items), Health beliefs (four items) and Inconvenience/

forgetfulness (three items). Higher scores indicate lower adherence

rates. A total score of ASK‐12 < 22 was categorised as a good ad-

herence rate and ≥22 was categorised as a poor adherence rate.24,25

3.4 | Statistical analysis

Results are presented as the mean ±SD or median (interquartile range

[IQR]) according to the underlying distribution or group size. Comparisons

between the two groups were made using the t test and one‐sample t

test when data were normally distributed, otherwise the Mann–Whitney

rank‐sum test was used and the median and IQR were reported. When

continuous variables were compared in three groups, a one‐way analysis

of variance (normal distributions) was used. When a statistical significance

was found, a posthoc analysis was performed using Scheffé's test,

otherwise, the Kruskal–Wallis test was used. χ2 test was used in fre-

quency table calculations and Fisher's exact test was used when the

expected frequency was small (<5). General linear models were per-

formed to examine the associations between total QoL scores and phe-

notype/therapy regimen while controlling for potential covariates.

Correlations between variables were assessed using linear regression

analysis. All tests were two‐sided and statistical significance was set at

p< .05. Statistical analyses were performed using SPSS for Windows

version 22 (SPSS).

4 | RESULTS

The cohort consisted of 75 patients with CAH aged 15–72 years an-

swering QoL questionnaires; AddiQoL and RAND 36. Table 1 presents

the clinical characteristics of the study population. Seventy‐one partici-

pants answered both questionnaires—95% of the entire cohort.

All female patients with SW CAH had had genital surgery in the

neonatal period (n=15). Among women with SV CAH some had not

undergone surgery. A comparison of QoL in relation to surgery is difficult

as the frequency of genital surgery is related to the severity of CAH. The

number of patients in this cohort was however small and did not allow for

a statistical assessment concerning genital surgery and QoL.

Thirty‐one (41%) of the adult participants were living with a

partner while 20 (27%) were living alone, with significantly lower

AddiQoL and RAND 36 scores compared with those living with a

partner (data not shown).

4.1 | AddiQoL total score

The clinical scores of patients who completed the questionnaire

AddiQoL which includes 29 items are presented in Table 2. The

questionnaire was completed by 95% of the total cohort (a total of 71

patients, 56% male; form of CAH: 50% SW, 25% SV and 25% NC).

4.1.1 | Gender, phenotypes and age groups

A clear gender difference was found, with higher total scores in males

than in females (p = .01). There was a tendency for NC participants to

have lower AddiQoL scores than those with SW or SV CAH. The

posthoc analysis revealed no significant difference between the dif-

ferent phenotypes of CAH. When SW and SV (both classic CAH)

participants were compared with NC participants, higher total Ad-

diQoL scores were found in those with classic CAH. When adjusted

for gender, however, these differences were not statistically sig-

nificant. When comparing participants ≤30‐years‐old with those who

were >30 years old, significantly higher AddiQoL total scores were

found in the younger group.

4.1.2 | Glucocorticoid therapy

Glucocorticoids were prescribed to 92% of participants. Forty‐one (58%)

were prescribed prednisolone treatment, 24 (34%) were prescribed hy-

drocortisone treatment and 6 (8%) were not prescribed any glucocorti-

coid treatment. No significant differences in AddiQoL total scores were

found when these two glucocorticoid therapy options were compared.

No associations between AddiQoL scores, equivalent dose of HC per day

and number of doses per day were found.

4.2 | AddiQoL subscores

4.2.1 | Gender and phenotypes

We found gender differences in the subscales Emotions, Symptoms and

Miscellaneous with higher scores found in male participants. There were

no gender differences found in the fatigue subscales. Participants with
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the SW form of CAH reported higher scores on the Miscellaneous sub-

scale as well as a tendency towards higher scores on the Emotions

subscale than those with the NC form of CAH (Figure 1A). When com-

paring classic CAH participants with NC CAH participants, higher Emo-

tions and Miscellaneous scores were found in those with the classic

phenotype.

4.2.2 | Therapy adherence rates and QoL

Sixty‐seven participants, that is, 89% of the entire cohort, completed both

the ASK‐12 and the AddiQoL questionnaires (Table 3). The total scores of

AddiQoL were significantly lower in participants with poor adherence

rates than in participants with good adherence rates (78.6 vs. 89.2,

p= .001) (Figure 1B).

No differences were found when checking for gender, age group,

phenotype, or glucocorticoid therapy.

No other scores differed for the adherence‐related subscales for

behavior, health beliefs and inconvenience/forgetfulness (data not

shown).

Fifty‐seven (79%) of participants answered the question regarding

sexual issues. When including this item, similar gender differences, with

slightly higher scores in the males, were found, but there was no differ-

ence between the phenotype groups (data not shown).

Linear regression analysis showed that a good adherence rate in

combination with a younger age affected the total sum of AddiQoL

by increasing scores. No such association was found for gender or

type of glucocorticoid therapy (data not shown).

4.3 | RAND 36 total score

Table 4 presents the clinical scores of patients who completed the

questionnaire RAND 36, which was completed by 75 participants, that is,

F IGURE 1 (A) Addison Quality of Life
(AddiQoL) subscales divided into phenotypes. (B)
AddiQoL subscales divided into poor and good
adherence rates. *p < .01
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the entire cohort (59% male; form of CAH: 54% SW, 23% SV and

23% NC).

4.3.1 | Gender, phenotype and age group

There was a slight gender difference in the RAND 36 total scores with

higher scores found in males. No difference in total scores was found

when SW, S and NC CAH were compared. However, participants with

classic CAH reported higher RAND 36 total scores than those with the

NC form of CAH once adjusted for gender or age.

A difference between age groups was found with higher scores

seen in participants ≤30 years old (p = .02). In the younger group,

which included adolescents and young adults, participants with

classic CAH had significantly higher total scores than those with NC

CAH (p = .016). The posthoc analysis confirmed that there were dif-

ferences between the phenotypes (data not shown).

4.3.2 | Glucocorticoid therapy

Glucocorticoid therapy was prescribed to 92% of participants.

Forty‐two (56%) were prescribed prednisolone treatment and 27

(36%) were prescribed hydrocortisone treatment, while 6 (8%) were

not prescribed any glucocorticoid treatment. When we analyzed the

entire study group, slightly higher scores were seen in participants

treated with hydrocortisone than in those treated with prednisolone.

However, no such differences were found when adjusted for age or

comparing the age groups separately. We found no associations be-

tween RAND 36 score, hydrocortisone‐equivalent dose of gluco-

corticoid and number of doses per day when adjusted for age.

4.4 | RAND 36 subscores

4.4.1 | Gender and phenotypes

Significantly lower mental health scores were found in female parti-

cipants than in males. There were no differences in physical

functioning, social functioning, role function, role emotional function,

body pain, or general health scores with regard to gender.

When comparing phenotypes, higher scores were found in mental

health, vitality and body pain in participants with the SW form

of CAH.

Participants with the classic form of CAH demonstrated higher

scores in mental health, vitality, body pain and general health than

NC participants.

4.4.2 | Glucocorticoid therapy

When we analyzed the entire study group and comparing gluco-

corticoid therapy regimens, significantly higher physical functioning,

social functioning and general health scores were found in

participants who were prescribed hydrocortisone treatment.

When assessing males and females separately, we found higher

physical functioning scores in males and females receiving

glucocorticoid treatment than those who were not. No other differ-

ences in role function, role emotional function, or body pain were

found.

4.4.3 | Adherence rate and QoL

Seventy‐five participants, that is, the entire cohort completed both

the ASK‐12 and the RAND 36 questionnaires (Table 3). The total

scores for RAND 36 were significantly lower in participants with poor

adherence rates than in those with good adherence rates (p = .007),

with no difference was found between genders.

General linear regression analysis showed that younger patients

on hydrocortisone and with good adherence had higher RAND 36

scores than older patients on prednisolone independently adherence

(p = .03). No other differences were found when adherence was

compared to gender, phenotype and therapy.

4.4.4 | RAND 36 and the normal population

Overall, study participants with CAH showed an impaired health

profile when compared to the general Swedish population (p < .05),

in particular in regard to limitations related to vitality, role

emotional functioning and mental health in patients with NC CAH

(Figure 2).

5 | DISCUSSION

Adherence to medical therapy regimens is a central issue due to the

significant key role it plays in achieving satisfactory results when

treating patients with CAH.13 This study shows that adherence rates

were associated with QoL in adolescents and adults with CAH. This

has not been highlighted as a key factor of QoL in patients with CAH

before.9,13,26

5.1 | Adherence rate and QoL

An important clinical question to consider when treating patients

with CAH is how much adherence is enough to obtain the full

treatment benefits of cortisol.27 It is well known today that patients

living with a chronic disorder commonly have a medication adherence

of around 50%–70%12,14 and nonadherence has been shown to

contribute to poor health outcomes including impaired QoL.11 This is

in line with our results with a poor adherence rate to therapy regi-

mens as a key factor for impaired QoL in adolescents and adults

with CAH.
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5.2 | Adherence rates, therapies and QoL

The most effective form of glucocorticoid therapy in adolescents

and adults with CAH is still being discussed.28,29 Hydrocortisone has

a short plasma half‐life, which means that multiple doses are re-

quired throughout the day to achieve sufficient cortisol levels.30

Prednisolone may be beneficial in patients with low adherence as it

only requires one or two doses daily, due to its longer plasma half‐

life.31 Therapy factors such as doses per day and long‐acting effects

have been named as possible reasons for poor adherence rates.

However, our results show no difference in adherence rates be-

tween patients on prednisolone and patients on hydrocortisone,

which is in line with some previous studies but not all.5,16,32 One

explanation for this might be that the general care of patients is of

importance and this may differ between medical treatment units,

while patients participating in our study were recruited from a single

university hospital. Regular practical CAH training sessions with the

aim of improving patients' understanding of the benefits of medi-

cation as well as increasing their knowledge of the high‐risk nature

of their illness are possible factors that have contributed to our

results.14,33

Fluctuating cortisol and adrenal androgen levels may have an

impact on QoL and several studies have shown different results

regarding treatment regimens.28,29 Additionally, patients with

impaired QoL, poor disease control and low adherence rates are

sometimes prescribed a more potent glucocorticoid with a longer

half‐life, which makes it difficult to understand the relationship

between cause and effect.8 However, AddiQoL scores did not

differ between therapy regimens in this study, which is consistent

with a recently published Cochrane review28 that concluded that

uncertainty remains regarding the most effective form of gluco-

corticoid replacement therapy in both child and adult CAH pa-

tients when it comes to QoL and the prevention of different

specific disease complications.28 Our results from the non‐

disease‐specific QoL questionnaire RAND 36 showed higher

scores in three of the subscales in participants treated with hy-

drocortisone, which is in line with some studies showing that

hydrocortisone treatment has a lower negative impact on QoL

than other glucocorticoid regimens.7,8 However, we found no

such difference in those aged over 30 years, which may be ex-

plained by health‐related issues and long‐term side effects of

glucocorticoid treatment.1,28

5.3 | Gender and QoL

Male participants in our study showed higher or slightly higher QoL

scores than females in both the AddiQoL and RAND 36 questionnaires.

Conflicting results of self‐reported QoL data have frequently been re-

ported for males and females with CAH. It is possible that the impact of

androgen exposure affects men, women, boys and girls differently. Girls

with SW and SV CAH are born with varying degrees of prenatal vir-

ilization and additionally, the increasing androgen exposure due to lack of

treatment or undertreatment may negatively affect QoL.6,34 However, in

children, QoL scores have not been reported to differ by gender.8 A

recently published study on males with CAH reported their QoL scores to

be comparable with normative populations and higher than patients with

another chronic illness.17

F IGURE 2 RAND SF‐36 domain scores in patients divided into the severity of congenital adrenal hyperplasia and age groups compared with
general Swedish population SF‐36 data BP, body pain; GH, general health; MH, mental health; PF, physical functioning; RE, role, functioning/
emotional; RP, role functioning/physical; SF, social functioning; VT, vitality. PF: p < .05 A versus B; A versus C; BP: p < .05 A versus B; GH:
p < .05 A versus D; A versus E. VT: p < .05 A versus C; A versus D; A versus E; SF: p < .05 A versus B; A versus D; A versus E; RE: p < .05 A versus
C; A versus E; MH: p < .05 A versus C; A versus E
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5.4 | Phenotype and QoL

When comparing the phenotype groups of CAH once adjusted for gen-

der, we found a difference in the RAND 36 total scores, with better

scores found in participants with the classic form of CAH. This may seem

counter‐intuitive at first but it is in accordance with previous studies

where patients with NC CAH have reported worse QoL than those with

classic CAH, despite NC CAH being considered a milder form of the

disorder. The reason for this has been hypothesized to be due to the later

diagnosis of patients with NC CAH.5,7 They may suffer symptoms of

androgen exposure before receiving a diagnosis and they may experience

being diagnosed as more negative and difficult to adjust to than those

with classic CAH who are typically diagnosed in the neonatal period. Our

findings in this respect may be similar to the reported differences in QoL

among those having a congenital versus an acquired disease.5

5.5 | Age groups and QoL

Long‐term health problems in adults with CAH include bone, cardiovas-

cular and metabolic health, fertility issues in both females and males along

with pregnancy management and psychosexual issues, all of which have

been extensively studied.35 The Addison's disease‐specific AddiQoL

questionnaire has previously shown, in a large cross‐sectional study on

Addison's disease, that HRQoL scores are lower in older age groups.18

This is in line with our results in the present study with the younger age

group scoring higher for QoL than the older age group. Six participants in

the older age group were born after 1986, the year that the neonatal

screening programme was introduced in Sweden, which may have had a

positive effect on QoL. The introduction of the programme has resulted

in improvements being seen in several health outcomes.36,37

5.6 | Strength and limitations

The limited sample size is the major limitation of the present study,

especially the number of answers in the hydrocortisone‐treated older age

group and prednisolone‐treated younger age group, making it proble-

matic to draw any conclusions. The influence of younger age may be

more important, as the younger patients have fewer side effects and

long‐term health issues. Some of our results comparing glucocorticoid

treatments could be explained by a lack of power or sensitivity. Another

weakness was that the question on sexual issues included in the AddiQol

questionnaire was excluded due to its low response rate. Moreover, we

used glucocorticoid treatments that were being used at the time of the

study in our calculations on therapy effects, but therapy regimens may

have changed over the participants' lives, especially in those aged over 30

years. Despite this, current medication is more likely to affect the para-

meters measured in QoL questionnaires than previously prescribed

therapy regimens. A strength of this study, on the contrary, is that we

have used two different QoL questionnaires; AddiQoL with its disease‐

specific items and RAND 36, which is not specific to any disease or

treatment group.

6 | CONCLUSION

A good adherence rate to therapy regimens in combination with a

younger age was associated with higher QoL in CAH patients. No

differences were found when adherence rates with regard to gender,

phenotypes, or therapies were compared. A gender difference,

however, was found with higher AddiQoL total scores seen in males.

Patients with more severe phenotypes of CAH (SW and SV) re-

ported higher QoL than participants with the NC form of CAH.

Younger patients on hydrocortisone and with good adherence had a

better QoL than older patients on prednisolone.

Patients with CAH showed an impaired QoL when compared to

the general Swedish population, especially nonclassic patients with

regard to limitations related to body pain, vitality and mental health.

ACKNOWLEDGEMENTS

This study was supported by the Stockholm County Council (ALF‐

SLL) and Magnus Bergvall Foundation.

CONFLICT OF INTERESTS

The authors declare that there are no conflict of interests.

AUTHOR CONTRIBUTIONS

Kerstin Ekbom conceived the study, applied for research funding,

performed the study, conducted statistical analyses, interpreted the

results and wrote the paper. Anna Strandqvist, Svetlana Lajic and AL

oversaw the study and critically revised the paper. Henrik Falhammar,

Anna Nordenström conceived the study, interpreted the results,

oversaw the study and critically revised the paper.

DATA AVAILABILITY STATEMENT

Data are available on request from the authors.

ORCID

Kerstin Ekbom http://orcid.org/0000-0001-8935-0098

Svetlana Lajic http://orcid.org/0000-0002-4398-0948

Angelica Hirschberg https://orcid.org/0000-0001-6481-6277

Henrik Falhammar http://orcid.org/0000-0002-5622-6987

Anna Nordenström http://orcid.org/0000-0003-0405-3401

REFERENCES

1. El‐Maouche D, Arlt W, Merke DP. Congenital adrenal hyperplasia.
Lancet. 2017;390(10108):2194‐210.

2. Claahsen‐van der Grinten HL, Speiser PW, Ahmed SF, et al. Con-
genital adrenal hyperplasia—current insights in pathophysiology,

diagnostics and management. Endocr Rev. 2021.
3. Falhammar H, Thoren M. Clinical outcomes in the management of

congenital adrenal hyperplasia. Endocrine. 2012;41(3):355‐373.
4. Nordenstrom A, Falhammar H. Management of endocrine disease:

diagnosis and management of the patient with non‐classic CAH due
to 21‐hydroxylase deficiency. Eur J Endocrinol. 2019;180(3):
R127‐R45.

5. Aulinas A, Webb SM. Health‐related quality of life in primary and
secondary adrenal insufficiency. Expert Rev Pharmacoecon Outcomes

Res. 2014;14(6):873‐888.

678 | EKBOM ET AL.

http://orcid.org/0000-0001-8935-0098
http://orcid.org/0000-0002-4398-0948
https://orcid.org/0000-0001-6481-6277
http://orcid.org/0000-0002-5622-6987
http://orcid.org/0000-0003-0405-3401


6. Nordenskjöld A, Holmdahl G, Frisén L, et al. Type of mutation and
surgical procedure affect long‐term quality of life for women with
congenital adrenal hyperplasia. J Clin Endocrinol Metab. 2008;93(2):
380‐386.

7. Han TS, Krone N, Willis DS, et al. Quality of life in adults with
congenital adrenal hyperplasia relates to glucocorticoid treatment,
adiposity and insulin resistance: United Kingdom Congenital adrenal
Hyperplasia Adult Study Executive (CaHASE). Eur J Endocrinol. 2013;
168(6):887‐893.

8. Halper A, Hooke MC, Gonzalez‐Bolanos MT, et al. Health‐related
quality of life in children with congenital adrenal hyperplasia. Health
Qual Life Outcomes. 2017;15(1):194.

9. Daae E, Feragen KB, Nermoen I, Falhammar H. Psychological ad-
justment, quality of life, and self‐perceptions of reproductive health

in males with congenital adrenal hyperplasia: a systematic review.
Endocrine. 2018;62(1):3‐13.

10. Lehane E, McCarthy G. Intentional and unintentional medication
non‐adherence: a comprehensive framework for clinical research
and practice? A discussion paper. Int J Nurs Stud. 2007;44(8):

1468‐1477.
11. Osterberg L, Blaschke T. Adherence to medication. N Engl J Med.

2005;353(5):487‐497.
12. Brown MT, Bussell J, Dutta S, Davis K, Strong S, Mathew S. Medi-

cation adherence: truth and consequences. Am J Med Sci. 2016;
351(4):387‐399.

13. Jenkins‐Jones S, Parviainen L, Porter J, et al. Poor compliance and
increased mortality, depression and healthcare costs in patients with
congenital adrenal hyperplasia. Eur J Endocrinol. 2018;178(4):

309‐20.
14. Ekbom K, Strandqvist A, Lajic S, Hirschberg AL, Falhammar H,

Nordenstrom A. Assessment of medication adherence in children
and adults with congenital adrenal hyperplasia and the impact of
knowledge and self‐management. Clin Endocrinol (Oxf). 2021;94(5):

753‐764.
15. Nermoen I, Husebye ES, Svartberg J, Lovas K. Subjective health

status in men and women with congenital adrenal hyperplasia: a
population‐based survey in Norway. Eur J Endocrinol. 2010;163(3):
453‐459.

16. Falhammar H, Nystrom HF, Thoren M. Quality of life, social situa-
tion, and sexual satisfaction, in adult males with congenital adrenal
hyperplasia. Endocrine. 2014;47(1):299‐307.

17. Verhees MJM, Engels M, Span PN, et al. Quality of life in men with

congenital adrenal hyperplasia due to 21‐hydroxylase deficiency.
Front Endocrinol (Lausanne). 2021;12:626646.

18. Øksnes M, Bensing S, Hulting AL, et al. Quality of life in European
patients with Addison's disease: validity of the disease‐specific
questionnaire AddiQoL. J Clin Endocrinol Metab. 2012;97(2):

568‐576.
19. Hays RD, Sherbourne CD, Mazel RM. The RAND 36‐Item Health

Survey 1.0. Health Econ. 1993;2(3):217‐227.
20. Hays RD, Morales LS. The RAND‐36 measure of health‐related

quality of life. Ann Med. 2001;33(5):350‐357.
21. Orwelius L, Nilsson M, Nilsson E, et al. The Swedish RAND‐36

Health Survey—reliability and responsiveness assessed in patient
populations using Svensson's method for paired ordinal data.
J Patient Rep Outcomes. 2017;2(1):4.

22. Pagels AA, Stendahl M, Evans M. Patient‐reported outcome mea-

sures as a new application in the Swedish Renal Registry: health‐
related quality of life through RAND‐36. Clin Kidney J. 2020;13(3):
442‐449.

23. Al Nofal A, Bancos I, Benkhadra K, et al. Glucocorticoid replacement
regimens in chronic adrenal insufficiency: a systematic review and
meta‐analysis. Endocr Pract. 2017;23(1):17‐31.

24. Matza LS, Park J, Coyne KS, Skinner EP, Malley KG, Wolever RQ.

Derivation and validation of the ASK‐12 adherence barrier survey.
Ann Pharmacother. 2009;43(10):1621‐1630.

25. Takemura M, Nishio M, Fukumitsu K, et al. Optimal cut‐off value and
clinical usefulness of the Adherence Starts with Knowledge‐12 in
patients with asthma taking inhaled corticosteroids. J Thorac Dis.

2017;9(8):2350‐2359.
26. Auchus RJ. Management considerations for the adult with

congenital adrenal hyperplasia. Mol Cell Endocrinol. 2015;408:190‐197.
27. Baumgartner PC, Haynes RB, Hersberger KE, Arnet I. A systematic

review of medication adherence thresholds dependent of clinical

outcomes. Front Pharmacol. 2018;9:1290.
28. Ng SM, Stepien KM, Krishan A. Glucocorticoid replacement regi-

mens for treating congenital adrenal hyperplasia. Cochrane Database

Syst Rev. 2020;3:CD012517.
29. Whittle E, Falhammar H. Glucocorticoid regimens in the treatment

of congenital adrenal hyperplasia: a systematic review and meta‐
analysis. J Endocr Soc. 2019;3(6):1227‐45.

30. Johannsson G, Nilsson AG, Bergthorsdottir R, et al. Improved cortisol
exposure‐time profile and outcome in patients with adrenal in-

sufficiency: a prospective randomized trial of a novel hydrocortisone
dual‐release formulation. J Clin Endocrinol Metab. 2012;97(2):473‐481.

31. Arshad MF, Debono M. Current and future treatment options for
adrenal insufficiency. Curr Opin Endocrinol Diabetes Obes. 2021;28:
303‐311.

32. Speiser PW, Arlt W, Auchus RJ, et al. Congenital adrenal hyperplasia
due to steroid 21‐hydroxylase deficiency: an Endocrine Society Clinical
Practice guideline. J Clin Endocrinol Metab. 2018;103(11):4043‐4088.

33. Chrisp GL, Maguire AM, Quartararo M, et al. Variations in the
management of acute illness in children with congenital adrenal

hyperplasia: an audit of three paediatric hospitals. Clin Endocrinol

(Oxf). 2018;89(5):577‐585.
34. Nordenström A, Frisén L, Falhammar H, et al. Sexual function and

surgical outcome in women with congenital adrenal hyperplasia due
to CYP21A2 deficiency: clinical perspective and the patients' per-

ception. J Clin Endocrinol Metab. 2010;95(8):3633‐3640.
35. Reisch N, Arlt W, Krone N. Health problems in congenital adrenal

hyperplasia due to 21‐hydroxylase deficiency. Horm Res Paediatr.
2011;76(2):73‐85.

36. Falhammar H, Frisén L, Norrby C, et al. Reduced frequency of bio-
logical and increased frequency of adopted children in males with
21‐hydroxylase deficiency: a Swedish population‐based national
cohort study. J Clin Endocrinol Metab. 2017;102(11):4191‐4199.

37. Lajic S, Karlsson L, Zetterstrom RH, Falhammar H, Nordenstrom A.

The success of a screening program is largely dependent on close
collaboration between the laboratory and the clinical follow‐up of
the patients. Int J Neonatal Screen. 2020;6(3):68.

How to cite this article: 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;96:666‐679. doi:10.1111/cen.14676

EKBOM ET AL. | 679

https://doi.org/10.1111/cen.14676



