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Highlights

e Metabolic health in patients with congenital adrenal hyperplasia (CAH) is good

e CAH men are prone to increased relative body fat mass

e Hydrocortisone use is superior in terms of body composition in comparison to synthetic
glucocorticoids

o Arterial hypertension is rare, but 54 % of patients have an impaired systolic drop at night

e Impaired dipping is independently mediated by higher sodium levels

e |nsulin resistance is more common in CAH women and in those with poor androgen control

Abstract

Data on cardiovascular morbidity in adults with congenital adrenal hyperplasia (CAH) is sparse. We
therefore aimed to determine the role of androgen control and glucocorticoid therapy on metabolic
health. For that purpose, we included 90 patients (N = 39 men, N = 51 women) with classic CAH due
to 21-hydroxylase deficiency (N = 61 salt wasting, N = 29 simple virilizing) and an equal number of
controls matched for age, sex, BMI and smoking-habits. We could show that there was no difference
in intima-media-thickness between patients and controls and only one patient fulfilled all criteria of the
metabolic syndrome. CAH men presented with an increased relative body fat mass in comparison to
controls (25.6% vs. 22.1%; p = 0.011) while this was not true for CAH women. Body fat was lower in
those taking hydrocortisone instead of synthetic glucocorticoids (B = -3.27; p = 0.048). While arterial
hypertension was rare, 54 % of patients had an impaired systolic drop at night or were classified as
non-dippers (17%). Impaired dipping was not associated with evening glucocorticoid and
fludrocortisone intake but mediated by sodium levels. Insulin resistance was more common in CAH
women (B = 1.689; p = 0.036) and in those with poor androgen control (B = 0.823; p = 0.046). In
summary, we could show that good cardiovascular health outcome in adult CAH patients can be
achieved. Hydrocortisone is superior in terms of body composition. It is yet unclear how non-dipping

will translate into cardiovascular morbidity in the long-term.
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17-OHP 17-hydroxyprogesterone

ACTH adrenocorticotrophic hormone
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IMT intima media thickness

MS metabolic syndrome

SHBG sex hormone binding globuline
SYY simply virilizing

SwW salt-wasting

WHR waist-to-hip-ratio



1. Introduction

Congenital adrenal hyperplasia (CAH) is a group of hereditary endocrine disorders affecting key
enzymes of cortisol biosynthesis. In 95% of cases it is due to mutations in the 21-hydroxylase gene,
affecting 10,000 to 15,000 life-births (1,2). Depending on the severity of the underlying mutation, the
dysfunction of 21-hydroxylase either results in glucocorticoid deficiency alone (simply virilizing form=
SV) or the so-called salt-wasting form (SW) due to additional severe mineralocorticoid deficiency, both
summarized in the so-called classic form. ACTH oversecretion because of reduced hypothalamo-
pituitary negative feedback, in turn, drives adrenal androgen excess. Treatment is challenging as
glucocorticoid dosages often must lie in the supraphysiologic ranges to achieve adequate androgen
control. This is of particular importance, as depending on the definition, reported rates of over- as well
as undertreatment still lie in the range of up to 64% (3) and several studies have shown that patients
with CAH have a higher risk for metabolic and cardiovascular morbidity (4-6). In addition, under- as
well as overtreatment-associated mortality is increased (7). Notably, iatrogenic hypercortisolism, as
well as androgen-excess, can result in cardiometabolic disturbances (8,9). A recent meta-analysis
concluded that patients with CAH suffer in particular from increased blood pressure, premature
arteriosclerosis and insulin resistance, while overt diabetes mellitus type 2 and dyslipidemia seem to

be a minor problem (10).

Although it might be assumed that poor treatment associated outcomes such as cardiovascular
mortality, diabetes, thromboembolic, or arteriosclerotic events will eventually emerge in later adult life,
current recommendations on optimal treatment strategies and androgen target values in adults are
based on relatively weak evidence. This is due to the rarity of the disease, and the still young age of
most reported cohorts (10). There is, in particular, a paucity of studies supplying enough power to
disentangle the effects of different dosing regimens, as well as hyper- and hypoandrogenism on
metabolic parameters in both sexes. Earlier studies in adult populations were in particular hampered in
this regard either by their small sample sizes or the high heterogeneity within their populations due to

the multi-center character (4,10).

In the present study, we therefore firstly aimed to provide a general overview on cardiometabolic
health and recommended markers of treatment quality in a large cohort of adult patients that have
been treated in a single university center and compare them to healthy controls. All patients have

4



received consistent medical treatment, as all patients have been seen by one experienced pediatric
endocrinologist during childhood and one experienced adult endocrinologist during adulthood.

Therefore, bias from different treatment approaches can be minimized.

Our main outcomes were, intima media thickness (IMT) as a marker of atherosclerotic development,
24h-blood pressure and body composition. Secondly, we analyzed the effects of recommended
markers of treatment quality concerning over- and undertreatment on metabolic comorbidities in a
subgroup of patients. We hypothesized that over- as well as undertreatment, would be associated with

a poorer cardiometabolic profile.

As further secondary outcomes, we hypothesized that there would be differences in cardiometabolic
outcomes regarding synthetic glucocorticoids vs. hydrocortisone and that higher equivalence dosages

of GCs would be associated with worsened cardiometabolic parameters.

2. Material and Methods

2.1 Subjects

The aim of our study was to analyze the cardiovascular and metabolic profile of a large cohort of adult
patients with classic CAH due to 21-hydroxylase deficiency compared to a group of healthy controls
matched for age, sex, BMI and smoking habit. All patients and controls were seen at the clinical
research facility of the outpatient clinic of the Medizinische Klinik 1V, Klinikum der Universitat Minchen,
LMU Munich. Controls were recruited from students at the Ludwig-Maximilians-Universitdt Minchen
and from hospital staff at the University Hospital Munich by direct approach or advertisement. Controls
were interviewed for any existing preconditions and excluded if there was any history of cardiovascular
disease, diabetes, psychiatric disorders or malignoma. None of the controls was taking any medication
on a regular basis.

The study was approved by the ethical committee of the Ludwig-Maximilians-Universitat Minchen. All

participants gave their written informed consent.

2.2 Hormone assays and hormonal control



Blood was drawn in fasting patients in the morning between 8 and 10 a.m., roughly 2 hours after the
intake of the morning medication of participants.

Concentrations of androstenedione, adrenocorticotrophic hormone (ACTH), total and free
testosterone, renin concentration, aldosterone and sex hormone binding globuline (SHBG) were
determined using the Liaison chemiluminescence immunoassays (DiaSorin, Sallugia, ltaly). 17-
hydroxyprogesterone (17-OHP) was determined in serum by enzyme immunoassay (IBL, Hamburg,
Germany). Pregnanetriol was measured in 24-hour urine by semi-automated gas chromatography.
Daily doses of glucocorticoids and mineralocorticoids were evaluated. To have a better comparability
equal hydrocortisone doses were calculated (hydrocortisone=1, prednisolone=4, dexamethasone=70
(11) and adjusted to the patients’ body surface area (1). 17-OHP, androstenedione, testosterone, and
plasma renin concentrations were categorized as suppressed (=undetectable), low, normal, and
elevated based on the respective age- and sex-specific reference range.

Patients were regarded to be well controlled, when androstenedione levels were within the sex-
specific reference range (men 0.4-2.6 ng/ml, women 0.4-4.1 ng/ml). Insulin sensitivity was assessed
according to the homeostasis model assessment of insulin resistance (HOMA-IR) (12). Elevated
HOMA-IR index was defined as above 2.5.

Metabolic syndrome was defined based on a modified definition of the AHA/NHLBI (2004) (12). The

diagnosis of metabolic syndrome was made when three of the five following criteria were fulfilled,

1. Visceral obesity with waist circumference of >102 cm in men and >88 cm in women

2. Raised blood pressure of >= 130 systolic and/or >= 85 mmHg diastolic or intake of
antihypertensive medication

3. Raised fasting glucose of 5.6 mmol/L (100 mg/dL) and/or diabetes mellitus

4. Hypertriglyceridemia of at least 1.7 mmol/L (150 mg/dL)

5. Decreased HDL-cholesterol of <1.03 mmol/L in men and <1.29 mmol/L in women.

2.3 Evaluation of the body composition
All participants underwent body composition analysis by bioimpedance analysis (Bianostic-AT; Data
Input GmbH, Darmstadt, Germany) including measurements of body fat mass, lean body mass,

extracellular mass and body cell mass.

2.4 Sonographic intima media thickness measurements of the common carotid artery
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Intima media-thickness of the common carotid artery has been established as a predictor for
cardiovascular health and endothelial disfunction. All measurements were performed after a
standardized protocol with a B-mode ultrasound using a 8 MHz linear transducer and a high resolution
instrument (Acuson Sequoia; Siemens AG, Munich, Germany) and were stored on DVD for off-line
evaluation by a semi-automated edge-detection reading system (Prowin Software, Medical

Technologies International, USA).

2.5 Ambulatory 24-hour blood pressure measurements
24-h blood pressure measurements were performed in patients using a proper device (Space Labs

Model 90207 Space Labs Medical Inc., Redmond, USA) for 24 hours in their regular environment.

2.6 Statistical analysis

For statistical analysis SPSS software version 23.0 (IBM, Armonk, NY) was used. Ordinal and non-
normally distributed metric variables between distinct groups were compared using Mann-Whitney U
test for two-group comparisons or Kruskill Wallace test for comparison of more than two groups with
post-hoc pair-wise Mann-Whitney-U-Test being performed in case of statistically significant differences
between groups. Dichotomous variables were compared using Pearson chi-square test. Benjamini-
Hochberg correction was used to control for possible false discovery resulting from the use of multiple
variable comparison between groups with regard to metabolic outcome parameters. A g-value (false
discovery rate = FDR) < 0.05 was considered statistically significant. A power calculation for the main
outcome variables based on earlier reports on CAH patients as well as assumed clinical significance
for group differences can be found in the supplements (Table S1). Spearman correlation was used to
investigate univariate correlations. A hypothesis driven explorative analysis we performed with regard
to potential influential factors for metabolic outcome parameters. Severely skewed dependent
variables were log-transformed before further analysis in order to obtain regression residuals that
conformed more closely to the normal distribution. Multivariate linear regression models were used to
investigate the relationship between depended and independent variables, including potential
influential factors which showed a correlation at least on trend level (>0.1) using the entry method. All

models included age and sex as covariates. All statistical tests were performed with a < 0.05 (2-tailed).

3. Results



3.1 Patient characteristics

90 patients (N = 39 men, N = 51 women) with classic CAH due to 21-hydroxylase deficiency and an
equal number of controls matched for age, sex, BMI and smoking-habits were included. Median age
was 29 years (range 18-62). 61 patients (N = 33 women, N = 23 women) suffered from salt wasting
(SW) and the remaining 29 patients from the simple virilizing (SV) form of CAH (N = 18 women, N = 11
men). According to the expected (residual) in vitro enzymatic activity, sixteen (17.8%) patients were
assigned to genotype group 0 (0% enzymatic activity), 21 (23.3%) to genotype group A (intron 2 splice
site mutations), 24 (26.7%) patients to genotype group B (1%—-10% in vitro residual enzyme activity)
and four (4.4%) patients to group C (mutations such as p.Pro30Leu, p.Val281Leu, and p.Pro453Ser
or greater than 20%—30% in vitro 21-hydroxylase activity ) (13). From the remaining patients, genotype
was not available. As most patients with CAH are compound heterozygous, the clinical phenotype is

defined by the mutation retaining the most enzyme activity.

3.2 Anthropometry

Compared to the general German population, patients in this study presented with an increased BMI.
About one fifth of patients (26.7 %) were classified as obese (BMI above 30kg/m2). Compared to the
control group, which was matched for BMI and age, both, CAH men (Median 1.72m; IQR 167.0-
179.0m versus 1.82m; IQR 1.74-1.85m; p < 0.001) and women (1.60m; IQR 1.56-1.64 vs. 1.68 IQR
165-1.72m; p < 0.001) were significantly shorter (Figure 1A). As intended, there were no differences in
BMI and weight between patients and controls (Figure 1B+D). In relation to total body volume, CAH
men also presented with an increased % body fat mass in comparison to controls (25.6%; IQR 19.8-
30.3 vs 22.1%; IQR 17.6-26.3; p = 0.011) while this was not the case for CAH women (34.4%; IQR
29.4-40.4 vs. 32.9%; IQR 28.8-38.2; p = 0.424) (Figure 1C). The fat mass/lean mass-ratio was
significantly higher in patients than controls (CAH men: 0.41; IQR 0.31-0.69 vs. 0.29; IQR 0.22-0.36; p
< 0.001; CAH women: 0.61; IQR 0.46-0.85 vs. 0.49 IQR; 0.41-0.62; p = 0.008) (Figure 1E). Median
waist/hip ratio was 0.90 in CAH men (IQR 0.83-0.95) and 0.79 in CAH women (IQR: 0.75 - 0.83).
Waist-to-height-ratio was 0.54 in CAH men (IQR 0.45-0.61) and 0.48 in CAH women (0.45-0.58).
According to the age-specific reference ranges, waist-to-hip-ratio (WHR) was elevated in 25 patients

(46.3% of those tested) and 17.9% of men and 34.6% of women presented with an increased waist



circumference > 102cm and 88cm, respectively (p = 0.160). Waist-to-height ratio, according to age-

specific reference ranges was elevated in 64.3% of men and 46.2% of women (p = 0.180).

Figure 1. Differences in anthropometric measures between patients and controls
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Fig 1. CAH men and CAH women were significantly shorter than corresponding controls (p < 0.001).
(Figure 1A). As intended, there were no differences in BMI and weight between patients and controls
(Figure 1B+D). In relation to total body volume, CAH men also presented with an increased % body fat
mass in comparison to controls (p = 0.011) while this was not the case for CAH women (Figure 1C).
The fat mass/lean mass-ratio was significantly higher in patients than controls (CAH men: p < 0.001;

CAH women: p = 0.008) (Figure 1E).



Patients were on glucocorticoid (GC) replacement therapy with either hydrocortisone (N=35),
predniso(lo)ne (N=40) or dexamethasone as monotherapy (N=8). Five patients had a combination of
dexamethasone and prednisolone (N=1) or hydrocortisone (N=4). Two patients did not take any GC
(Table 3). The median glucocorticoid equivalent dosage was 25mg (IQR 17.5-30mg) in women and
30mg in men (IQR 25-40mg) (p = 0.002). Adjusted for body surface area, CAH women took a median
dosage of 14.3mg/m? (IQR 9.6-16.7mg/m?) and CAH men 16.2mg/m? (IQR 12.6-19.3mg/m?) (p =
0.053). Median fludrocortisone dosage was 0.075 mg in patients with SW (IQR 0.05-0.1 mg). In 19
patients, fludrocortisone dosage was split into a morning and an evening dose, in the others (N=20)
given in a single morning dose. There was no significant difference in GC equivalence dosage
between patients with SW and SV CAH (SW: 30mg IQR 20-35mg; SV: SW 25mg IQR 17.5-30mg; p =
0.259). Same was true for dosage per m2 (SW: 15mg/m? IQR 12.4-17.8; SV:14.5, IQR 8.9-18.0mg/m?;

p = 0.358) (Table 2).

3.3 Disease control

17-OHP was within the normal range in 18 (20%) patients, decreased in 38 (42.2%) patients and
elevated in 34 (37.7%) patients. Androstenedione was decreased in 30 (34.1%), normal in 40 (45.5%)
and elevated in 18 (20.5%) of patients. Total testosterone was low in 11 (28.2%) and within the normal
range in 28 CAH men (71.8%), while it was normal in 46 (90.2%) and elevated in five CAH women
(9.8%). Pregnanetriol was elevated in 30 (41.6%) of patients. Renin concentration was normal in 53

(58.9%) patients and elevated in 37 (41.1%) of patients (Table 3).

According to our definition, 56.4% of men and 37.3% of women were regarded as well controlled.
Overtreatment was more common in women (45.1%) than in men (17.9%), while the opposite was true

for undertreatment (17.6% vs. 25.6%) (Figure 1).

Figure 1. Androgen control
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Fig 1. According to our definition, 56.4% of men and 37.3% of women were regarded as well
controlled. Overtreatment was more common in women (45.1%) than in men (17.9%), while the

opposite was true for undertreatment (17.6% vs. 25.6%).

3.4 Blood pressure

Ambulatory 24-hour blood pressure measurements were performed in 59 patients. Across the whole
study group, 24h median systolic (120 mmHg; IQR 114-127mmHg) and diastolic values (median
74mmHg; IQR 68-79mmHg) were within the normal range. Same was true for daytime values (systolic
median 124 mmHg; IQR 117-130mmHg and diastolic median 76mmHg; IQR 72-83mmHg) (Table S2).
In contrast, a lack of nocturnal blood pressure dropping was documented in most patients examined.
54 % (32 of 59) of patients showed an impaired systolic drop (<10%) and 17 % (n = 10) were
classified as non-dippers (Figure S1). The frequency of non-dippers was equally distributed between
SW and SV (X2; p = 0.665), and there were also no differences in other blood pressure measures
between those groups. There was also no difference in terms of dipping according to evening intake of

GC (X2; p = 0.328) or fludrocortisone (X2; p = 0.380) (data not shown).

3.5 Intima media thickness
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Intima media thickness (IMT) measurements of the common carotid arteries were performed in 73
patients and compared to 73 healthy subjects matched for age, sex, BMI and smoking habit. There
was no significant difference in IMT between patients and controls (median 0.60mm; IQR 0.56-

0.65mm versus 0.62; IQR 0.57-0.67mm; p = 0.215; q = 0.036) (Figure S2).
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3.6 Metabolic evaluation

Median total cholesterol levels were 4.4mmol/l (IQR 4.1-5.8 mmol/l) in CAH men and 5.3mmol/l (IQR
4.6-5.8mmol/l) in CAH women. Median HDL-cholesterol was 1.4mmol/l (IQR 1.1-1.7mmol/l) in CAH
men and 1.7mmol/l (IQR 1.5-2.2mmol/l) in CAH women. LDL-cholesterol was 2.8mmol/l (IQR 2.1-3.7
mmol/l) in CAH men and 2.7mmol/l in CAH women (IQR 2.4-3.5 mmol/l). LDL-cholesterol was
elevated (>4.1mmol/l) in 7% of patients (12.5% of those tested). Fasting glucose was 5.1 mmol (IQR
4.8-5.4) and 5.0 (IQR 4.5-5.3mmol/l) respectively. Fasting glucose was elevated in six patients
(11.1%) and 14 (25.4%) patients had an HOMA-IR >2.5, indicating insulin resistance. Despite the high
proportion of overweight patients and the increased body fat content, only one of the patients
investigated fulfilled the criteria for the metabolic syndrome according to the AHA/NHLBI -criteria, with

the limitation that complete data was only available in a subset of patients (Table 4).

3.7 Predictors of metabolic outcome variables

A hypothesis driven explorative analysis was performed regarding potential influential factors for
metabolic outcome parameters in particular with regard to markers of GC or fludrocortisone

overtreatment.

3.7.1 Univariate correlations

Exploratory bipartial correlations about potential covariates for the different outcome parameters were
based on the underlying rational and adjusted for age and sex. Parameters investigated can be found

in the supplements part.

3.7.2 Multivariate analyses:

In bipartial correlation analyses, androgen control (1 = poor, 2 = good, 3 = overtreated) adjusted for
age and sex, only HDL (R = 0.285; p = 0.035) and HOMA-IR (R =-0.374, p = 0.007) were significantly

correlated.

In terms of body composition parameters as indicators of metabolic health, BMI was positively
correlated with age (B = 0.119; p = 0.025) and pregnanetriol levels in urine (B = 0.001; p = 0.008).
Percentage of body fat was as expected higher in women (B = 8.42; p > 0.001) and lower in those
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taking conventional HC instead of synthetic GCs (B = -3.27; p = 0.048), while higher age (B = 0.004; p
= 0.001) and female sex (B = -0.123; p < 0.001) were independently predicting waist circumference,
explaining 45.7% of the total variance as indicated by R2. Waist-to-height-ratio was dependent on age

(B =0.001; p =0.009) and free testosterone levels (B = 0.003; p = 0.006) (Supplement tables S2-13).

The only independent predictors for IMT as an indicator of atherosclerosis risk, were age (B = 0.005; p
< 0.001), male sex (B = 0.054; p = 0.028), BMI (B = -0.005; p = 0.024) and WHR (B = 0.521; p =
0.003). The higher sodium levels were, the lower were systolic and diastolic nocturnal blood pressure
drop (B = -0.008; p = 0.012 and B = -0.006; p = 0.027 respectively). When performing separate
analyses for SW and SV individuals, this association was primarily apparent in those with the salt

wasting form (Figure 2).

Figure 2 Dipping in association with sodium levels in salt-wasting and simply virilizing

individuals
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Fig 2. There was a significant negative relationship with systolic and diastolic dipping in individuals

with the salt wasting form but not in the simply virilizing form.
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There were no further significant correlations adjusted for age and sex regarding 24h-blood pressure,
therefore no multivariate models were calculated. LDL-cholesterol levels were primarily determined by
percentage body fat (B = 0.052; p = 0.041), while HDL levels were only independently determined by
female sex (B = 0.341; p = 0.005). In the adjusted model, androstenedione was negatively affecting
triglyceride levels (B = -0.227; p = 0.001), while there was a positive relationship with 17-OHP (B =
0.025; p > 0.001), DHEAS (B = 0.667; p = 0.037) and WHR (B = 2.613; p = 0.047). A higher HOMA-IR
as a measure of insulin resistance was more common in CAH women (B = 1.689; p = 0.036), in those
with poor androgen control (B = 0.823; p = 0.046) and a higher BMI (B = 0.275; p = 0.007)

(Supplement tables S2-S13).

4. Discussion

This is the largest single-center study in adult patients with classic CAH due to 21-hydroxylase
deficiency. Despite relatively high rates of obesity, dyslipidemia and insulin resistance in our cohort,
only one of the patients included fulfilled the formal criteria of the metabolic syndrome (MS) and there
were no differences in IMT as a sensitive marker of arteriosclerotic end-organ damage. This may be
due to various reasons: First, being the most obvious one, the average age of our patients was still
relatively young. Only one-fifth of patients were older than 40 and only seven patients older than 50.

Earlier studies have shown that as expected, cardiometabolic profiles worsen with advancing age

(14,15). Nonetheless, this rate was surprisingly low, given the reported age-standardized rate of MS in
primary care patients in the same region of Germany and according to the same definition of 21.4%
(16). Our results also contrast with a large multi-center study from the UK were metabolic disturbances
were widespread, with obesity affecting up to 40% of patients. This is even though the covered age
range, as well as the mean age of around 30 years in both sexes, was comparable to our cohort.
Same was true for average GC dosage. However, even though dose splitting with intake of a GC
dosage in the evening was common in our cohort, none of the patients received a reverse circadian
regimen, while this was widespread practice in the UK study. This again strengthens the idea that a
therapy best mimicking circadian cortisol secretion may be beneficial concerning metabolic outcomes

(17).
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Nonetheless, obesity was still highly prevalent in our patients as having been reported in most studies
so far (6,11,18). One fifth of our patients was classified as being obese, while this is only true for 18-

22% in the comparable age range of the general German population (19).

Same is true for an increased fat/lean mass (15,20) that seems to be a particular concern in males
(21,22). This may be since hyperandrogenism in females leads to a relative increase in muscle mass
(23,24) despite potentially unfavorable effects of GC overexposure, while testosterone concentration in
our CAH males were low in a significant proportion of patients. However, we could not support this by
our regression analyses, keeping in mind that androgen exposure may vary during the day and we

had to rely on single androgen measurements in the morning.

We could not confirm studies demonstrating increased IMT in CAH Patients with CAH in comparison
to controls (12,25), even though this has also been shown in very young patients before (27).
However, this is not a constant finding (26). A possible explanation may be that at least with regard to
women, poor androgen control in our study was less common than overtreatment and there is

evidence that IMT may rely more on androgen than GC exposure (27,28).

Average blood pressure was within the normal range in all but one patient in our cohort and only one
additional subject was taking antihypertensive drugs. Intriguingly, however, the rate of non-dippers
with over 50% in both sexes was strikingly high. In line, high rates of non-dippers have been described

in most studies (29,30,31).

Prevalence of hypercholesterinemia, and high LDL-cholesterol was also quite common in our study
population, affecting one third to one-half of patients in the subgroup analysis in accordance with
earlier studies (3,5). As reported before (3,9,14,32), there was also a rather high proportion of patients
with insulin resistance defined by a HOMA-IR > 2.5, while overt hyperglycemia or diabetes mellitus

was rare.

In accordance with earlier studies (6,16), the average GC dosage was rather high in our cohort,
underlining the need for modified-release formulations that could fulfill the promise of better androgen
control despite lower overall GC exposure (17). According to our definition and the local reference
ranges, only 56% of men and 37% of women were regarded as well treated in terms of androgen
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control, while undertreatment was more common in CAH men and overtreatment was more common
in CAH women. Given the fact that this still resulted in overall relatively good cardiometabolic health
profile, however, should again challenge the suitability of a single hormone measurement for the
assessment of treatment quality, especially in the context of varying half-life and pharmacokinetics of
different treatment regimens. In line with this, Fallhammer and colleagues (15) demonstrated that
although more than half of participants in their study had at least one 17-OHP value below or at the
level of detection, 24h median 17-OHP as well as urinary pregnanetriol, were still elevated in a high
proportion of patients. Although androstenedione that was used for classification of androgen control
in our study as recommended, is superior in this regard due to its lower diurnal variance (33), a single
hormone measurement in the morning may still only give a rough overview on treatment control and
studies may differ regarding the timing of GC intake and androgen measurement, hampering their
comparability. A potential long-term marker of androgen control, urinary pregnanetriol was, not
available in all our patients. Nonetheless, also this marker in a subgroup analyses only told little about
cardiometabolic outcome parameters. It was just a significant independent determent of BMI, not
informing about the causality of the relationship. It would also be interesting to see in future studies,
how 11-oxygenated androgens which have been suggested to be better markers of androgen control

(34, 35) relate to metabolic profiles.

Regarding other cardiometabolic outcome parameters, only triglyceride levels and insulin resistance
were independently determined by markers of treatment quality. IMT was to a significant extent
explained by classical risk factors from which some, but not all were in turn determined by treatment
parameters such as GC dosage, type of GC or androgen control. LDL levels were associated with GC
equivalence dosage and type of GC, but the effect seemed to be primarily driven by body fat content.
Body fat in turn was higher in those taking synthetic GCs than in those on HC replacement therapy,
independent of equivalence dosage. It has been shown before in pediatric patients that obesity is
associated with intake of long-acting GCs, independent of the anticipated equivalence dosage (36),
indicating that pharmacodynamics plays a crucial role in this regard. In support of this observation, in
vitro studies indicate e.g. that while chronic GC exposure represses the thermogenic activity of brown
and beige adipocytes (37), acute administration seems to have the opposite effect (38) hereby
differently affecting energy expenditure. In line with this, a recent study indicates that dexamethasone

use in adults with CAH was associated with an increase in visceral fat and insulin resistance (39).
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While according to univariate analyses GC and FC intake at night influenced systolic blood pressure
drop, this effect seemed to be mediated by sodium levels and was primarily seen in those with salt
wasting. This finding was not unexpected, given the sodium-retaining effects of gluco- and
mineralocorticoids. The independent effect of non-dipping on cardiovascular risk in turn seems,
however, inconclusive. While nocturnal hypertension has been linked to the development of future
cardiovascular events by some groups (40-41), others could not confirm its role as an independent risk
factor (42). Interestingly, insulin resistance, independent of sex, was rather determined by under- than
by overtreatment according to androstenedione levels. This finding has been reported before (43) and
illustrated that androgens in women and men exert different effects on metabolic parameters. This has
already been demonstrated in transgender individuals receiving testosterone treatment (23) and of
course also in the current complex pathophysiological concept of PCOS (44). In line, there are studies
in non-classic CAH underlining the relationship of higher 17-OHP (9) and testosterone levels (27) with
insulin resistance.

A strength of our study is that it is the largest single-center study focusing on cardiometabolic health in
adult patients with CAH. In addition, it must be emphasized, as mentioned before, that due to an
established transition unit, all patients included have received consistent medical treatment in a single-
center setting and all patients have been seen by one experienced pediatric endocrinologist during
childhood and one experienced adult endocrinologist during adulthood. This allows to minimize bias
that assumedly results from a more heterogeneous treatment history as in earlier studies on this topic
(4). A limitation of our study is the still relatively young age of our patients certainly narrows the
variance of outcome parameters investigated. In addition, cardiovascular family history was not

assessed that may contribute to a significant extent to cardiovascular risk.

A further limitation of our study is that we only used a single steroid measurement in the morning
instead of data from several time points for the calculation of an androstenedione integral. Although
this might be superior in terms of assessment of overall androgen exposure, it is too elaborate for
clinical routine and we were therefore more interested in how a single measurement at a definite
timepoint as recommended by current guidelines (1) is predictive for metabolic outcomes. All patients
included were either receiving a morning dosage of HC or prednisolone or an evening dosage of
dexamethasone which show, given the wide inter-individual variability, a comparable suppression

profile for the chosen time window (45, 46).
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5. Conclusion

In summary, we could show that cardiometabolic health in adult CAH patients that have been
constantly treated in an optimized care setting can be achieved. This applies in particular for IMT as
an estimate of general arteriosclerotic development as well as for high blood pressure. Obesity and
unfavorable body composition alterations are however still more common than in the general
population and potentially negative effects on cardiovascular risk must be re-evaluated in the long run.
It is also not clear if the high proportion of non-dippers will eventually translate into cardiovascular
morbidity. Our data further indicate that HC is superior in terms of body composition in comparison to
synthetic GC. It will therefore be interesting to see how new modified-release formulations will perform

regarding long-term cardiometabolic outcomes.

Lastly, our data show that there is still room for improvement in terms of optimizing androgen control
striking the balance between over- and undertreatment, also keeping in mind that there are apparent

sex- dependent diverged effects on metabolic outcomes in this regard.
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Table 2 Glucocorticoid and mineralocorticoid replacement

Abbreviations: GC: Glucocorticoid

CAH men CAH women
(N=39) (N=51) p
GC type N % N %
HC 17 43.6% 18 35.3%
Predniso(lo)ne |16 41.0% 24 47.1% 0.686
Dexamethasone | 4 10.3% 4 7.8%
Combination 2 5.1% 3 5.9%
None 0 0.0% 2 3.9%
GCin the
evening
3‘852"9”'”9 6 15.4% 14 27.4%
0.176
None 1 2.5% 1 2.0%
Equivalence Median Percentiles | Median Percentiles
dosage (25th-75th) (25th-75th)
GC equivalence | 5, 25.0-40.0 |25.0 17.5-30.0 0.002
dosage [mg]
GC equivalence |, 12.6-19.3 |14.3 9.6-16.7 0.053
dosage [mg/m?]
Fludrocortisone N % N %
Morning dose o o
only 20 51.3% 36 70.6% 0.061
Morningand 1,4 48.7% 15 29.4%
evening dose
Median Percentiles | Median Percentiles
(25th-75th) (25th-75th)
Total
Fludrocortisone | 0.0875 0.05-0.12 0.075 0.05-0.1 0.254
[mg]
Total
Fludrocortisone | 0.045 0.027-0.062 | 0.047 0.03-0.06 0.587
[mg/m?]
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Table 3. Markers of disease control

CAH men CAH p
(N=39) women
(N=51)
N % N %
Renin
concentration
Below
detection 0 0.0 0 0.0
0 0.0 0 0.0
LowW 0.032
Normal 18 46.2 35 68.6
Elevated 21 53.8 16 314
17-OHP
Below
detection 0 0.0 0 0.0
Low 13 33.3 25 49.0
Normal 8 20.5 10 19.6 0.276
Elevated 18 46.2 16 314
Androstenedione
Below 3 7.9 15 30.0
detection
Low 11 28.9 9 18.0 0.080
Normal 10 47.6 11 52.4
Elevated 14 36.8 15 30.0
Testosterone
Selow_ 0 0.0 16 31.4
etection
Low 11 28.2 NA NA <0.001
Normal 28 71.8 30 58.8
A/T-Ratio
<05 21 55.3 NA NA
- 6 15.8 NA NA
0.5-1 NA
>1 11 28.9 NA NA
Pregnanetriol
Below
detection
Normal 18 60.0 24 57.1
Elevated 12 40.0 18 42.9 0.742
Missing 9 23.1 9 17.6

Abbreviations: 17-OHP: 17a-Hydroxyprogesterone, A: Androstenedione, T: Testosterone, NA: not
applicable
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Table 4. Lipids and insulin resistance

CAH men (N) CAH women (N) p o}

Total Cholesterol | Normal |18 62.1% |14 50.0%
e 0.359 0.52

High 11 37.9% | 14 50.0%

HDL-Cholesterol | Normal |25 86.2% | 27 96.4%
0.173 0.36

Low 4 13.8% |1 3.6%

LDL-Cholesterol | Normal |19 67.9% |18 64.3%
- 0.778 0.78

High 9 32.1% |10 35.7%

Fasting glucose |Normal |25 92.6% | 27 96.4%
0.531 0.59

Elevated | 2 7.4% |1 3.6%

Triglycerides Normal |22 78.6% | 26 92.9%
0.088 0.28

Elevated | 6 21.4% |2 7.1%

HOMA-IR Normal |24 88.9% | 14 56.0%
0.008 0.05

Elevated | 3 11.1% |11 44.0%

Abbreviations: HOMA-IR: homeostasis model assessment of insulin resistance, q: False discovery

rate
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