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ABSTRACT

OBJECTIVE: Carriers of congenital adrenal hyperplasia (CAH) due to 21-hydroxylase de-
ficiency (21-OHD) demonstrate increased secretion of cortisol precursors following ACTH
stimulation, suggestive of impaired cortisol production and compensatory increases in hy-
pothalamic corticotropin-releasing hormone (CRH) secretion. Both cortisol and CRH have
behavioral effects, and hypothalamic CRH hypersecretion has been associated with chronic
states of anxiety and depression. We performed an endocrinologic and psychological evalua-
tion in carriers of 21-OHD and matched control subjects. DESIGN: We recruited 29 parents
of children with classic CAH (14 males, 15 females; age (mean+SD): 41.8+5.7 yr), and hence
21-OHD carriers, and 13 normal subjects (5 males, 8 females; age: 43.8+6.1 yr). All subjects
underwent a formal ovine (0) CRH stimulation test with measurement of ACTH, cortisol,
17-hydroxyprogesterone (17-OHP) and androstenedione concentrations, which was preceded
by determination of 24-hour urinary free cortisol (UFC) excretion. Psychometric assessment
was performed by administering the State-Anxiety (STAI 1) and Trait-Anxiety (STAI 2) Inven-
tory, Beck Depression Inventory, Symptom Checklist-90R and Temperament and Character
Inventory. RESULTS: Carriers of 21-OHD had significantly higher 17-OHP concentrations
following oCRH stimulation and higher STAI 1 (47.6+5.6 vs. 43.3+£5.4, P=0.023) scores than
control subjects. Mean 24-hour UFC concentrations were positively correlated with paranoid
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ideation (r=0.435; P=0.023) and psychoticism (r=0.454; P=0.017). Stepwise multiple linear re-
gression analysis revealed that the single independent predictor of STAI 1 was peak stimulated
17-OHP concentrations (f§: 0.055, SE: 0.023, R?: 0.290, P=0.031). CONCLUSIONS: Carriers
of 21-OHD may be predisposed to the development of anxiety disorders.

Key words: Anxiety, Carriers, Congenital adrenal hyperplasia, Depression, 21-hydroxylase deficiency

INTRODUCTION

Congenital adrenal hyperplasia (CAH) due to
21-hydroxylase deficiency (21-OHD) is an autosomal
recessive disorder characterized by decreased gluco-
corticoid and often mineralocorticoid secretion from
the adrenal cortex owing to deletions or mutations
of the cytochrome P450 21-hydroxylase (CYP21A2)
gene. The impaired glucocorticoid feedback inhibi-
tion at the hypothalamic and anterior pituitary levels
leads, respectively, to compensatory hypersecretion of
corticotropin-releasing hormone (CRH) and arginine-
vasopressin (AVP) in the hypophyseal portal system,
and increased secretion of adrenocorticotropic hormone
(ACTH) in the systemic circulation. The latter results
in adrenocortical hyperplasia and increased production
of adrenal androgens and steroid precursors prior to
the enzymatic defect. The clinical spectrum of the
condition is broad, ranging from severe to mild forms
depending on the degree of 21-hydroxylase activity.
Accordingly, three main clinical phenotypes have
been described: classic salt-wasting, classic simple-
virilizing and non-classic or late-onset CAH.'* The
overall incidence of classic CAH is approximately one
in 15,000 live births; however, it varies considerably
among ethnic groups.! Thus, the carrier frequency of
classic CAH ranges from 1:20 to 1:60 individuals.
The non-classic form occurs in approximately 0.2%
of the general Caucasian population but is more fre-
quent (1-2%) in certain populations, such as Jews of
Eastern European origin.'??

Heterozygocity of 21-OHD has been associated
with mild hormonal abnormalities, which reflect an
up-regulation of the hypothalamic-pituitary axis. Com-
pared with normal subjects, carriers of 21-OHD have
lower 24-hour urinary free cortisol (UFC) excretion
and higher 08:00h total and free testosterone concen-
trations. Furthermore, they demonstrate increased
17-hydroxyprogesterone (17-OHP) concentrations
following ACTH stimulation, and higher mean and

peak ACTH and 17-OHP concentrations following
ovine (0) CRH stimulation."%” These findings are
likely to reflect chronic mild hypothalamic CRH and/or
AVP hypersecretion secondary to mild impairment in
cortisol biosynthesis, which is compensated for by the
increased activity of the hypothalamic-pituitary axis.’

The hypothalamic-pituitary-adrenal (HPA) axis
represents a major component of the stress system
and plays an important role in maintaining basal and
stress-related homeostasis.® ' CRH, a 41-amino-acid
neuropeptide secreted by the parvocellular neurons
of the paraventricular nucleus of the hypothalamus,
is the primary regulator of HPA axis activity and the
central coordinator of the endocrine, autonomic, im-
mune and behavioral responses to stress.>!'"!3 Both
hypothalamic and extra-hypothalamic CRH neurons
may play a substantial role in the development of
and/or vulnerability to stress-related disorders.®%!4
Accumulating evidence suggests that increased HPA
axis activity—and, hence, inferred CRH hypersecre-
tion—is associated with the development of several
affective and anxiety disorders, including generalized
anxiety disorder (GAD), major depressive disorder,
panic disorder (PD), anorexia, obsessive-compulsive
disorder (OCD) and alcoholism.*!*-'* The development
and severity of these conditions primarily depend on
the genetic vulnerability of the individual, exposure
to adverse environmental factors and the timing of
the stressful event(s), given that prenatal life, in-
fancy, childhood and adolescence are critical periods
characterized by increased vulnerability to stressors.
Therefore, genetic predisposition coupled with stress
during critical phases of development may result in
a phenotype that is neurobiologically vulnerable to
stress and may lower an individual’s threshold for
developing depressive and anxiety disorders upon
subsequent exposure to stress.

The aim of the present study was to determine
the endocrinologic and psychological profile of car-
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riers of 21-OHD and matched control subjects and
to investigate the association between their adreno-
cortical responses to oCRH stimulation and various
psychometric parameters determined at psychological
evaluation.

SUBJECTS AND METHODS

Subjects

Twenty-nine consecutive parents of children with
CAH due to 21-OHD and, hence, carriers of 21-OHD
[14 males and 15 females; age {mean+standard devia-
tion (SD)}: 41.8+5.7 yr] and 13 normal subjects (5
males and 8 females; age: 43.8+6.1 yr) were studied
prospectively. The carrier state of 21-OHD was con-
firmed by genotype. All normal subjects were parents
of children with a chronic endocrine disorder, such as
Turner syndrome (n=1) or hypothyroidism (n=12) and
were of similar ethnicity and socioeconomic status
to the carriers of 21-OHD. No subject had a family
history of mental illness or evidence of hepatic or
renal disease and none was receiving psychotropic
medications, or medications known to influence HPA
axis activity or corticosteroid-binding globulin (CBG)
concentrations, or to induce hepatic enzymes. The
clinical characteristics of all subjects are summarized
in Table 1. The study was approved by the local Com-
mittee on the Ethics of Human Research and written
informed consent was obtained in all cases.

Methods

All subjects were admitted to the Endocrine Unit
and standard anthropometric, hematologic and bio-
chemical measurements were obtained. All subjects
fasted for 12 hours before blood samples were collected.

On the first and second days of the study, saliva
specimens were obtained at 08:00h, 12:00h, 16:00h,
20:00h and 24:00h for measurement of cortisol concen-
trations, and 24-hour urine specimens were collected
for determination of UFC excretion. On the third day,
an indwelling venous catheter for blood sampling was
inserted 1h before sampling and all subjects rested in
a supine position before blood samples were collected
to allow for a period of adaptation. Subsequently,
oCRH was given intravenously (1 pg/kg) at 08:00h
and blood samples for ACTH, cortisol, 17-OHP and
androstenedione concentrations were collected at -5,

0,15, 30,45, 60,90 and 120 min after stimulation. An
additional blood sample for measurement of Glucose,
Insulin, TSH, T3, Free T4, Prolactin, Testosterone,
Estradiol, Dehydroepiandrosterone sulfate (DHEA-S)
and CBG concentrations was drawn at 08:00h, prior
to the administration of oCRH. Samples were cen-
trifuged and separated immediately after collection
and were stored at -80 °C until assayed.

Psychometric assessment

The following instruments were administered to
all subjects at baseline:

State-Anxiety Inventory (STAI): The STAI con-
sists of 20 items to assess state anxiety (STAI 1) and
another 20 items to assess trait anxiety (STAI 2).
State anxiety is defined as an unpleasant emotional
arousal in face of threatening demands or dangers.
A cognitive appraisal of threat is a prerequisite for
the experience of this emotion. Trait anxiety, on the
other hand, reflects the existence of stable individual
differences in the tendency to respond with state
anxiety in the anticipation of threatening situations.'

Beck Depression Inventory (BDI): The BDI is
a commonly used self-report rating instrument for
quantifying levels of depression;!” in the first part
of the test, psychological symptoms are assessed,
whereas the second part assesses physical symptoms.
The BDI includes 21 items in which patients are
asked to answer on a four-point scale ranging from 0
(symptom not present) to 3 (symptom very intense).
The BDI demonstrates high internal consistency, with
Cronbach alpha values of .86 and .81 for psychiatric
and non-psychiatric populations, respectively.'’

Symptom Checklist-90R (SCL90-R): This is a
90-item multidimensional rating scale designed to
measure current symptomatology and distress. Subjects
indicated the amount of disturbance a particular item
produced during the past week on a Likert scale rang-
ing from 0 (not at all) to 4 (extremely). An average
of all items is used as a global measure of distress. In
addition, there are 9 symptom clusters (comprised of
10 items each): somatization, obsessive-compulsive,
interpersonal sensitivity, depression, anxiety, hostility,
phobic anxiety, paranoid ideation and psychoticism.
Scores for each are derived from the average of each
symptom cluster’s items.'®
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Table 1. Clinical characteristics and endocrinologic parameters in carriers of 21-hydroxylase deficiency (21-OHD) and control subjects

Carriers of 21-OHD (n=29) Control subjects (n=13) P-value*
Age (years) 41.8+5.8 438+ 6.1 0.332
Gender 0.7399
Male 14 (48.3%) 5(38.5%)
Female 15 (51.7%) 8 (61.5%)
Body mass index (BMI, kg/m?) 269+54 24.1+3.6 0.141
ACTH (pmol/L)
-15 minutes 3.9+3.1 22+1.1 0.094
0 minutes 28+1.5 20+£1.7 0.089
15 minutes 79+7.5 83+6.6 0.918
30 minutes 7.8+4.8 82+45 0.691
45 minutes 6.4+2.7 6.8+33 0.735
60 minutes 47+1.8 54+£29 0.627
90 minutes 3.1+14 3.1+2.1 0.508
120 minutes 24+1.3 24+14 0.566
17-OHP (nmol/L)
-15 minutes 82+52 42+24 0.001
0 minutes 7.1£38 42+24 0.003
15 minutes 9.1+£94 48+2.7 0.004
30 minutes 112+£94 55+2.7 0.001
45 minutes 12.1+£9.7 58+3.3 <0.0001
60 minutes 10.0+£5.2 55+£3.0 0.001
90 minutes 79+42 48+2.7 0.010
120 minutes 73+3.9 45+£27 0.006
Cortisol (nmol/L)
-15 minutes 372.5+168.3 314.5+38.6 0.588
0 minutes 309.0 + 1435 281.4+44.1 0.955
15 minutes 438.7+126.9 372.5+91.0 0.081
30 minutes 516.0 +121.4 48831104 0.586
45 minutes 546.3 +110.4 5242+ 113.1 0.607
60 minutes 502.1+£104.8 5352+121.4 0.489
90 minutes 386.3+74.5 438.7+110.4 0.134
120 minutes 306.2 £93.8 331.1 £104.8 0.988

Continuous variables presented as mean + standard deviation (SD); *Mann-Whitney p-value; § Chi-squared p-value. Reference ranges:
ACTH: 2.0-11.5 pmol/L; 17-OHP: Females Follicular phase: 0.3-3.3 nmol/L, Luteal phase: 2.9-13.0 nmol/L, Males: 0.8-3.6 nmol/L;

Cortisol: 138-552 nmol/L; Androstenedione: Females: 1.9-8.7 nmol/L, Males: 2.1-10.8 nmol/L; Testosterone: Females: 0.347-4.16
nmol/L, Males: 9.9-52.4 nmol/L; DHEA-S: Females: 0.87-7.3 umol/L, Males: 2.6-14.4 umol/L; DHEA: 3.47-36.4 nmol/L; TSH: 0.4-

4 mIU/L; FT3: 2.46-7.8 pmol/L; FT4: 9-20.5 pmol/L; PRL: Adult females: 0.08-1.09 nmol/L, Adult males: 0.11-0.74 nmol/L; CBG:
Females: 687.2-2645.7 nmol/L, Males: 378.0-945.0 nmol/L; Glucose: 3.9-6.7 mmol/L; Insulin: 28.7-193.7 pmol/L; Cortisol, Urine:
13.8-179.4 nmol/day; Cortisol, Salivary: Morning hours: 8-10 a.m: <19.1 nmol/L, Afternoon hours: 2:30-3:30 p.m: <I1.9 nmol/L,

Midnight: 8.33 + 3.62 nmol/L.
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Table 1. (continued) Clinical characteristics and endocrinologic parameters in carriers of 21-hydroxylase deficiency (21-OHD) and control

subjects
Carriers of 21-OHD (n=29) Control subjects (n=13) P-value*
Androstenedione (nmol/L)
-15 minutes 84+4.5 52+2.5 0.036
0 minutes 7.0+3.1 52+£28 0.052
15 minutes 8.0£3.5 63+24 0.168
30 minutes 944+38 7.7+3.1 0.142
45 minutes 10.5+3.5 80+3.5 0.093
60 minutes 9.8+3.1 8.4+42 0.208
90 minutes 7.7+2.4 7.0+42 0.323
120 minutes 63+28 5628 0.435
Testosterone (nmol/L) 6.9+6.2 7.6+10.4 0.901
DHEA-S (umol/L) 40+25 33+2.0 0.750
DHEA (nmol/L) 25.7+13.2 20.8+11.8 0.353
TSH (mIU/L) 1.4£0.8 1.4+0.6 0.836
Free T3 (pmol/L) 52+0.8 49+0.5 0.226
Free T4 (pmol/L) 143 £2.0 144+12 0.901
Prolactin (nmol/L) 031+0.2 0.30+0.1 0.879
CBG (nmol/L) 891.6 +240.7 891.6 £204.4 0.913
Glucose (mmol/L) 51£0.7 5.1+0.1 0.977
Insulin (pmol/L) 43.1+£68.2 33+144 0.146
Cortisol, Urine (nmol/day) 101.9 £ 64.1 98.3+75.7 0.874
Cortisol, Salivary (nmol/L)
8:00 h 19.3+15.1 11.0£55 0.130
12:00 h 8.3+8.3 55+0.3 0.652
16:00 h 11.0£16.6 2.8+0.3 0.067
20:00 h 55455 28+03 0.587
24:00 h 55+2.8 55+83 0.691

Continuous variables presented as mean + standard deviation (SD); *Mann-Whitney p-value; § Chi-squared p-value. Reference ranges:
ACTH: 2.0-11.5 pmol/L; 17-OHP: Females Follicular phase: 0.3-3.3 nmol/L, Luteal phase: 2.9-13 nmol/L, Males: 0.8-3.6 nmol/L;
Cortisol: 138-552 nmol/L; Androstenedione: Females: 1.9-8.7 nmol/L, Males: 2.1-10.8 nmol/L; Testosterone: Females: 0.347-4.16
nmol/L, Males: 9.9-52.4 nmol/L; DHEA-S: Females: 0.87-7.3 umol/L, Males: 2.6-14.4 umol/L; DHEA: 3.47-36.4 nmol/L; TSH: 0.4-
4 mIU/L; FT3: 2.46-7.8 pmol/L; FT4: 9-20.5 pmol/L; PRL: Adult females: 0.08-1.09 nmol/L, Adult males: 0.11-0.74 nmol/L; CBG:
Females: 687.2-2645.7 nmol/L, Males: 378.0-945.0 nmol/L; Glucose: 3.9-6.7 mmol/L; Insulin: 28.7-193.7 pmol/L; Cortisol, Urine:
13.8-179.4 nmol/day; Cortisol, Salivary: Morning hours: 8-10 a.m: <19.1 nmol/L, Afternoon hours: 2:30-3:30 p.m: <11.9 nmol/L,

Midnight: 8.33 + 3.62 nmol/L.

Temperament and Character Inventory (TCI): This
is a 240-item questionnaire to assess personality style.
The TCI describes normal personality by 4 putatively
inborn temperamental dimensions (novelty seeking,
harm avoidance, reward dependence and persistence)

and 3 character dimensions (self-directedness, coop-
erativeness and self-transcendence)."

All the questionnaires we used for the purpose of
this study were in Greek and have been standardized
and validated accordingly.?**
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Assays

Cortisol: Serum cortisol concentrations were de-
termined using a two-site Chemiluminescent Immu-
noassay CLIA (Immulite 2000, SIEMENS Healthcare
Diagnostics Products Ltd, Gwynedd, UK) with a
sensitivity of 5.5 nmol/L. The intra-assay coefficients
of variation (CVs) were 6.1%, 5.3% and 7.4% at 91.0,
496.6 and 855.3 nmol/L, respectively. The inter-assay
CVs were 8.2%, 7.2% and 9.4% at 91.0, 496.6 and
855.3 nmol/L, respectively.

Urinary Free Cortisol (UFC): UFC was deter-
mined by a competitive direct chemiluminescent
assay (ADVIA Centaur System, Siemens, Erlangen,
Germany) with a sensitivity of 27.6 nmol/L. The
intra-assay CVs were 3.69%, 3.09% and 2.98% at
107.1, 155.3 and 1025.0 nmol/L, respectively. The
inter-assay CVs were 5.45%, 3.83%, 3.07% and 1.86%
at 107.1, 155.3,391.0 and 759.6 nmol/L, respectively.

Salivary Cortisol: Salivary Cortisol was meas-
ured by an automated Electro-chemiluminescence
Immunoassay [Analyzer Cobas e411-ROCHE DI-
AGNOSTICS (GmbH, Mannheim, Germany)]. The
precision (within run) CV was 1.0-1.3 %.

ACTH: ACTH was determined by a Chemilumines-
cent Immunoassay CLIA (Immulite 2000, SIEMENS
Healthcare Diagnostics Products Ltd., Gwynedd, UK)
with intra-assay CVs of 3.1%-9.6% and inter-assay
CVs of 5.1%-9.2%. The sensitivity of the assay was
1.1 pmol/L.

17-Hydroxyprogesterone (17-OHP): 17-OHP was
measured by a Radioimmunoassay (RIA) (Diasource
Immunoassays SA, Louvain-la-Neuve, Belgium)
with a sensitivity of 0.06 nmol/L. The intra-assay
CVs were 6.2%, 5.6% and 5.1% at 1.30 and 7.12 and
22.88 nmol/L, respectively. The inter-assay CVs were
9.2% and 5.2 % at 2.33 and 5.97 nmol/L, respectively.

Androstenedione: Androstenedione was meas-
ured using a Chemiluminescent Immunoassay CLIA
(Immulite 2000, SIEMENS Healthcare Diagnostics
Products Ltd., Gwynedd, UK) with a sensitivity of
1.05 nmol/L. The intra-assay CVs were 11.3%, 6.7%
and 4.1% at 1.85,2.61 and 12.67 nmol/L, respectively.
The inter-assay CVs were 13.2%, 8.7% and 5.9% at
1.85, 4.47 and 27.89 nmol/L, respectively.

Other Measurements: Testosterone, prolactin,
DHEA-S, FSH and LH concentrations were deter-
mined by a two-site Chemiluminescent Immunoas-
say — CLIA (Immulite 2000, SIEMENS Healthcare
Diagnostics Products Ltd., Gwynedd, UK). CBG was
determined by a Radioimmunoassay (RIA) (Diasource
Immunoassays SA, Louvain-la-Neuve, Belgium) with
a sensitivity of 4.5 nmol/L.

Statistical analyses

Continuous variables are expressed as mean+SD,
while categorical variables are presented as frequency
and percentages. The normality of distributions of
continuous variables was evaluated with the Kol-
mogorov-Smirnov test. The non-parametric Mann-
Whitney U-test was applied to compare non-normally
distributed continuous variables. The chi-squared
test was applied to compare categorical variables
between groups. The correlation between endocrine
and psychometric parameters was evaluated with
Pearson’s correlation coefficient. Receiver operating
curve (ROC) analyses were applied to calculate the
area under the concentration curve (AUC) of selected
endocrine parameters over time. Stepwise multiple
linear regression analysis was used to investigate in-
dependent predictors of the psychometric parameters
assessed. The independent variables entered into all
regression models included peak or mean concentra-
tions of ACTH, 17-OHP and androstenedione, as well
as UFC and salivary cortisol. Variables retained in the
model were selected according to the Wald p-value
<0.05 criterion. The criterion of significance for all
analyses was a two-tailed p-value <0.05. Statisti-
cal analyses were performed with SAS v. 9.2 (SAS
Institute, Cary, NC, USA), and ROC analyses were
performed with SPSS v. 21 (SPSS Inc.). A power
analysis to determine the necessary study sample
size for evaluating the primary study objective was
conducted based on the CDC - Epi Info version 7.0
Software (Dean AG et. al. CDC, Atlanta, GA, USA,
2011).

RESULTS

The study population (n=42) consisted of 29
(69.1%) carriers of 21-OHD and 13 (31%) control
subjects. The clinical characteristics and endocrinologic
parameters of the study population are presented in
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Table 1. Carriers of 21-OHD did not differ significantly
from controls with respect to age, gender or BMI.
With respect to endocrinologic parameters, carriers
of 21-OHD had significantly higher peak and mean
concentrations of 17-OHP, as well as AUC, at all
consecutive time points assessed (Table 2). However,
they did not differ significantly from their healthy
counterparts with respect to peak, mean or AUC
concentrations of either ACTH or cortisol, including
plasma, urine and salivary cortisol concentrations
(Figure 1). Of note, carriers of 21-OHD had slightly
higher mean ACTH values baseline (at -15 and 0 min).
This finding, although not statistically significant,
may indicate an interesting trend.

Comparisons between carriers of 21-OHD and
controls in the performance of psychometric param-
eters are presented in Table 3. The psychometric
assessment according to the State Anxiety Inventory
(STAI 1) scale revealed that carriers of 21-OHD had
significantly higher mean (+ SD) values of STAI 1 than
controls (47.6+5.6 vs. 43.3+5.4; P=0.023), although
they did not differ from their healthy counterparts
with respect to trait anxiety scale (STAI 2). Notably,
carriers of 21-OHD had higher mean total STAI score
values than controls. This finding is of borderline
significance but may again indicate an interesting
trend (95.£8.4 vs. 91.248.4; P=0.087). With regard
to the occurrence of depression, the comparison of
participant responses according to the BDI revealed
that carriers of 21-OHD had similar depression scores
to those of controls. This finding was sustained by
findings arising from the corresponding component
scores of the SCL-90R. No differences between the

two groups were noted in any of the personality traits
evaluated by the TCI (Table 3).

The Pearson correlation analyses revealed that peak
17-OHP concentrations were positively correlated
with STAI 1 responses (r=0.364; P=0.027), but not
the total STAI score (r=0.302; P=0.069). Further-
more, mean UFC concentrations were significantly
correlated with the SCL-90R subscale responses
relating to paranoid ideation (r=0.435; P=0.023) and
psychoticism (r=0.454; P=0.017), as well as to the TCI
subscale of self-transcendence (r=0.371; P=0.048).
Finally, stepwise multiple linear regression analyses
revealed that among all independent variables assessed,
the single independent predictor of state anxiety (as
determined by the STAI 1) was peak concentration
of 17-OHP (B: 0.055, R*: 0.290, P=0.031).

DISCUSSION

In this study we demonstrated that carriers of
CAH due to 21-OHD had significantly higher peak,
mean and AUC 17-OHP concentrations in response to
oCRH stimulation and significantly higher state anxi-
ety (STAI 1) scores compared with healthy matched
subjects. Moreover, we found that mean 24-hour
UFC concentrations were significantly positively
correlated with paranoid ideation and psychoticism,
while peak 17-OHP concentrations were the only
independent predictor of the STAI 1 score. These
findings may indicate chronic hyperactivity of the
hypothalamic-pituitary axis, which, upon exposure
to stressors, might predispose these subjects to the
development of affective and/or anxiety disorders.

Table 2. Receiver operator curve analysis for endocrine parameters between carriers of 21-hydroxylase deficiency (21-OHD) and control subjects

Area under the curve (95% CI) Standard error (SEM) P - value
ACTH 0.512(0.301-0.723) 0.108 0.905
17-OHP 0.211 (0.059-0.363) 0.078 0.003
Androstenedione 0.331 (0.157-0.506) 0.089 0.089
Cortisol
Serum cortisol 0.448 (0.252-0.645) 0.100 0.602
Salivary cortisol 0.263 (0.045-0.480) 0.111 0.117

95% CI: 95% confidence interval
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Figure 1. Differential responses of ACTH (Panel A), 17-OHP (Panel B), serum cortisol (Panel C) and androstenedione (Panel D) in

carriers of 21-hydroxylase deficiency and control subjects.

Parents of children with either hypothyroidism
or Turner syndrome were included in our study as
control subjects. Hypothyroidism is the most common
endocrine disorder and, if inadequately treated, it may
have serious clinical and metabolic complications,
including dyslipidemia, neuromuscular dysfunction,
cognitive impairment, infertility and an increased risk
for cardiovascular disease. On the other hand, Turner
syndrome is a genetic disorder with potentially severe
associated comorbidities, such as developmental,
endocrine, cardiovascular and psychosocial disorders,
infertility and poor growth. Thus, parents of children
with either hypothyroidism or Turner syndrome were
selected as controls on account of the psychological

impact secondary to the stress of raising a child with
a chronic illness.

The increased peak, mean and AUC 17-OHP
concentrations in response to oCRH stimulation in
carriers of 21-OHD indicate chronic compensatory
hyperresponsiveness of the HPA axis owing to the
mild impairment in cortisol biosynthesis.” Moreover,
the higher—though not statistically significant—mean
ACTH values at baseline (at -15 and 0 min) may point
towards the same direction, most likely reflecting a
state of mild chronic ACTH hypersecretion.

Alarge body of clinical and experimental evidence
suggests that there could be a critical role of both
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Table 3. Comparison of psychometric parameters between carriers of 21-hydroxylase deficiency (21-OHD) and control subjects

Carriers of 21-OHD (n=29) Control subjects (n=13) P-value*
State Anxiety Inventory (STAI)
State anxiety (STAI 1) 47.6+5.6 433+54 0.023
Trait anxiety (STAI 2) 47.8+5.2 479+37 0.353
Total STAI score 954+84 912+84 0.087
Beck Depression Inventory (BDI)
Depression score 7.7+5.7 8.4+4.0 0.512
Symptom Checklist — 90R (SCL-90R) §
Somatization 73+7.7 8.0£5.8 0.395
Obsessive-compulsive 9.8+5.7 10.9+6.0 0.575
Interpersonal sensitivity 6.4+49 7.0+24 0.151
Depression 9.8+8.1 13.8+7.1 0.071
Anxiety 6.2+43 6.7+4.0 0.597
Hostility 45+4.6 5.6+4.5 0.432
Phobic anxiety 22+35 1.2+1.6 0.620
Paranoid ideation 6.1 +3.8 59+34 0.936
Psychoticism 33+32 32£2.6 0.761
Total SCL-90R 61.1+38.6 67.8+27.2 0.327
Temperament and Character Inventory (TCI)
Novelty seeking 222+3.1 205+42 0.187
Harm avoidance 16.3+4.4 13.6+3.8 0.083
Reward dependence 13.4+22 13.8+2.5 0.711
Persistence 32413 35+14 0.690
Self-directedness 20.5+5.7 22.0+5.3 0.345
Cooperativeness 23.7+£29 242+3.6 0.732
Self-transcendence 152+4.0 15.6+4.9 0.776

Continuous variables presented as mean + SD; *Mann-Whitney p-value
9 SCL-90R conducted among n=37 (CAH carriers: n=27 vs. Controls: n=12)

CRH and AVP in the development of affective and
anxiety disorders. In rodents, intracerebroventricular
administration of CRH increases locomotion, anxiety,
fear, despair and emotionality, decreases appetite,
sexual activity, exploration and social interaction,
and activates the HPA axis and the autonomic nervous
system. In addition, single-nucleotide polymorphisms
(SNPs) in the genes encoding CRH, CRH-1R, CRH-
2R and CRH-binding protein may be associated with
increased susceptibility to psychiatric disorders and
may predict the response to antidepressant thera-
py.%?*? Preclinical and clinical evidence thus points
to the therapeutic potential for CRH type 1 receptor

antagonists, such as antalarmin, in the treatment of
anxiety and depression.?**° Furthermore, AVP has
been related to enforced stress-reaction, trait anxiety
and depression.?”?!

Anxiety disorders are a group of psychiatric disor-
ders that may significantly impair the quality of life of
affected individuals. Those include GAD, PD, phobic
disorders [i.e. specific phobias, agoraphobia, social
phobia (SP)], post-traumatic stress disorder (PTSD) and
OCD. Several abnormalities in the HPA axis function
in patients with anxiety disorders have been reported,
however, results are conflicting. In patients with PD,
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both normal baseline activity and hyperresponsive-
ness of the HPA axis have been described.'*** SP is
also associated with hyperresponsiveness of the HPA
axis after exposure to psychosocial stressors.’> On
the other hand, patients with PTSD typically display
a hypoactive HPA axis, although they have higher
cerebrospinal fluid (CSF) CRH concentrations and
smaller hippocampal volume than healthy controls.'*-*2
The neuroendocrine alterations in PTSD have been
attributed to a developmental programming secondary
to early-life trauma. The latter may result in tissue-
specific alterations in glucocorticoid sensitivity, en-
hanced negative feedback inhibition of the HPA axis,
changes in glucocorticoid metabolism or low cortisol
concentrations through epigenetic mechanisms.*
Increased concentrations of CRH and AVP in plasma
and CSF have been reported in patients with OCD,
suggesting a hyperactive state of the HPA axis.’? In
GAD, data on HPA axis activity are inconsistent,3?34
owing partly to the use of different diagnostic tools
employed for the assessment of HPA axis function.
Overall, it has been postulated that the persistent HPA
axis hyperactivity observed in GAD may be mediated
by changes in the sensitivity or in the number of CRH
and/or glucocorticoid receptors in brain areas associ-
ated with anxiety disorders, including the amygdala,
hippocampus and the prefrontal cortex.

Our findings of significantly higher STAI 1 scores
in carriers of 21-OHD than the control subjects concur
with the above data and may reflect an association
between chronic CRH hypersecretion, due to HPA axis
compensatory hyperactivity, and increased anxiety in
these subjects. The significant positive correlation
between peak 17-OHP concentrations and STAI 1
responses and the fact that peak 17-OHP concentra-
tion was an independent predictor of state anxiety
point towards the same direction, possibly linking
the degree of cortisol synthesis impairment to the
severity of anxiety-related symptoms. Furthermore,
the findings of higher total STAI scores in carriers of
21-OHD, although not statistically significant, may
again indicate an interesting trend of carriers towards
states of anxiety.

Stress in early prenatal and postnatal life, such as
parental separation during early childhood, childhood
abuse and neglect or childhood parental loss, has been
associated with long-lasting neuroendocrine altera-

tions in HPA axis function. Similarly, a persistent
sensitization of the HPA axis in carriers of 21-OHD,
which is already present during the prenatal life,
and a subsequently reduced glucocorticoid receptor-
mediated negative feedback on the HPA axis, may
lead to permanent alterations in HPA axis regulation,
predisposing these subjects to stress-related disorders
in adult life. Furthermore, an increased interaction
between chronically elevated CRH and its type 1
receptor, altered receptor sensitivity or enhanced
signaling capacity may result in higher state anxiety,
possibly through transcriptional and/or epigenetic
mechanisms.!*3? In contrast, after prolonged periods
of chronic stress an initially hyperactive HPA axis
eventually evolves into a hypoactive state through
down-regulation of CRH receptors in the pituitary,
resulting in lower ACTH and cortisol secretion.?*-
Hypoactivity of the HPA axis has been described in
several physical and psychiatric disorders, including
atypical depression, PTSD, chronic fatigue syndrome
and fibromyalgia.>!%%

In our previous study, carriers of 21-OHD were
shown to display mild hypocortisolism, as indicated
by lower 24-hour UFC excretion compared with con-
trols. Moreover, their 24-hour UFC concentrations
correlated negatively with obsessive-compulsive
behavior, novelty seeking and reward dependence.’
Although a similar finding was not shown in the
present study, a relative hypocortisolemic state of
carriers of 21-OHD owing to their enzymatic de-
fect can be postulated. This mild hypocortisolism
might contribute to the decreased ability of these
subjects to cope adequately with stress, both physi-
cally and emotionally. It is important to note that
both hypocortisolism and hypercortisolism may be
associated with different types of personality traits
and/or psychopathology.'>*® Homeostatic mecha-
nisms, including the stress system, exert their ef-
fects in an inverted U-shaped dose-response curve
(Figure 2). Basal, healthy homeostasis or eustasis is
achieved in the central, optimal range of the curve,
whereas suboptimal effects may occur on either side
of the curve and can lead to insufficient adaptation,
a state that has been called allostasis or cacostasis.
The latter states of hypofunction or hyperfunction
of the stress system may have short-term or long-
term adverse consequences for the individual and
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Figure 2. Schematic representation of the interrelation between
CRH or cortisol concentrations and sense of well-being or per-
formance. Normal CRH/cortisol secretion is associated with
optimum sense of well-being, whereas both CRH and cortisol
hyposecretion or hypersecretion lead to compromised sense of
well-being and/or performance. Whereas most normal subjects
fall within the optimum range, we hypothesize that carriers of
21-hydroxylase deficiency have shifts toward the right or left of
the optimum range because of high CRH and low cortisol con-
centrations, respectively. These shifts may explain the correla-
tion between altered HPA axis activity and certain psychological
parameters.

may lead to compromised sense of well-being and/
or performance.® Accordingly, we hypothesize that
carriers of 21-OHD have shifts toward the right or
left of the optimum range because of high CRH
and low cortisol concentrations, respectively, which
may explain the correlations between altered HPA
axis activity and certain psychological parameters.
Finally, we observed a positive correlation between
24-hour UFC concentrations with paranoid ideation
and psychoticism. These results are in accordance with
previous studies showing that among patients with
major depression, psychotic depression was associated
with significantly higher rates of non-suppression
of cortisol in the dexamethasone-suppression test.>’

The main strength of our study is the administration
of four different psychometric instruments for the as-
sessment of anxiety and depression-related symptoms.
Moreover, cortisol concentrations were measured in
different samples, including 24-hour urine collections,
serum and multiple saliva specimens, to avoid varia-
tions due to acute stress responses. However, several
limitations of this study should be acknowledged.
The number of participants is relatively small; there-
fore, larger studies are required to elucidate further
the association between psychological factors and

endocrinologic parameters in carriers of 21-OHD.
Furthermore, the adverse socioeconomic environ-
ment and the subsequent increased stress imposed on
many families that participated in the study could be
possible confounding factors, influencing the cortisol
responses to oCRH stimulation and anxiety/depres-
sion scores in our study participants.

We conclude that carriers of 21-hydroxylase de-
ficiency have increased 17-OHP responses to oCRH
stimulation and significantly higher state anxiety
scores compared with normal controls. In addition,
the severity of anxiety-related symptoms correlated
positively with peak 17-OHP concentrations. The
above findings indicate a decreased negative feed-
back inhibition at the hypothalamic and pituitary
levels, which may lead to chronic hyperactivity of
the HPA axis and, upon further exposure to adverse
environmental factors, might predispose these sub-
jects to the development of physical, affective and/
or anxiety disorders.
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