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Background

Dysfunction in the hypothalamic-pituitary-adrenal axis has been associated with depressive and anxiety disorders. Little is known about the risk for these disorders among individuals with congenital adrenal hyperplasia (CAH), a form of primary adrenal insufficiency.





Objective

We investigated the prevalence of depressive and anxiety disorders and antidepressant prescriptions in two large healthcare databases of insured children, adolescents, and young adults with CAH in the United States.





Methods

We conducted a retrospective cohort study using administrative data from October 2015 through December 2019 for individuals aged 4–25 years enrolled in employer-sponsored or Medicaid health plans.





Results

Adjusting for age, the prevalence of depressive disorders [adjusted prevalence ratio (aPR) = 1.7, 95% confidence interval (CI): 1.4-2.0, p<0.001], anxiety disorders [aPR = 1.7, 95% CI: 1.4-1.9, p<0.001], and filled antidepressant prescriptions [aPR = 1.7, 95% CI: 1.4-2.0, p<0.001] was higher among privately insured youth with CAH as compared to their non-CAH peers. Prevalence estimates were also higher among publicly insured youth with CAH for depressive disorders [aPR = 2.3, 95% CI: 1.9-2.9, p<0.001], anxiety disorders [aPR = 2.0, 95% CI: 1.6-2.5, p<0.001], and filled antidepressant prescriptions [aPR = 2.5, 95% CI: 1.9-3.1, p<0.001] as compared to their non-CAH peers.





Conclusions

The elevated prevalence of depressive and anxiety disorders and antidepressant prescriptions among youth with CAH suggests that screening for symptoms of depression and anxiety among this population might be warranted.
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Introduction

Congenital adrenal hyperplasia (CAH) is an inherited form of primary adrenal insufficiency characterized by impaired cortisol synthesis and increased adrenal androgen production (1). Classic CAH requires life-long glucocorticoid replacement (2). Individuals with the salt-wasting form of classic CAH may also require mineralocorticoid replacement to counteract aldosterone deficiency (2). Non-classic CAH is a milder disorder with normal cortisol production in most cases; individuals with non-classic CAH typically require glucocorticoid replacement only when symptomatic (3). In the United States, the frequency of CAH detected by newborn screening programs ranges from approximately 1 in 16,000 to 1 in 18,000 (4, 5). Non-classic CAH is more common, with an estimated prevalence of approximately 1 in 200 US adults of European ancestry (6).

During childhood, hydrocortisone, a short-acting glucocorticoid, is used for replacement therapy to minimize the adverse impact on growth from long‐acting glucocorticoids. Due to its short half-life, treatment with hydrocortisone can lead to alternating states of hypercortisolemia and hypocortisolemia with resultant hyperandrogenemia (7, 8). Chronic hypercortisolemia can lead to growth failure, iatrogenic Cushing syndrome, hypertension, increased weight gain, infertility, metabolic syndrome, hypertension, and osteoporosis in adulthood (9–13). Chronic hypocortisolemia and exposure to excess androgen can lead to virilization, peripheral precocious puberty, advanced bone age, growth acceleration and early epiphyseal closure leading to short stature (1, 10, 14).

The potential effects of CAH on mental health, either due to coping with a life-long disease or from the inherent hypothalamic-pituitary-adrenal axis dysfunction and associated therapeutic limitations, are less well understood. Some evidence suggests that individuals with CAH are more likely to experience symptoms of depression or anxiety compared to the general population (15–17). In a recent matched-cohort study from the United Kingdom using a primary-care based administrative database (UK Clinical Practice Research Datalink), Jenkins-Jones and colleagues (17) reported a higher prevalence of depression among 255 CAH patients younger than 18 years old, but no difference in the lifetime prevalence of depression diagnoses or antidepressant use among individuals aged 18–40 years. Two other recent studies utilized a national patient registry in Sweden to evaluate mental health diagnoses in large samples of patients with CAH (18, 19). Engberg and colleagues (18) reported that the odds ratio of a mood or anxiety disorder was 1.7 for females over the age of 18 years with CAH in Sweden compared to females the same age without CAH. However, there was no increase in risk of those diagnoses among females 12–18 years old with CAH, although substance misuse was significantly elevated among both adolescents and adults with CAH. Falhammar and colleagues (19) reported statistically insignificant odds ratios of 1.6 and 1.2 for mood and anxiety disorders for 239 males with CAH (median age 23.2 years) in Sweden compared to age-matched controls from the general population. Because they did not report age-stratified analyses, it is difficult to know how these findings apply to the pediatric population.

In particular, there is a paucity of data describing the prevalence of diagnosed depressive and anxiety disorders among large cohorts of pediatric and young adult patients with CAH. Most prior pediatric studies have reported information on relatively small samples of children and adolescents with CAH and utilized behavioral scales to measure parent-reported symptoms (20–23). For instance, Messina and colleagues conducted an observational study involving Swedish and Italian children aged 7-17 years with CAH (n = 57). They found that parents of CAH patients rated their children as having more social problems, as measured by the Child Behavior Checklist (CBCL), compared to the control group. No differences in internalizing problems or anxiety/depression symptoms were reported (20–23). In contrast, Idris and colleagues reported that parents disclosed a higher rate of both internalizing and externalizing problems among children aged 6-18 years with CAH in Malaysia (n = 49) as compared to a control group made up of non-affected relatives. However, there was no difference in the proportion of children with CAH with clinically significant scores on the anxious/depressed or withdrawn/depression syndrome subscales of the CBCL (20–23). In a study of 81 children ages 4-11 years with CAH in the United Kingdom, Kung and colleagues using found increased scores for conduct problems and hyperactivity/inattention and lower scores for pro-social behaviors via parent-report on the Strengths and Difficulties Questionnaire for girls with CAH as compared to unaffected relatives. No differences in emotional symptoms were noted for boys or girls, either as compared to unaffected relatives or the general population (20–23). Finally, in a study of 114 children and young adults with CAH (ages 3-31 years) in the United States, Berenbaum and colleagues did not find any differences in parent-report of internalizing or behavioral problems as measured by the CBCL among boys or girls CAH as compared to unaffected relatives. However, a more negative affect was noted for adolescent and adults males with CAH as measured by the Self-Image Questionnaire for Young Adolescents (20–23).

The current study aimed to investigate the prevalence of depressive and anxiety disorders and antidepressant prescriptions among insured children, adolescents, and young adults in the United States with and without CAH who were enrolled in health plans contributing records to one of two large administrative healthcare databases. Prior research has consistently demonstrated that starting in adolescence, depressive and anxiety disorders have higher prevalence rates among females (24). We therefore also evaluated for sex-specific differences in the prevalence of depressive disorders, anxiety disorders and antidepressant prescriptions among adolescent and young adults with CAH.





Materials and methods




Data

We utilized the Merative™ MarketScan® Commercial and Multi-State Medicaid Research Databases to identify eligible patients. Administrative databases contain records generated as byproducts of reporting or paying for services and do not contain patient-reported or clinical information. We reviewed health insurance encounter records from October 1, 2015 through December 31, 2019, including data on outpatient and inpatient services and filled outpatient pharmacy prescriptions. Data from both databases were accessed and tabulated at the Centers for Disease Control and Prevention (CDC) using Merative MarketScan Treatment Pathways, an online analytic platform that is licensed to CDC and restricted to health plans that report outpatient pharmacy records for their enrollees, i.e., no pharmacy carve-outs. Data from the Commercial database relate to employees and their dependents enrolled in participating employer-sponsored health insurance plans throughout the United States. The Medicaid database includes data for children, adolescents and young adults enrolled in Medicaid or Children’s Health Insurance programs from participating states, varying in number from 6 to 13 states.

We restricted both the Commercial and Medicaid samples to plans that report mental health encounters for their enrollees, i.e., no mental health carve-outs. We included records from all health plans, both capitated plans, which report records of services provided during encounters despite not filing claims for reimbursement, and non-capitated or fee-for-service plans with billing claims; by convention, we refer to both types of encounter records as claims.

Patients in eligible plans were included if they were enrolled at any point during October 1, 2015 through December 31, 2019, with no minimum length of enrollment specified, and had one or more claims during that period. For eligible patients, recorded age in years and sex were abstracted from the database at the start of the study period. We initially evaluated four age groups: preschool-aged children (3-5 years), school-aged children (6-11 years), adolescents (12-17 years), and young adults (18-25 years). Due to the small number of eligible patients aged 3 to 5 years, we created a single group of eligible children 4-11 years old, after excluding those with an age of 3 years.

Individuals who met the case definitions for mental health diagnoses or prescriptions were included in the age-specific prevalence calculations if they remained within the same age group at the time of the first mental health diagnostic or prescription claim. For example, a child who was initially aged 10 and became diagnosed with depression at age 12 is not included in the calculation of the prevalence of depression for the 4-11 age group. The denominators for those calculations were the numbers of people in the age group at the start of the period. Sex was defined as “Male” or “Female” but is not specified in either database as referring specifically to biological sex versus self-identified gender. No demographic variables other than age and sex were available in both databases.





Congenital adrenal hyperplasia

We defined Individuals with CAH using a previously-defined algorithm for pediatric CAH cases based on diagnostic codes from the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Clinical Modification (ICD-10-CM) as well as prescription drug data (25). Individuals were classified as having CAH if they had at least one claim with the ICD-10-CM code E25.0 (“Congenital adrenogenital disorders associated with enzyme deficiency”) in any setting, no ICD-10 claims with a diagnosis code for a pituitary disorder (ICD-10: E228.x, E229.x, E236.x, E237.x), and at least two filled prescriptions for a glucocorticoid, with the second fill at least 28 days after and within 365 days of the first fill. The prevalence of CAH was defined as the percentage of children, adolescents, and young adults meeting these criteria.





Depressive and anxiety disorders

We classified individuals as having a “depressive disorder” if they had two or more outpatient claims or encounters at least 1 week apart or at least one claim from an inpatient setting with an ICD-10 diagnosis code for a depressive disorder (F32.0-32.4, F32.8, F32.9, F33.0-33.41, F33.8, F33.9, F34.1, F34.9, F43.21, F43.23, O90.6). We classified individuals as having an “anxiety disorder” if they had two or more outpatient claims a week apart or at least one claim from an inpatient setting with an ICD-10 diagnosis code for an anxiety disorder (F40.0, F40.1, F40.2, F40.8, F40.9, F41.0-41.3, F41.8, F41.9, F43.22, F43.23, F93.0). Specific ICD-10 codes were identified through review of the published literature (17, 26–42) and a methodology for syndrome surveillance established by the Centers for Disease Control and Prevention (43). This comprehensive list of ICD-10 codes was refined through expert review for application to the pediatric population.





Antidepressant prescriptions

Individuals met the criteria for a filled antidepressant prescription if they had at least one diagnosis code for either a depressive or anxiety disorder, as defined above, and two or more outpatient pharmacy filled prescriptions for an antidepressant medication separated by at least 14 days with no maximum (see Supplemental Table 1 for the list of included medications).





Statistical analysis

To compare the prevalence of depressive disorders, anxiety disorders, and filled antidepressant prescriptions between the non-CAH and CAH groups, we calculated prevalence differences and prevalence ratios (PRs). We calculated 95% confidence intervals (CIs) for PRs using a Taylor series linearization of estimated variance and p-values for PRs using a two-sided Mantel-Haenszel chi-square test in MATLAB (Mathworks, Natick, MA). Because a few comparisons had expected prevalence numbers below the cutoff of expected numbers for an asymptotic chi-square test we also calculated p-values using an exact test. Almost all p-values were similar in terms of statistical significance above or below a p value of 0.05; exceptions are noted below (results available on request).

Analyses were calculated separately by payer type (Commercial sample and Medicaid sample) with stratification by age group. Owing to the appearance of sex-based differences beyond age 11, we also reported sex-specific estimates for the adolescent (12-17 years) and young adult (18-25 years) groups. For the main effect of CAH in each subsample, Mantel-Haenszel adjusted prevalence ratios (aPRs) are presented after stratification by age. The PRs presented for each age strata are unadjusted. Prevalence data for groups with fewer than five individuals meeting the case definition are not presented.






Results

Using our claims-based algorithm, we identified a total of 1056 individuals with CAH in the Commercial sample (N=12,313,882) and 570 individuals in the Medicaid sample (N=9,316,824). Descriptive data are presented for each sample in Tables 1, 2, respectively. In the general pediatric and young adult population, mental disorders and antidepressant prescriptions were higher within the Medicaid sample compared with the Commercial sample (Supplemental Figure 1). In the general pediatric population not treated for CAH, there was little difference between males and females prior to adolescence, i.e., aged 4-11, in the prevalence of depressive disorders and anxiety disorders (Supplemental Figure 2).


Table 1 | Commercial insurance sample demographics based on congenital adrenal hyperplasia (CAH) diagnosis and the presence of a mental disorder diagnosis or a filled antidepressant prescription.




Table 2 | Medicaid sample demographics based on congenital adrenal hyperplasia (CAH) diagnosis and the presence of a mental disorder diagnosis or a filled antidepressant prescription.



Within the Commercial sample, depressive disorders (Figure 1A) were significantly more likely among children (PR=1.9, 95% CI:1.1-3.4, p=0.026), adolescents (PR=1.4, 95% CI:1.0-1.9, p=0.044), and young adults (PR=1.9, 95% CI:1.5-2.4, p<0.001) with CAH when compared with their non-CAH peers in the same age group using the Mantel-Haenszel chi square test. However, the differences for the 4-11 and 12-17 years age groups were not significant when calculated using a Fisher exact test. Anxiety disorders (Figure 1B) were also more likely among children (PR=1.8, 95% CI:1.2-2.5, p=0.002), adolescents (PR=1.5, 95% CI:1.2-2.0, p=0.003), and young adults (PR=1.7, 95% CI:1.4-2.1, p<0.001) with CAH when compared with their non-CAH peers. Filled antidepressant prescriptions were significantly elevated only among young adults with CAH (PR=1.9, 95% CI:1.5-2.4, p<0.001) (Figure 1C).




Figure 1 | Prevalence ratios by age across both samples for depressive disorders (part A), anxiety disorders (part B), and filled antidepressant prescriptions (part C) among those with congenital adrenal hyperplasia (CAH) as compared to non-CAH peers in the same age group. Data labels reflect prevalence ratio (95% confidence interval, p-value). Males with CAH in the Medicaid sample ages 18-25 years were excluded from this analysis as fewer than five subjects met the case definitions for depressive disorders, anxiety disorders, and antidepressant prescriptions.



Within the Medicaid sample, depressive disorders (Figure 1A) were more likely among children (PR=3.5, 95% CI:2.5-5.1, p<0.001), adolescents (PR=1.9, 95% CI:1.4-2.7, p<0.001), and young adults (PR=1.9, 95% CI:1.2-3.0, p=0.005) with CAH as compared with their non-CAH peers. Anxiety disorders (Figure 1B) were also more likely among children (PR=2.0, 95% CI:1.3-2.9, p=0.001), adolescents (PR=2.0, 95% CI:1.4-2.9, p<0.001), and young adults (PR=1.9, 95% CI:1.2-3.0, p=0.007) with CAH when compared with their non-CAH peers. The prevalence of filled antidepressant prescriptions (Figure 1C) was also elevated among individuals with CAH for all age groups (children: PR=2.9, 95% CI:1.7-4.8, p<0.001; adolescents: PR=2.4, 95% CI:1.7-3.4, p<0.001; young adults: PR=2.4, 95% CI:1.6-3.6, p<0.001) as compared to their peers without CAH.

We next compared prevalence ratios for depressive disorders, anxiety disorders, and filled antidepressant prescriptions among adolescents and young adults after stratifying by sex. Within the Commercial sample, adolescent females with CAH were more likely to have an anxiety disorder than adolescent females without CAH (PR=1.8, 95% CI:1.3-2.5, p=0.001), but not a depressive disorder or filled antidepressant prescription (Figure 2). Young adult females with CAH were more likely to have a depressive disorder (PR=1.7, 95% CI:1.3-2.3, p<0.001) or an anxiety disorder (PR=2.3, 95% CI:1.8-2.9, p<0.001), and to fill a prescription for an antidepressant (PR=1.7, 95% CI:1.3-2.2, p<0.001) compared to young adult females without CAH.




Figure 2 | Prevalence ratios by gender across both samples for depressive disorders (part A), anxiety disorders (part B), and filled antidepressant prescriptions (part C) among those with congenital adrenal hyperplasia (CAH) as compared to their non-CAH peers. Data labels reflect prevalence ratio (95% confidence interval, p-value). Males with CAH in the Medicaid sample aged 18-25 years were excluded from this analysis as fewer than five subjects met the case definitions for depressive disorders, anxiety disorders, or antidepressant prescriptions.



Adolescent and young adult males in the Commercial sample were approximately twice as likely to have a depressive disorder (adolescents: PR=2.2, 95% CI:1.4-3.5, p=0.001; young adults: PR=2.0, 95% CI:1.2-3.1, p=0.006) and to fill a prescription for an antidepressant (adolescents: PR=2.0, 95% CI:1.2-3.4, p=0.007; young adults: PR=2.2, 95% CI:1.5-3.4, p<0.001) compared to adolescent and young adult males without CAH. There were no significant differences for anxiety disorders among adolescent or young adult males.

Adolescent females with CAH in the Medicaid sample were 1.6-1.9 times as likely to have a depressive disorder (PR=1.6, 95% CI:1.1-2.4, p=0.026) or an anxiety disorder (PR=1.7, 95% CI:1.1-2.6, p=0.022), and fill a prescription for an antidepressant (PR=1.9, 95% CI:1.2-3.0, p=0.005) as compared to adolescent females without CAH (Figure 2). Young adult females with CAH were 2.5-2.9 times as likely to have a depressive disorder (PR=2.7, 95% CI:1.8-4.1, p<0.001) or an anxiety disorder (PR=2.5, 95% CI:1.6-3.8, p<0.001), and to fill a prescription for an antidepressant (PR=2.9, 95% CI:1.9-4.4, p<0.001) as compared to young adult females without CAH.

The prevalence ratio was 2.3-2.5 times higher for adolescent males with CAH in the Medicaid sample for a depressive disorder (PR=2.3, 95% CI:1.3-4.2, p=0.006) or an anxiety disorder (PR=2.5, 95% CI: 1.3-4.7, p=0.005), and a filled antidepressant prescription (PR=2.4, 95% CI:1.4-4.3, p=0.004) as compared to adolescent males without CAH. Because fewer than five young adult males in the Medicaid sample with CAH met the case definitions for depressive disorders, anxiety disorders, or antidepressant prescriptions, results for this group were not reported (Table 2).





Discussion

In this retrospective cohort study, we examined the administrative prevalence of diagnosed depressive disorders, anxiety disorders, and filled antidepressant prescriptions among children, adolescents, and young adults with and without CAH using two large administrative healthcare databases. Depression and anxiety are common mental disorders that often emerge in late childhood or adolescence and can result in significant disability (44, 45). If untreated, symptoms that begin during childhood and adolescence may recur later in life (46, 47) and can lead to long-term functional impairment in adulthood (48). Thus, determining whether the risks for these conditions are elevated among the pediatric and young adult CAH population is important to improve clinical care for these individuals.

School-aged children, adolescents, and young adults with CAH were relatively more likely to have records of a depressive disorder or an anxiety disorder compared to their peers without a CAH diagnosis in both the commercially and publicly insured samples (Figure 1). The finding of a lower administrative prevalence of the studied disorders prior to age 11 with no variation by sex (Supplementary Figure 2) is consistent with published evidence that male-female differences in depressive and anxiety disorders emerge in early adolescence (with consistently higher prevalence rates of depression and anxiety in female adolescents) (24). Also consistent with prior research in the general pediatric and young adult population (49), we found that the absolute administrative prevalence estimates for depressive disorders and anxiety disorders among individuals with and without CAH increased from childhood to adolescence (Tables 1, 2).

Our findings extend those of other large studies of CAH in children, adolescents, and young adults. In particular, In particular, Sewell and colleagues (50) reported no increased risk for depressive disorders among a cohort of 1,647 patients under the age of 18 years with a diagnosis of CAH recorded in electronic health records at one of six U.S. children’s hospitals who had at least one outpatient visit during 2009–2019. In the same pediatric population, the investigators also found no increased risk for anxiety among males under the age of 18 with CAH, and lower odds of anxiety for females under the age of 18 with CAH compared with females without CAH (odds ratio = 0.7). The differences between our findings and Sewell’s finding may reflect differences in classification of CAH case status. Unlike our study, Sewell et al. did not restrict their analysis to individuals with treated CAH. That might have biased associations in their study towards the null if untreated individuals with diagnostic codes for “congenital adrenogenital disorders associated with enzyme deficiencies” did not actually have CAH. In our sample, fewer than half of individuals with a diagnosis code for CAH had a minimum of two filled prescriptions for glucocorticoids.

In our study, sex differences in the relative prevalence of diagnosed depressive and anxiety disorders and filled antidepressant prescriptions among adolescents with CAH were attenuated compared to the general population. Adolescent males with CAH had much higher rates of the mental health outcomes than their non-CAH male agemates. Prevalence ratios for depressive disorder and antidepressants were slightly higher for young adult males than for females in the Commercial sample; results were not reported for the Medicaid sample as noted in the Methods section. Anxiety disorders were more common for females in both age groups in both samples as well as for Medicaid-enrolled male adolescents (Figure 2). Commercially insured young adults with CAH as well as publicly insured children, adolescents, and young women with CAH were also approximately twice as likely to fill prescriptions for an antidepressant (Figures 1, 2). The findings of increased prevalence of filled antidepressant prescriptions among CAH patients relative to the general population are consistent with data from the UK Clinical Practice Research Datalink (17). This speaks to the impact and burden of depressive disorders in this population.

The higher absolute administrative prevalence estimates for depressive and anxiety disorders observed in the Medicaid sample may be in part explained by the Medicaid qualification process. Mood and anxiety disorders can be qualifying conditions for disability benefits under the Supplemental Security Income program, which in turn makes individuals eligible for Medicaid (51). Many children also qualify for Medicaid coverage based on household income, and the prevalence of mental, behavioral and development disorders among children living in lower-income households in the United States is higher than among those in higher-income households (52). Children and young adults with public insurance may also be at greater risk for adverse childhood experiences, such as witnessing violence and trauma, relative to those with private insurance. That would in turn raise their risk for negative health outcomes, including mental disorders (i.e., the toxic stress hypothesis) (53). The higher prevalence ratios for depressive disorders, anxiety disorders, and filled antidepressant prescriptions seen in some CAH groups in the Medicaid sample as compared to the Commercial sample could suggest that the presence of CAH may interact with or enhance these risks.

The pattern of sex-based differences in the prevalence of depressive disorders, anxiety disorders, and filled antidepressant prescriptions among adolescents and young adults with CAH was somewhat unexpected. While depression and anxiety are more commonly diagnosed among females than males beginning in adolescence (24, 54–56), the findings indicate that the likelihood of meeting criteria for a depressive or anxiety disorder or filling an antidepressant prescription among males with CAH was comparable to or higher than among females with CAH in the same age groups, except for anxiety among publicly insured males with CAH. These findings suggest a narrowing of the gender gap in depressive disorders and anxiety disorders among youth with CAH. This is consistent with data from the UK Clinical Practice Research Datalink (17), which showed a substantially narrower gender gap in depression diagnoses or antidepressant prescriptions in children or adolescents with CAH than among the general population, with a higher prevalence ratio relative to population controls for males with CAH (PR=2.2) than females (PR=1.2).

Pediatric and young adult patients with CAH may be at greater risk for mood and anxiety disorders due to multiple mechanisms. First, the burdens of living with a chronic disease, such as CAH, including recommended daily medication adherence and frequent healthcare contacts, may increase children’s risk for anxiety and depression. Multiple studies have shown an increased risk for anxiety and depression among children with a wide range of chronic physical illnesses (57, 58) and life-limiting conditions (59). Second, children and young adults with CAH may be at increased risk for depression and anxiety due to the specific disease pathology and side effects from treatment. Dysfunction in the hypothalamic-pituitary-adrenal (HPA) axis and hypothalamic-pituitary-gonadal axis is known to impact mental health (60–62), and in particular, may alter stress reactivity and lead to downstream effects on mood and anxiety. In CAH patients, hypocortisolemia disrupts the endogenous negative feedback loop of the HPA axis and leads to overproduction of adrenal androgens. Further, cortisol replacement with glucocorticoids is unable to fully replicate the circadian and ultradian cortisol secretion rhythms associated with normal adrenal function (63). In a recent clinical trial utilizing a block and replace design among healthy young adult volunteers to test the significance of glucocorticoid replacement rhythmicity in mood regulation and neural dynamics, oral glucocorticoid replacement three times a day (which is the standard of care for CAH patients) showed a decrease in positive mood and an increase in negative mood throughout the day (64). This contrasted with individuals undergoing pulsatile glucocorticoid replacement (which more closely approximated physiological ultradian cortisol rhythms), in which mood variation more closely approximates what is thought to be normal variation in daily mood. Thus, excessive adrenal androgens, fluctuating cortisol levels, or over-suppression of the HPA axis could contribute to the development of depressive and anxiety disorders among CAH patients.

To elucidate potential causal pathways from CAH to prevalence of depression and anxiety, future work might examine the extent to which these associations vary relative to patients’ specific enzyme defects, disease severity and phenotype, glucocorticoid form and dosage, and medication adherence. For example, the two Swedish registry-based studies assessed disease severity and phenotype. One study reported that the odds ratio for mood disorders was 2.0 among males with salt-wasting phenotypes vs 1.1 among those with the simple virilizing form, while the other study found no difference among female patients (18, 19). Jenkins-Jones and colleagues reported lower medication adherence among adult patients than pediatric patients but did not assess how adherence was related to anxiety and depression (17). The present study is limited in that it did not assess medication possession ratios.

There are several additional limitations to our study. Despite the overall large number of individuals with CAH identified in our study, we could not include young adult males in the Medicaid sample Diagnosis codes for medical and mental health conditions in claims and encounters data are subject to miscoding or incomplete coding, which may have resulted in individual misclassification. We sought to minimize the impact of miscoding, which is more common in outpatient records, by using algorithms that require diagnosis codes be present on at least two outpatient records on different dates. Further, while the current results build upon our prior study detailing the development of our CAH case algorithm, the sensitivity and specificity of our CAH algorithm has yet to be validated through comparison with external data sources, such as medical records. Additionally, because Treatment Pathways reports age in years, we used broad age groups. Because we excluded mental health diagnoses for individuals who moved between age groups during the 3-year study period, we did not include all cases of mental health diagnoses in our age-specific prevalence estimates. Cumulative age-specific prevalence estimates without exclusion of those who aged out were higher for both the CAH and non-CAH populations, especially for the youngest age group, but prevalence ratios were almost all within 10% of those reported (results not reported).

The MarketScan datasets are convenience samples and hence the findings may not be generalizable to the populations of people with employer-sponsored or Medicaid insurance. Finally, we were unable to control for risk factors and cofounders not included in both databases, such as race and ethnicity (included in Medicaid only), geographical location (included in Commercial only), stated gender identity versus biological sex, parent education level, and socioeconomic status (neither database). Additional research using other data sources could potentially elucidate the impact of these factors.

In conclusion, in our retrospective cohort study we found that children, adolescents, and young adults with CAH in the United States were more likely to be diagnosed with a depressive or anxiety disorder and to be prescribed antidepressants as compared to their age and sex matched peers. The likelihood of these conditions increased with age and did not follow the same gender distribution commonly observed in the pediatric and young adult population, with a concentration of cases among males with CAH. If these associations are confirmed in further research, enhanced screening for symptoms of depression and anxiety among the pediatric and young adult population with CAH may be warranted.
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