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Abstract

Background Hyperandrogenism and supraphysiologic glucocorticoid replacement may lead to subclinical athero-
sclerosis in people with congenital adrenal hyperplasia (CAH) and predispose the development of cardiovascular
diseases from an early age.

Objectives To determine if cardiometabolic risk factors and subclinical atherosclerosis are more frequent in patients
with CAH due to 21-hydroxylase deficiency (210HD) and if there is an association with clinical, hormonal and treat-
ment of 210HD.

Material and methods A descriptive prospective cross-sectional study exploring clinical variables, biochemical, hor-
monal variables, endothelial dysfunction (flow-mediated dilation < 5%) and carotid intima media thickness (> 95 per-
centile in adolescents and > 75 percentile in adults) and epicardial fat. Adolescents and young patients with 210HD
were compared with controls matched by age, sex, body mass index and Tanner stage.

Results Forty four subjects (22 with CAH), 36 (82%) females, with a mean age of 17.1+5.5 years (range 10-30 years)
were included. Family history revealed diabetes, hypertension, and hypercholesterolemia with high frequencies

in both groups. The blood pressure was similar in both groups. Blood glucose levels were lower and triglycerides
higher in patient (both p <0.01). Epicardial fat was similar between groups and in patients with CAH it was related
to cholesterol levels (r=0.679, p<0.01), time since CAH diagnosis (r=0.462, p=0.03) and glucocorticoid dose
(r=0.499, p=0.04). Carotid intima media thickness (CIMT) had a tendency to be increased in patients (p=0.07)

and was directly related to 17-hydroxyprogesterone (r=0.510, p=0.018), diastolic blood pressure (r=0.444, p=0.04)
and the homeostatic model assessment (HOMA) index (r=0.507, p=0.01). Endothelial dysfunction was not different
between groups.

Conclusions Some cardiometabolic risk factors were increased in patients with CAH and were associated with clini-
cal, hormonal and treatment parameters of CAH. Cardiometabolic risk should be evaluated regularly in patients
with CAH.
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Introduction

Congenital adrenal hyperplasia (CAH) refers to a group
of inherited enzyme defects in cortisol biosynthesis. It
is the most common adrenal disorder in childhood with
equal involvement of both sexes and with a very wide
spectrum of clinical manifestations [1, 2]. The spectrum
of enzyme deficiencies varies from partial to total, with
21-hydroxylase deficiency (210HD) being the most fre-
quent, accounting for 95-99% of all CAH cases [1-3].

Achieving normal growth and development remains
a primary goal of treatment for CAH. Glucocorticoids
and, when necessary, mineralocorticoids, are the main-
stay of treatment in these patients, both for substitution
of deficient steroids and for the purpose of suppressing
excessive adrenal androgen production [1, 4].

Patients with CAH are considered to be at higher car-
diometabolic risk compared to general population, due
to more risk factors such as obesity, insulin resistance
hypertension and dyslipidemia. The constellation of
these factors, which begins in childhood, could result in
endothelial dysfunction and predispose to atheroscle-
rosis, metabolic syndrome and cardiovascular diseases
at an early age [5-12].

The exact reasons that explain the increased car-
diovascular risk in patients with CAH and the patho-
physiology of the metabolic alterations detected are
still unknown. The combination of supraphysiological
glucocorticoid replacement, hyperandrogenism, and
hypofunction of the adrenal medulla due to CAH, an
element that has been added in recent years [6, 13, 14],
makes these patients more prone to developing cardio-
vascular risk factors [6, 12].

Atherosclerosis is the most common underlying
cause of cardiovascular diseases and is considered the
main cause of morbidity and mortality internationally.
In addition, it is the main cause responsible for disabil-
ity and impaired quality of life in all developed coun-
tries and in those where infections are not the primarily
cause of mortality [7, 10-12].

Subclinical atherosclerosis is defined as the asympto-
matic or preclinical phase of atherosclerosis. Markers
of subclinical atherosclerosis are a set of anatomical,
functional or serological findings that allow diagnosing
atherosclerotic disease in the preclinical stage and thus
classifying patients into the appropriate risk category [7].

The measurement of the flow-mediated dilation
(FMD) of the brachial artery that reflects the endothe-
lial function, as well as the measurement of the carotid
intima media thickness (CIMT), are the two most used,
simple and non-invasive methods to demonstrate sub-
clinical atherosclerosis and are useful as independ-
ent predictors of future cardiovascular events [15].
Endothelial dysfunction and increased CIMT have
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occasionally been reported in children and young adults
with CAH [5, 6].

Epicardial adipose tissue has been identified as an
important element in the development of cardiovascu-
lar disease and may reflect intra-abdominal visceral fat.
Therefore, echocardiographic evaluation of epicardial fat
could serve as a reliable marker of visceral adiposity. Epi-
cardial fat is also associated with clinical and anthropo-
metric parameters of the metabolic syndrome; therefore,
echocardiographic evaluation of epicardial fat is consid-
ered a simple tool to stratify cardiovascular risk in clini-
cal practice [16].

Increased CIMT could be related to chronic gluco-
and mineralocorticoid treatment or hyperandrogenism.
However, a direct association between these variables in
patients with CAH has not been precisely demonstrated,
although it has been some indications, especially with
blood pressure [8].

It is still not clear whether subclinical atherosclerosis is
related to CAH itself, its treatment, or both [1]. Thus, the
aims of the current study were to determine if subclini-
cal atherosclerosis was more frequent in adolescents and
young adults with 210HD and its associations with clini-
cal, hormonal and treatment parameters.

Material and methods

This is a descriptive prospective cross-sectional study
carried out at the National Institute of Endocrinology
(INEN), Havana, Cuba; from January 2017 to July 2020.

All patients with CAH due to 210HD who attended or
were referred to the INEN during the study period were
prospectively considered. The inclusion criteria were a
diagnosis of CAH due to 210HD [17], age 10 to 30 years
old to reflect adolescents and young adults, and at least
1 year of follow-up data. The exclusion criteria were pres-
ence of known cardiovascular disease, e.g., congenital
or acquired heart disease, heart failure; or hypertension
not related to CAH, presence of other conditions that
increase cardiovascular risk, such as diabetes and, pri-
mary dyslipidemias and patients where the chromosomal
and social sex differed.

Controls were selected from apparently healthy sub-
jects, matched for age, sex, body mass index (BMI)
and Tanner stage from nearby primary health care. For
the selection of controls, 40 subjects were examined.
To exclude the possibility of CAH in controls, serum
17-hydroxyprogesterone (170OHP) levels were measured.

A detailed personal (pathological history, smoking
or not) and family history as well as physical examina-
tion were carried out at INEN including weight, height,
BMI (calculated as weight in kg/height in m?), waist
circumference and abdominal adiposity (abdominal
circumference/height>0.5). The current age, assigned
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sex, pubertal stage according to Tanner were deter-
mined through questioning and physical examination
and they were taken into account in the interpretation
of the procedures [18]. Blood pressure (BP) was meas-
ured considered the instructions of the Cuban Guide
for the prevention, diagnosis and treatment of hyper-
tension where elevated SBP and/or DBP>90 percen-
tile or BP >120/80 mmHg were defined as hypertension
[19]. The biochemical variables measured were fast-
ing plasma glucose, categorized as hypoglycemia
(£3.0 mmol/L), normal (3.1-5.59 mmol/L), impaired
fasting glucose (5.6-6.99 mmol/L) and hyperglyce-
mia (>7 mmol/L); fasting insulin (mIU/ml) and the
HOMA-IR was calculated to determine insulin resist-
ance (>75 percentile in adolescents and > 2.6 in adults);
total cholesterol (TC) (elevated>5.2 mmol/L);. triglyc-
erides (TG) (elevated>1.7 mmol/L); HDL cholesterol
(HDL) (low<1.03 mmol/L); and LDL cholesterol (LDL)
(elevated > 3.4 mmol/L) [20]. Dyslipidemia was defined
as any elevation of TC, TG and LDL or low HDL. LDL
was calculated using the Friedewald formula: LDL
(mmol/L)=TC—HDL -TG / 2.2, provided that the TG
were below 4.5 mmol/L [20]. The atherogenic index
was calculated: total cholesterol /HDL (mg/dL) and it
was considered normal<4 [21]. Also, serum testoster-
one (nmol/L) (RIA KIT, IZOTOP, Budapest, Hungary)
and serum 170HP measured before morning medica-
tions (nmol/L)(RIA-CT, DIASource, Ottignies-Lou-
vain-la-Neuve, Belgium). All bloods were measured in
the morning after an overnight fast, using and defining
hyperandrogenism according to reference levels provided
by the manufacturer.

After this, the participants were transferred to the
imaging service of the Manuel Fajardo Clinical Surgical
Hospital to determine the FMD of the brachial artery,
the presence of epicardial fat and the CIMT. FMD was
measured as the percentage changed in brachial artery
diameter from baseline in response to the increased flow.
Measurement of CIMT was obtained through carotid
echo doppler (Aloka alpha 5 equipment with a high fre-
quency linear transducer (5-13 MHz)). Epicardial fat was
demonstrated by transthoracic echocardiography with
patients in left lateral decubitus and is the echo-lucent
area between the epicardium of the right ventricle and
parietal pericardium, which is seen as a thick line above
the right ventricular free wall on echocardiography. Both
measurements (CIMT and epicardial fat) were performed
three times. There is yet no definite value considered nor-
mal for epicardial adipose tissue (EAT) thickness. There
are inconsistencies in the literature regarding EAT thick-
ness. In the present study increased EAT thickness was
considered 5 mm or more measured in end-diastole
in three cardiac cycles using a parasternal long axis or
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parasternal short axis view, a threshold for subclinical
atherosclerosis as Bertaso et al. suggested in a systematic
review [22]. All procedures were performed by a trained
cardiologist. The diagnosis of subclinical atherosclerosis
was defined as an increased CIMT (>95 percentile in
adolescents and >75 percentile in adults) [23, 24] and/
or endothelial dysfunction (FMD <5%) [25]. All methods
were carried out in accordance with relevant guidelines
and regulations.

Variables related to CAH was noted such as time since
diagnosis and type of glucocorticoid (hydrocortisone
and cortisone acetate), which were converted to hydro-
cortisone equivalences (cortisone acetate 25 mg=hydro-
cortisone 20 mg) and daily dose of the hydrocortisone
equivalents (mg/m?).

Statistical analysis

The mean+SD or median and range were used and
comparing groups was done with the Student’s ¢ test
(or ANOVA) and Mann—Whitney U test (or Kruskal—
Wallis test) as appropriate. Categorial parameters were
compared using Fisher’s exact test or Chi-square test,
as appropriate. The association of quantitative variables
were done using the Pearson or Spearman correlation
coefficient, as appropriate. A p-value<0.05 was consid-
ered significant.

Results

In total, 44 subjects were included (22 patients with
210HD and 22 matched controls, respectively), 36 (82%)
were females, with a mean age of 17.1+5.5 years (range
10-30, 33 (75%) between 10 and 20 years) (Table 1). Of
the total, 30 (68%) had already completed puberty (Tan-
ner 5). No patient was excluded due to any of the exclu-
sion criteria. No smokers were found in neither patients
nor controls. Glucocorticoid supplementation was pre-
sent in 17 patients (77%). Of the 9 patients with non-
classic CAH, 4 of them received glucocorticoid treatment
because they had early pubarche with acceleration of
bone age and rapidly progressive puberty. All those with-
out glucocorticoids had the non-classic phenotype. The
type of steroid treatment that dominated in the patients
was hydrocortisone alone or combined with fludrocor-
tisone, which represented 12 patients (71%), followed by
cortisone acetate for 5 patients (29%). The blood pressure
was similar between patients with CAH and matched
controls (Table 1). Four patients with CAH and four
controls had blood pressure levels in the range of pre-
hypertension or hypertension. Family history revealed
a history of diabetes mellitus, hypertension, and hyper-
cholesterolemia in more than 50% of the subjects in both
groups (Fig. 1).
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Table 1 Clinical characteristics of 22 patients with congenital adrenal hyperplasia due to 21-hydroxylase deficiency and age-, sex-,

body mass index- and Tanner staged matched controls

Variables

Study Groups p-value
Patients with CAH Matched controls
n=22 n=22
Age (years) 172+57 169+54 0.89
Sex (n) 18 (82%) F 18 (82%) F 1.00
4 (18%) M 4 (18%) M
Weight (kg) 60.3+16.5 62.7+£228 0.70
Height (cm) 1575+98 1599+10.5 0.44
Waist circumference (cm) 735+11 76.1+£144 0.52
BMI (kg/mz) 242463 241473 097
SBP (mmHg) 1025143 107+15 0.31
DBP (mmHg) 65+96 68+9.6 0.30

F Female, M Male, BMI Body mass index, SBP systolic blood pressure, DBP diastolic blood pressure
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Fig. 1 Family history in patients with congenital adrenal hyperplasia and matched controls. T2DM, Type 2 diabetes mellitus

Patients with 210HD had lower blood glucose levels
(»<0.01) but higher TG and the atherogenic index com-
pared to matched controls (both p <0.01). A negative cor-
relation was observed between the atherogenic index and
the FMD (p=0.02); as well as with the CIMT (p=0.03).
No relationship was found with epicardial fat (p=0.33).
All other biochemical tests were similar between patients
and matched controls (Table 2).

The epicardial fat mean in adolescents and young
patients with CAH was 1.13+1.63 and in matched con-
trols 1.02+0.66 (p=0.48). The presence of epicardial
fat had a positive relationship with total cholesterol

levels (r=0.679, p<0.01), the time since CAH diagnosis
(r=0.462, p=0.03) and the glucocorticoid dose (r=0.499,
p=0.04).

Adolescents and young adults with CAH had a dis-
creet tendency of increased mean CIMT (p=0.07)
and greater frequency of increased CIMT (p=0.09),
i.e., subclinical atherosclerosis and a non-significant
higher percentage of endothelial dysfunction (p=0.41)
(Table 3). Unfortunately, one patient did not have the
CIMT nor FMD done. In the multivariate analysis,
the CIMT was directly related to the 17OHP levels
(r=0.510, p=0.018), DBP (r=0.444, p=0.04) and the
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Table 2 Cardiometabolic risk factors in adolescents and young patients with congenital adrenal hyperplasia due to 21-hydroxylase

deficiency and controls matched for age, sex, BMI and pubertal stage

Variables Patients with CAHn=22 Controls P
n=22
Physical examination
Excess weight, n (%) 11 (50%) 10 (45%) 1.00
Abdominal Adiposity, n (%) 11 (50%) 9 (41%) 0.76
Blood pressure, n (%) Normal 18 (82%) 18 (82%) 0.55
Prehypertensive 2 (9%) 1 (5%)
Hypertensive 2 (9%) 3(14)
Biochemical tests
Blood glucose (mmol/L) mean +SD 39+068 4.7+064 <0.01
Insulin (umUI/ml) mean+SD 15.7+8.8 14.1+39 0.45
HOMA-IR mean+SD 28+1.7 29+10 0.70
Insulin resistance, n (%) 9 (41%) 11 (58%) 0.28
Total cholesterol (mmol/L) mean +SD 40+1.1 3.7+0.7 0.35
High total cholesterol, n (%) 2 (9%) 1 (5%) 0.55
LDL (mmol/L) mean+SD 24+1.1 22+05 033
Elevated 2 (9%) 0 (0%) 0.49
HDL (mmol/L) mean+SD 11403 12+04 0.15
Low 10 (46%) 6 (27%) 035
Atherogenic index 378+10 3.0+0.7 <0.01
Triglycerides (mmol/L) mean +SD 1.1+049 0.76+0.29 <0.01
Elevated 3(14%) 1(5%) 0.61

CAH congenital adrenal hyperplasia

Table 3 Measurements of subclinical atherosclerosis using flow-mediated dilation of the brachial artery and the carotid intima media
thickness in adolescents and young adults with congenital adrenal hyperplasia due to 21-hydroxylase deficiency and age-, sex-, body

mass index- and Tanner staged matched controls

Patients with CAH Matched controls p-value

n=21 n=22
CIMT (mm) 045 (0.4-0.6) 042 (0.2-0.5) 0.07
Increased (n)(>90 p) 11 (52%) 6 (27%) 0.09
CIMT Right (mm) 0.5 (0.3-0.7) 04 (0.3-0.6) 0.10
CIMT Left (mm) 0.5 (0.3-0.6) 0.5 (0.3-0.6) 0.98
FMD, media+SD 106+5.7 103+6.2 083
Endothelial dysfunction (n) 4 (19%) 2 (9%) 0.41
Epicardial fat, median (range) 1(5.8) 1.1) 0.64
Increased (n) =5 mm 2 (9%) 0 (0%) 0.23

CIMT Carotid intima media thickness, p percentile, FMD flow-mediated dilation

HOMA index (r=0.507, p=0.01), but not with current
hydrocortisone equivalent dose (r=-0.186, p=0.491).
Of the 21 patients with CAH in whom the CIMT were
explored, 11 (52%) had it increased. Comparisons
between those with CAH and increased vs normal
CIMT were made with the only difference being more
females in the increased CIMT group (11/11 vs 6/10,
p=0.035) (other data not shown).

In relation to clinical variables and cardiometabolic risk
factors, it was found that only triglyceride concentrations
had a statistically significant positive association with the
time since the CAH diagnosis (r=0.45, p=0.03).

No statistically significant differences were found
between those patients with CAH and preserved
endothelial function and those with dysfunction (data
not shown).
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The characteristics of the patients with CAH are shown
according to phenotype in Table 4. The patients with
the non-classic phenotype were diagnosed later, had
shorter time since diagnosis, lower 17OHP levels and
higher CIMT values in addition to a tendency to lower
hydrocortisone equivalent dose compared to the clas-
sic CAH phenotypes (salt-wasting and simple virilizing,
respectively).

Discussion

This study investigated subclinical atherosclerosis in
Cuban patients for the first time, measured as CIMT,
had a tendency to be more common in CAH compared
to controls matched by age, sex, BMI and Tanner stage.
CIMT was associated with hormonal control, diastolic
blood pressure and insulin resistance in patients with
CAH. However, even though endothelial dysfunction
was more than twice as common in these young patients
with CAH than in matched controls, this was not statisti-
cally significant, probably due to the limited number of
participants and the young age. Furthermore, compar-
ing patients with CAH with controls matched by BMI is
quite unique in the field of cardiovascular risk in CAH
and probably underestimate the differences between
patients with CAH and general population.

In the management of CAH it is necessary to evalu-
ate the short- and long-term outcomes, especially
cardiovascular and metabolic complications which
have been shown to be increased in some studies [6,
10, 26]. This topic has gained in importance in recent
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years, although not much data have been collected in
pediatric patients [27].

The main objective of therapy in patients with CAH
is to replace the deficient hormones and normalize the
adrenal androgen levels, for which glucocorticoids and
mineralocorticoids are used [1, 2]. It is a challenge to
maintain balance between hyperandrogenism and hyper-
cortisolism. On the one hand, suboptimal doses increase
adrenal androgen production, accelerate skeletal matu-
ration, produce a loss of growth potential and increase
the risk for adrenal crisis. On the other hand, in over-
treated patients, growth is suppressed, blood pressure is
increased, iatrogenic Cushing and early cardiovascular
complications may appear [13].

In relation to the biochemical parameters, the
lower fasting glucose concentrations in patients with
CAH compared to controls is probably a sign of cor-
tisol insufficiency in the morning and have also been
reported in other studies [9, 13]. Moreover, the epi-
nephrine deficiency demonstrated in CAH may also
have contributed [13].

Given the increase in cardiovascular risk in these
patients, there is currently a growing interest in detecting
vascular disease in its subclinical stage, since intervening
in this period is crucial to prevent future cardiovascular
events. Among the most used methods for its detection
are FMD and CIMT [8, 22, 23]. The study of endothelial
function has gained great relevance in medical practice,
because dysfunction is an early precursor in the patho-
physiology of atherosclerosis [7-13].

Table 4 Variables related to 21-hydroxylase deficiency according to phenotype

Phenotype p- value
SwW SV NC
n=8 n=5 n=9
Age at diagnosis 0.01(0.01-1) 1(0.01-8) 12 (6-18) <0.01
(years)
Time since diagnosis (years) 14 (10-31) 11 (10-25) 8(0.8-12) <0.01
Hydrocortisone equivalent dose 37.5 (15-40) 27.5 (15-50) 15(15-17.5) 0.10
mg/d
Hydrocortisone equivalent dose (mg/mzld) 20(12.9-27.1) 178 (7.5-314) 8.7 (8.7-10.6) 0.07
Testosterone (nmol/L) 29(05-64)F 42(1.1-92) F 29(05-64)F 091
40M 7.0(08-13.1)M 40M
170HP (ng/mL) 124 (3.1-14) 13(1.5-13.2) 24(03-13) 0.03
CIMT (mm) 0.46 (0.4-0.55) 0.41(0.3-0.5) 0.52 (0.45-0.6)° 0.05
FMD 9.65 (0.0-17.96) 11.55(4.29-19.47) 1091 (2.61-19.85)° 0.84
(%)
Epicardial fat 144 (0.0-5.8) 062 (0.0-1.1) 1.14 (0.0-5.0) 0.82
(mm)

SW Salt-wasting, SV simple virilizing, NC non-classic form, 170HP 17-hydroxyprogesterone, CIMT Carotid intima media thickness, FMD flow-mediated dilation

?n=28.Ffemale, M male
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Endothelial function can be described as a barometer
of cardiovascular health, useful for directing patient
management in a personalized way and evaluating thera-
peutic strategies [28]. Although no significant differences
were found in the frequency of endothelial dysfunction
in the present study, probably due to limited power and
the young age of the participants, endothelial dysfunc-
tion was present in twice as many patients compared to
matched controls. It should be noted that we matched
controls concerning BMI and this probably underesti-
mated the differences between patients with CAH and
the general population.

Increased CIMT, is also considered a marker of sub-
clinical atherosclerosis [29], and has recently become
a highly valuable test due to multiple clinical trials that
have demonstrated its relationship with the early detec-
tion of cardiovascular disease [25]. This is why the Amer-
ican Heart Association recommends it as a non-invasive
imaging study to detect atherosclerosis [30]. In our study,
the CIMT was only non-significantly higher in patients
with CAH, where more than half showed increased
thickness (>90th percentile), which is an indication of
a subclinical atherogenic process [31]. The associations
between CIMT and 17OHP levels, diastolic blood pres-
sure and the HOMA index were striking and have been
shown by others as well [27]. However, they did not, sim-
ilar to us, find a statistical difference in CIMT between
their children with CAH compared to healthy controls
[27]. The differences that have been found between
patients with CAH and controls have been associated
with disease control, such as duration of treatment and
androgen levels, which act on the function of the arte-
rial wall [32]. Nevertheless, when we compared different
clinical data, such as age at diagnosis of CAH, duration
and current dose of glucocorticoid supplementation and
clinical signs of hyperandrogenism in our patients with
increased with those patients with normal CIMT we
could not find any significant findings. In contrast, Kim
et al. did find significant associations with these param-
eters [33]. However, we did find a positive relationship
between CIMT and 170HP. Thus, the poorer hormonal
control, the more subclinical atherosclerosis. Moreover,
our adolescents and young adults with the non-classic
phenotype had increased CIMT compared to the other
more severe phenotypes which could indicated that pro-
longed untreated hyperandrogenism plays a role in the
development of atherosclerosis. However, this result
should be taken with reserve considering the small size
of the groups.

In the present study, 18% of patients with CAH had
prehypertension or hypertension which was similar
to matched controls. Blood pressure measurements
in patients with CAH have varied [34], even though a
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meta-analysis indicated increased blood pressure in
patients with CAH compared to controls. The blood
pressure in CAH may depend on the age, glucocorticoid
and mineralocorticoid dose, hormonal control, delay of
CAH diagnosis, other risk factors such as obesity and so
on [13, 35].

Epicardial fat has emerged in recent years as a relevant
target, towards which numerous interventions and ther-
apies are directed today. There are few reports evaluat-
ing epicardial fat in patients with CAH. Kim et al. [36],
have been pioneers and have found, similar to the present
study, a high epicardial fat, and an association with dura-
tion of CAH, waist circumference and the dose of gluco-
corticoids used [29].

Limitations

Like all studies, also the current study had limitations.
The limited number of included patients with CAH, but
still a decent size compared to previous studies [12, 26],
the wide age range, only few males, not having access to
the total glucocorticoid and androgen exposure during
the entire life as well as the economic constraints pre-
venting us from analyzing more biochemical tests such
as androstenedione and DHEAS were some of them.
The limited number of included participants made it dif-
ficult to reach statistical significance in the differences
found. However, in contrast to most previous studies
investigating cardiovascular risk factors in CAH [10, 26],
we matched controls for BMI. This probably underesti-
mated the differences since obesity is more common in
CAH than in the general population in most previous
studies [8, 10, 29, 30]. It should be noted that obesity is
a risk factor for subclinical atherosclerosis and in spite
of us controlling for BMI we did find tendencies of sub-
clinical atherosclerosis in adolescents and young adults
with CAH. Moreover, atherosclerosis develop over time
and an older study population would more likely find
larger differences. The results may in some respects be
generalized to other variants of CAH, however, vari-
ants with known increased mineralocorticoid levels and
thus hypertension such as 11B-hydroxylase deficiency
may have even higher cardiovascular risk [37]. Another
strength, apart from the matched controls, is that the
study is prospective while retrospective studies are the
most common in the field of CAH. Furthermore, this
study was performed in a non-high-income country with
economical constraints, while most previous studies con-
cerning cardiovascular risk in CAH have been done in
high-income countries [29]. Moreover, the current pop-
ulation is characterized by a mixture of fundamentally
European and African genes which has not been studied
so much previously. This gives some new perspectives to
CAH care and management.
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Conclusions

Adolescents and young adults with CAH had a strong
tendency of increased CIMT compared to age-, sex-, Tan-
ner stage and BMI matched controls. CIMT was directly
related to 17OHP, diastolic blood pressure and HOMA-
index. Epicardial fat was positively associated with total
cholesterol levels, duration of CAH and the glucocorticoid
dose. Non-classic phenotype may be more affected. Ado-
lescents and young adults with CAH should be regularly
assessed for cardiovascular risk and non-invasive methods
such as measurement of epicardial fat, CIMT and FMD.

Acknowledgements
Alina Chapé for her laboratory work and Heian Perén Araujo for some linguis-
tic help with the manuscript.

Authors’ contributions

TM.ER. conceived, designed, organized the study and managed the necessary
resources for its development. She wrote the first draft and the final manu-
script. AK.PV. participated in the bibliographic search, in the application of
the data collection instruments and contributed to the writing of the article.
W.V.G. participated in the bibliographic search, in the application of the data
collection instruments. J.O.CR. performed the cardiovascular studies. ED.A.
performed the statistical processing. H.F. supervised and contributed to the
writing of the manuscript and the literature review. All authors reviewed and
approved the final manuscript.

Funding
Open access funding provided by Karolinska Institute. This was an academic
investigation with funding from the Magnus Bergvall Foundation (HF).

Availability of data and materials
The original contributions presented in the study are included in the article.
Further inquiries can be directed to the corresponding author.

Declarations

Ethics approval and consent to participate

The Ethics Committee of MINISTERIO DE SALUD PUBLICA INSTITUTO
NACIONAL DE ENDOCRINOLOGIA in Havana, Cuba, approved the study
(Registration number 10/ 2019). The informed consent to participate in this
study was obtained for all patients and/or legal guardians (for minors under
16 years). All methods were carried out in accordance with the Declaration of
Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Pediatric Endocrinology, National Institute of Endocrinology,
Havana, Cuba. 2University Surgical Clinical Hospital Manuel Fajardo, Havana,
Cuba. 3Department of Molecular Medicine and Surgery, Karolinska Institutet,
Stockholm, Sweden. “Department of Endocrinology, QB85 Karolinska Univer-
sity Hospital, 171 76 Stockholm, Sweden.

Received: 23 February 2023 Accepted: 26 October 2023
Published online: 02 November 2023

References
1. Claahsen-van der Grinten HL, Speiser PW, Ahmed SF, Arlt W, Auchus RJ,
Falhammar H, et al. Congenital adrenal hyperplasia - current insights

Page 8 of 9

in pathophysiology, diagnostics and management. Endocr Rev.
2022;43(1):91-159. https://doi.org/10.1210/endrev/bnab016.
Nordenstrom A, Falhammar H. MANAGEMENT OF ENDOCRINE DISEASE:
Diagnosis and management of the patient with non-classic CAH due to
21-hydroxylase deficiency. Eur J Endocrinol. 2019;180(3):R127-45. https://
doi.org/10.1530/EJE-18-0712.

Gidlof S, Falhammar H, Thilén A, von Débeln U, Ritzén M, Wedell A, et al.
One hundred years of congenital adrenal hyperplasia in Sweden: a ret-
rospective, population-based cohort study. Lancet Diabetes Endocrinol.
2013;1(1):35-42. https://doi.org/10.1016/52213-8587(13)70007-X.
Nordenstrom A, Lajic S, Falhammar H. Clinical outcomes in 21-hydroxy-
lase deficiency. Curr Opin Endocrinol Diabetes Obes. 2021;28(3):318-24.
https://doi.org/10.1097/MED.0000000000000625.

Barreto TM, Botelho C, Soares JL, Andrade EM, Matos AV, Novato |. Car-
diovascular risk factors and increased carotid intima-media thickness in
young patients with congenital adrenal hyperplasia due to 21-hydroxy-
lase deficiency. Arch Endocrinol Metab Arch Endocrinol Metab.
2015;59(6):541-7. https://doi.org/10.1590/2359-3997000000119.
Subbarayan A, Dattani MT, Peters CJ, Hindmarsh PC. Cardiovascular risk
factors in children and adolescents with congenital adrenal hyperplasia
due to 21-hydroxylase deficiency. Clin Endocrinol. 2014,80:471-7. https://
doi.org/10.1111/cen.12265.

Ferndndez BJE, Barriuso AA, Chiang MT, Pereira A, Toros XH, Castillo HJA,
et al. The early atherogenic signal: a multinational study of 4934 children
and young people and 1278 autopsies. Rev Cubana Invest Bioméd.
2005;24(3). Disponible en: http://scielo.sld.cu/scielo.php?script=sci_artte
xt&pid=50864-03002005000300002&Ing=es&nrm=iso. Accessed 8 Oct
2023.

Torky A, Sinaii N, Jha S, Desai J, EI-Maouche D, Mallappa A, et al. Cardio-
vascular Disease Risk Factors and Metabolic Morbidity in a Longitudinal
Study of Congenital Adrenal Hyperplasia. J Clin Endocrinol Metab.
2021;106(12):e5247-57. https://doi.org/10.1210/clinem/dgab133.
Falhammar H, Filipsson H, Holmdah! G, Janson PO, Nordenskjold A,
Hagenfeldt K, et al. Metabolic profile and body composition in adult
women with congenital adrenal hyperplasia due to 21-hydroxylase
deficiency. J Clin Endocrinol Metab. 2007;92(1):110-6. https://doi.org/10.
1210/jc.2006-1350.

Falhammar H, Frisén L, Hirschberg AL, Norrby C, AiImqvist C, Nordenskjold
A et al. Increased Cardiovascular and Metabolic Morbidity in Patients
With 21-Hydroxylase Deficiency: A Swedish Population-Based National
Cohort Study. J Clin Endocrinol Metab. 2015;100(9):3520-8. https://doi.
0rg/10.1210/JC.2015-2093.

. Falhammar H, Claahsen-van der Grinten H, Reisch N, Slowikowska-Hilczer

J, Nordenstrém A, et al. Health status in 1040 adults with disorders of
sex development (DSD): a European multicenter study. Endocr Connect.
2018;7(3):466-78. https://doi.org/10.1530/EC-18-0031.

Gomes LG, Mendonca BB, Bachega T. Long-term cardio-metabolic out-
comes in patients with classical congenital adrenal hyperplasia: is the risk
real? Curr Opin Endocrinol Diabetes Obes. 2020;27:155-61. https://doi.
org/10.1097/MED.0000000000000545.

Falhammar H, Filipsson Nystrom H, Wedell A, Thorén M. Cardiovascu-

lar risk, metabolic profile, and body composition in adult males with
congenital adrenal hyperplasia due to 21-hydroxylase deficiency. Eur J
Endocrinol. 2011;164(2):285-93. https://doi.org/10.1530/EJE-10-0877.
Espinosa-Reyes T, Herndndez-Moreno J, Herndndez M, Dominguez-
Alonso E. Composicién corporal y factores relacionados en pacientes
con hiperplasia adrenal congénita. Revista Cubana de Endocrinologia.
2018;29(3). Disponible en: https://revendocrinologia.sld.cu/index.php/
endocrinologia/article/view/126. Accessed 8 Oct 2023.

Ponte Cl, Arocha |, Isea PJ, Gdmez MJR, Ablan F, Colén PJ, et al. lll National
Consensus for the management of patients with dyslipidemia. Cardiol
Advances. 2014;34(Suppl2):536-43.

Lima MM, Balladares N, Torres C, Guerra E, Contreras MA. Medicion eco-
cardiografica de la grasa epicardica. Imagen Diagn. 2011;2(1):23-6.
Espinosa Reyes TM, Collazo Mesa T, Lantigua Cruz PA, Agramonte
Machado A, Dominguez Alonso E, Falhammar H. Molecular diagnosis

of patients with congenital adrenal hyperplasia due to 21-hydroxylase
deficiency. BMC Endocr Disord. 2020;20(1):165. https://doi.org/10.1186/
$12902-020-00643-z.

Cuban authors. Pediatrics. Vol. VI. Havana: Editorial Ciencias Médicas;
2011.p. 2503-8.


https://doi.org/10.1210/endrev/bnab016
https://doi.org/10.1530/EJE-18-0712
https://doi.org/10.1530/EJE-18-0712
https://doi.org/10.1016/S2213-8587(13)70007-X
https://doi.org/10.1097/MED.0000000000000625
https://doi.org/10.1590/2359-3997000000119
https://doi.org/10.1111/cen.12265
https://doi.org/10.1111/cen.12265
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-03002005000300002&lng=es&nrm=iso
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-03002005000300002&lng=es&nrm=iso
https://doi.org/10.1210/clinem/dgab133
https://doi.org/10.1210/jc.2006-1350
https://doi.org/10.1210/jc.2006-1350
https://doi.org/10.1210/JC.2015-2093
https://doi.org/10.1210/JC.2015-2093
https://doi.org/10.1530/EC-18-0031
https://doi.org/10.1097/MED.0000000000000545
https://doi.org/10.1097/MED.0000000000000545
https://doi.org/10.1530/EJE-10-0877
https://revendocrinologia.sld.cu/index.php/endocrinologia/article/view/126
https://revendocrinologia.sld.cu/index.php/endocrinologia/article/view/126
https://doi.org/10.1186/s12902-020-00643-z
https://doi.org/10.1186/s12902-020-00643-z

Espinosa Reyes et al. BMC Endocrine Disorders (2023) 23:241

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

Comision Nacional Técnica Asesora del Programa de Hipertension
Arterial. Hipertension arterial. Guia para la prevencion, diagnostico y
tratamiento. La Habana: Editorial Ciencias Médicas; 2008.

Jellinger PS, Handelsman Y, Rosenbilit PD, Bloomgarden ZT, Fonseca VA,
Garber AJ, et al. American Association of Clinical Endocrinologists and
American College of Endocrinology Guidelines for Management of Dys-
lipidemia and Prevention of Atherosclerosis. Endocr Pract. 2017;23(Suppl
2):1-87. https://doi.org/10.4158/EP171764.APPGL.

Lépez MI, Juncal 1), Martinez de Saavedra MT, Déniz C, Lépez JA, Chirino
GR, Sénchez GF. Utilidad del indice aterogénico en la prediccién de
enfermedad coronaria prematura. Clin Invest Arterioscl. 2007;19(3):136—
42. https://doi.org/10.1016/50214-9168(07)74187-6.

Bertaso AG, Bertol D, Duncan BB, Foppa M. Epicardial fat:definition, meas-
urements and systematic review of main outcomes. Arq Bras Cardiol.
2013;101:e18-28. https://doi.org/10.5935/abc.20130138.

Doyon A, Kracht D, Bayazit AK, Deveci M, Duzova A, Krmar RT, et al.
Carotid Artery Intima-Media Thickness and Distensibility in Children and
Adolescents: reference values and role of body dimensions. Hyperten-
sion. 2013;62:550-6. https://doi.org/10.1161/HYPERTENSIONAHA.113.
01297.

Tzou WS, Douglas PS, Srinivasan SR, Bond MG, Tang R, Chen W, et al.
Distribution and predictors of carotid artery intima-media thickness in
young adults: the Bogalusa Heart Study. PrevCardiol. 2007;10:181-9.
https://doi.org/10.1111/j.1520-037x.2007.06450.x.

Corretti MC, Anderson TJ, Benjamin EJ. Guidelines for the ultrasound
assessment of endothelial-dependent flow-mediated vasodilation of the
brachial artery. A report of the International Brachial Artery Reactivity
Task Force. JACC. 2002;39:257-65. https://doi.org/10.1016/s0735-1097(01)
01746-6.

Tamhane S, Rodriguez-Gutierrez R, Igbal AM, Prokop LJ, Bancos |, Speiser
PW, Murad MH. Cardiovascular and Metabolic Outcomes in Congenital
Adrenal Hyperplasia: A Systematic Review and Meta-Analysis. J Clin
Endocrinol Metab. 2018;103(11):4097-103. https://doi.org/10.1210/jc.
2018-01862.

Mooij CF, van Herwaarden AE, Sweep FCGJ, Roeleveld N, de Korte CL,
Kapusta L, et al. Cardiovascular and metabolic risk in pediatric patients
with congenital adrenal hyperplasia due to 21 hydroxylase deficiency.

J PediatrEndocrinolMetab. 2017;30(9):957-66. https://doi.org/10.3389/
fendo.2022.848274.

Flammer AJ, Anderson T, Celermajer DS, Creager MA, Deanfild J, et al. The
assessment of endothelial function: from research into clinical practice.
Circulation. 2012;126:753-67. https://doi.org/10.1161/CIRCULATIONAHA.
112.093245.

Dalla Pozza R, Ehringer-Schetitska D, Fritsch P, Jokinen E, Petropoulos A,
Oberhoffer R, et al. Intima media thickness measurement in children: A
statement from the Association for European Pediatric Cardiology [AEPC]
- Working Group on Cardiovascular Prevention endorsed by the Associa-
tion for - European Pediatric Cardiology. Atherosclerosis. 2015;238(2):380—
7. https://doi.org/10.1016/j.atherosclerosis.2014.12.029.

Improda N, Barbieri F, Ciccarelli GP, Capalbo D, Salerno M. Cardiovascular
Health in Children and Adolescents with Congenital Adrenal Hyper-
plasia Due to 21-Hydroxilase Deficiency. Front Endocrinol [Lausanne].
2019;10:212. https://doi.org/10.3389/fendo.2019.00212.

Mnif MF, Kamoun M, Mnif F, Charfi N, Naceur BB, Kallel N, et al. Metabolic
profile and cardiovascular risk factors in adult patients with congenital
adrenal hyperplasia due to 21-hydroxylase deficiency. Indian J Endo-
crinolMetab. 2012;16(6):939-46. https://doi.org/10.4103/2230-8210.
102995.0.3389/fend0.2019.00212.

Abdelghaffar S, Esmail R, Abdelaziz U. Abuzaid H Children with Classical
Congenital Adrenal Hyperplasia Due to 21-Hydroxylase Deficiency: An
Egyptian Experience. EndocrinolMetabSynd. 2015;4(3):188. https://doi.
org/104172/2161-1017.1000188.

Kim MS, Dao-Tran A, Davidowitz E, Tseng T, Gilsanz V, Ryabets-Lienhard

A, et al. Carotid Intima-Media Thickness Is Associated with Increased
Androgens in Adolescents and Young Adults with Classical Congenital
Adrenal Hyperplasia. Horm Res Paediatr. 2016;85(4):242-9. https://doi.
0rg/10.1159/000444169.

Nordenstrom A, Lajic S, Falhammar H. Long-Term Outcomes of Congeni-
tal Adrenal Hyperplasia. Endocrinol Metab. 2022;37(4):587-98. https://doi.
org/10.3803/EnM.2022.1528.

Page 9 of 9

35. Ariyawatkul K, Tepmongkol S, Aroonparkmongkol S, Sahakitrungruang
T. Cardio-metabolic risk factors in youth with classical 21-hydroxylase
deficiency. Eur J Pediatr. 2017;176(4):537-45. https:;//doi.org/10.1007/
s00431-017-2875-2.

36. Kim MS, Ryabets-Lienhard A, Dao-Tran A, Mittelman SD, Gilsanz V,
Schrager SM, et al. Increased Abdominal Adiposity in Adolescents and
Young Adults With Classical Congenital Adrenal Hyperplasia due to
21-Hydroxylase Deficiency. J Clin Endocrinol Metab. 2015;100(8):E1153-9.
https://doi.org/10.1210/jc.2014-4033.

37. Macut D, Zdravkovic¢ V, Bjeki¢-Macut J, Mastorakos G, Pignatelli D.
Metabolic Perspectives for Non-classical Congenital Adrenal Hyperplasia
With Relation to the Classical Form of the Disease. Front Endocrinol
(Lausanne). 2019;10:681. https://doi.org/10.3389/fendo.2019.00681.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.4158/EP171764.APPGL
https://doi.org/10.1016/S0214-9168(07)74187-6
https://doi.org/10.5935/abc.20130138
https://doi.org/10.1161/HYPERTENSIONAHA.113.01297
https://doi.org/10.1161/HYPERTENSIONAHA.113.01297
https://doi.org/10.1111/j.1520-037x.2007.06450.x
https://doi.org/10.1016/s0735-1097(01)01746-6
https://doi.org/10.1016/s0735-1097(01)01746-6
https://doi.org/10.1210/jc.2018-01862
https://doi.org/10.1210/jc.2018-01862
https://doi.org/10.3389/fendo.2022.848274
https://doi.org/10.3389/fendo.2022.848274
https://doi.org/10.1161/CIRCULATIONAHA.112.093245
https://doi.org/10.1161/CIRCULATIONAHA.112.093245
https://doi.org/10.1016/j.atherosclerosis.2014.12.029
https://doi.org/10.3389/fendo.2019.00212
https://doi.org/10.4103/2230-8210.102995.0.3389/fendo.2019.00212
https://doi.org/10.4103/2230-8210.102995.0.3389/fendo.2019.00212
https://doi.org/10.4172/2161-1017.1000188
https://doi.org/10.4172/2161-1017.1000188
https://doi.org/10.1159/000444169
https://doi.org/10.1159/000444169
https://doi.org/10.3803/EnM.2022.1528
https://doi.org/10.3803/EnM.2022.1528
https://doi.org/10.1007/s00431-017-2875-2
https://doi.org/10.1007/s00431-017-2875-2
https://doi.org/10.1210/jc.2014-4033
https://doi.org/10.3389/fendo.2019.00681

	Cardiovascular risk in Cuban adolescents and young adults with congenital adrenal hyperplasia
	Abstract 
	Background 
	Objectives 
	Material and methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


