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Classic congenital adrenal hyperplasia with 21-Hydroxylase defect (CAH) is caused by mutations in the active 21-Hydroxylase gene 
(CYP21A2). Two forms, one form with salt loss and one without salt loss, characterize classic CAH clinically. CAH is a life-long 
chronic disease, requiring adequate therapy with glucocorticoids. Precision in substitution therapy is very important since both under 
and overdosing can result in harmful side effects. Chronic underdosing can lead to hyperandrogenemia, which usually necessitates 
an increase in the glucocorticoid dose. Hyperandrogenemia and hypercortisolism are associated with long-term complications. 
Overweight CAH patients demonstrate insulin resistance, reduced insulin sensitivity and impaired glucose tolerance [1,2]. Arterial 
hypertension and insulin resistance have been described in children and adolescents with CAH co-morbidities such as overweight/
obesity [2-5]. These co-morbidities contribute to an increased cardiovascular risk profile in adults with CAH [6].
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Background: Cardiovascular risk factors such as obesity, insulin resistance, and hypertension are common in children and adolescents 
with classic congenital adrenal hyperplasia due to 21-hydroxylase deficiency (CAH), whereas data ondyslipidemia is inconsistent.

Objective: To investigate lipid profiles in children with CAH.

Patients and Methods: We studied 43 CAH patients (24 females, 19 males) aged 6.9 to 17.9 years. Diagnosis was confirmed by genetic 
tests in all subjects. Blood was taken during a routine follow-up visit from all patients between 8-9 am after a 12-hour overnight fasting 
period. Plasma concentrations (mg/dL) of total cholesterol (TC), HDL-cholesterol, and triglycerides (TG) were measured, and the levels 
of LDL-cholesterol and non-HDL-cholesterol were calculated. The data was collected with the approval of the ethics committee of the 
University Hospital of Erlangen. The threshold values of increased lipid concentrations were taken from the current Guideline of the 
German Working Group for Pediatric Disorders of Metabolism (AWMF-Registry No.: 027-068). The quality of therapy control was 
evaluated through the 24 h-urinary excretion of pregnanetriol and pregnanetriolone.

Results (Mean ± SD): The concentration of TC was 178.7 ± 35, TG 74.4 ± 34.1, HDL-cholesterol 64.7 ± 13.5, LDL-cholesterol 98.9 ± 29.3 
and non-HDL-cholesterol 114.2 ± 32.2. The ratio of TG/HDL was 1.25 ± 0.79. Compared with data from a reference population, TC and 
non-HDL-cholesterol levels were elevated in 8 patients (18.6 %), TG in 4 (9.3 %), LDL-cholesterol in 6 (13.9 %), and the TG/HDL-ratio in 
5 patients (11.6 %). In all patients, HDL-cholesterol concentrations were in the normal range. We found no differences between boys and 
girls, and between clinical forms or genotype. The lipid profile was not correlated to body weight or the hydrocortisone equivalent dose. 
Patients with good therapy control had even higher lipid values than patients who were badly controlled.

Conclusion: Dyslipidemia was found in a fraction of our CAH patients. The prevalence rate of elevated TC levels was markedly higher 
than in reference populations. Our data reflect the situation at only one follow-up visit. We have no data documenting dyslipidemia in 
CAH children over a longer period. We recommend regular assessment of lipid profiles in patients with CAH.

Abbreviations: CYP21A2: Cytochrome P450 Family 21 Subfamily A Member 2; CAH: Congenital adrenal hyperplasia; BMI: Body mass 
index; SDS: Standard deviation score; TC: total cholesterol; DDL-C: HDL-cholesterol; TG: triglycerides; LDL-C: LDL-cholesterol; non-
HDL-C: non-HDL-cholesterol 17-OHP: 17-Hydroxyprogesterone; CA: chronological age; BA: bone age; ANOVA: Analysis of variance
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Dyslipidemia which occurs in childhood and adolescence is also a relevant risk factor for cardiovascular disease [7]. Data on 
dyslipidemia in children with CAH are inconsistent. Both normal lipid profiles [8] as well as hyperlipidemia [9] have been reported 
in CAH children. However, in adolescents and young adults with CAH, an increased intima media thickness of the carotid arteries 
as a marker for atherosclerosis has been reported [10,11]. In one study, intima media thickness correlated positively with the 
triglyceride concentrations and the triglyceride/HDL ratio [12].

The primary aim of this study was to investigate the lipid profile in pediatric patients with classic CAH who were followed regularly 
in the outpatient department of our hospital. We analyzed also possible relationships between the lipid concentrations and the 
genotype, sex, weight, steroid dosage and quality of disease control. The secondary aim was to compare our data with results in the 
literature and to assess the clinical necessity of regular lipid measurements.

Forty-three CAH patients (24 females, 19 males), aged 6.9 to 17.9 years (median: 13.6 years) were enrolled in the study. All patients 
had classic CAH, 37 with the salt-wasting form and six with the simple virilising form. Diagnosis was confirmed in all subjects 
through genetic tests. The mutations which result in classic CAH are classified internationally according to the residual activity of 
21-hydroxylase in the mutation groups Null, A, and B. There were 18 patients in mutation group Null, 16 patients in group A and 9 
patients in group B. The patients were examined every 4-6 months in the children and adolescents endocrinology outpatients’ clinic 
of the University Hospital Erlangen. With the exception of the primary disease, they were all healthy. No additional chronic dis-
eases, and in particular no lipometabolic disorders were known in the families (42 German, 1 Turkish). The substitution therapy 
consisted of hydrocortisone (72.1 %), prednisolone (18.6 %) or dexamethasone (9.3 %). The hydrocortisone was administered 
by t.i.d. dosing (50 % in the morning and 25% each at midday and in the evening). 93 % of the patients received fludrocortisone 
therapy (Table 1). The prednisolone and dexamethasone doses were converted to hydrocortisone equivalent doses (prednisolone 
x 4, dexamethasone x 30).

The data was collected over a 4-month period during check-ups in the out-patient’s clinic. The patients attended between 8 and 
9 o’clock in the morning after fasting for 12 hours, whereby 93 % of patients had already taken their morning glucocorticoid 
dose. At presentation, patients brought along a 24-hour urine sample collected at home. Blood samples were taken with a venous 
indwelling cannula; the serum/plasma was frozen at -20º C until it was analyzed. The ethics committee of the medical faculty of the 
University of Erlangen approved the study (No: 4014). The parents provided written consent. Since well-documented normative 
values for healthy children were available, we had no permission to study a control group of healthy children and adolescents. 
Anthropometric data were expressed as standard deviation scores (SDS) using the reference data of Kromeyer-Hauschild, et al. 
[13]. Puberty was assessed according to Marshall and Tanner [14,15].

Plasma concentrations of total cholesterol (TG), HDL-cholesterol (HDL-C) and triglycerides (TG) were measured using a Cobas 
c501 Clinical Chemistry analyser (Roche, Germany). The concentrations of LDL-cholesterol (LDL-C) and non-HDL-cholesterol 
(non-HDL-C) were calculated: LDL-C= TG minus HDL-C minus (tri-glycerides x 0.2); non-HDL-C = TG minus HDL-C. Adverse 
lipid concentrations were defined as follows: Total cholesterol (TC) concentration ≥ 200 mg/dL; HDL-C concentration < 40 mg/dL; 
LDL-C concentration ≥ 130 mg/dl, and non-HDL-C con-centration of ≥ 145 mg/dL. To convert TC, HDL-C, and non-HDL-C to 
mmol/L, multiply by 0.0259 [16,17]. The ratio of LDL cholesterol to HDL cholesterol (LDL/HDL-ratio) was calculated in order to 
assess the risk of arteriosclerosis. The risk is considered to be increased in values > 3.5. A ratio of triglyceride to HDL cholesterol 
(TG/HDL ratio) of ≥ 2 was judged to be pathological [18].

Patients and Methods
Patients

Study Design

Biochemical Data

Table 1: Clinical data of patients with classic CAH; Mean ± SD (Min~– Max.)

Male Female Total

N 19 24 43

Age [years] 12.6 ± 3.0
(7.7 – 17.9)

13.6 ± 3.3
(6.9 – 17.9)

13.2 ± 3.2
(6.9 – 17.9)

Height-SDS 0.1 ± 1.3
(-2.3 – 3.1)

-0.9 ± 1.2
(-3.5 – 1.5)

0.5 ± 1.3
(-3.5 – 3.1)

BMI-SDS 0.94 ± 1.42
(-2.15 – 3.13)

0.64 ± 1.16
(-1.17 – 3.36)

0.79 ± 1.29
(-2.15 – 3.36)

Hydrocortisone equivalent dose (mg/m2) 14.4 ± 5.1
(3.8 – 25.0)

15.9 ± 4.3
(7.5 – 23.5)

15.2 ± 4.7
(3.8 – 25.0)

Fludrocortisone (µg/m2) 47.7 ± 12.3
(26.3 – 62.5)

42.8 ± 17.8
(16.7 – 89.3)

45.0 ± 15.6
(16.7 – 98.3)
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Results

The hormones 17-hydroxyprogesterone, androstenedione and testosterone were measured by liquid chromatography tandem 
mass spectrometry, and the urine steroids were measured by gas chromatography mass spectrometry in the laboratory in the 
children’s hospital. Quality of therapy was monitored through biochemical checks on the concentration of pregnanetriol and 
pregnanetriolone in the 24-hour urine sample.

All statistical analyses were performed using SPSS 21.0 software (IBM Inc., USA). Normality of the sample was examined by the 
Shapiro-Wilk test. Normally distributed data are expressed as mean and SD. Mean data were compared between groups using 
Student’s t-test or Mann-Whitney-U-Test. Differences in biochemical variables between the different mutation groups were analyzed 
using one-way ANOVA, followed by the post hoc comparisons using Tukey’s test. Linear regression analyses were performed to 
explore relationships between BMI-SDS and steroid doses. Statistical significance was considered with a 2-sided P value of < 0.05.

The patients were 13.2 ± 3.2 years old. The height SDS was -0.5 ± 1.3 and the BMI-SDS was 0.79 ± 1.29 (Table 1). BMI in 9 patients 
(20.9 %) (5 m, 4 w) was > 2 SDS. Nine patients were prepubertal, 15 were pubertal, and in 19 patients, puberty was completed. 
The daily hydrocortisone equivalent dose was 15.2 ± 4.7 mg/m2 BSA and the fludrocortisone dose was 45.0 ± 15.6 µg/m2 BSA. No 
significant differences were seen between sexes.

According to the urinary steroid hormone concentrations, we assigned 30 patients as well-controlled, and 13 patients as poorly 
controlled. In the well-controlled patients the urinary concentration of pregnanetriol was 1.92 ± 1.40 mg/d (min. – max.: 0.37-
4.7) and pregnanetriolone was 0.63 ± 0.47 mg/d (0.16 – 1.6). In the poorly controlled patients the concentration of pregnanetriol 
was 23.9 ± 33.8 mg/d (4.0-127) and pregnanetriolone was 4.99 ± 6.03 mg/d (0.55-20.7). The serum concentrations of 17OHP, 
androstenedione and testosterone were significantly elevated in the patients where therapy was poorly controlled (Table 2).

Hormones 

Lipids 

Clinical Data (Mean ± SD) 

Laboratory Data (Mean ± SD) 

Statistics

Table 2: Serum steroid concentrations in CAH patients in relation to disease control*; Mean ± SD (Median)
* assessed according to the excretion of pregnanetriole and pregnanetriolone (24-hour urine samples)
** testosterone (girls)
conversion factors to SI: 17OH-progesterone ng/ml x 3 = nmol/L; androstenedione ng/dl x 0.03 = nmol/L; 
testosterone ng/dl x 0.03 = nmol/L

Disease control*

“sufficient” 
(n=30)

"bad"
(n=13)

Level of 
significance

17-OHP (ng/ml) 6.1 ± 6.4
(4.4)

42.3 ± 39.3 
(45.0) P = 0.01

Androstenedione (ng/dl) 53 ± 35
(43)

205 ± 201
(147) P = 0.01

Testosterone** (ng/dl) (sufficient: n=16, bad: n=8) 15 ± 5
(12.5)

58 ± 52
(43) P = 0.03

Table 3: Lipid concentrations in CAH patients according to reported threshold values from the literature [17]
conversion factors to SI: Total Cholesterol, LDL-Cholesterol, non-HDL-Cholesterol, HDL-Cholesterol: mg/dl x 
0.0259 = mmol/l; Triglycerides mg/dl x 0.01 = mmol/l

Parameter Acceptable Borderline  Elevated

Total Cholesterol  < 170 mg/dl 170 - 199 mg/dl ≥ 200 mg/dl 

Patients N (%) 21 (48.8) 14 (32.6) 8 (18.6)

LDL-Cholesterol < 110 mg/dl 110 - 129 mg/dl ≥ 130 mg/dl 

N (%) 30 (69.8) 7 (16.3) 6 (13.9)

non-HDL-Cholesterol < 123 mg/dl 120 – 144 mg/dl ≥ 145 mg/dl

N (%) 30 (69.8) 6 (13.9) 7 (16.3)

HDL-Cholesterol > 45 mg/dl 35 – 45 mg/dl -

N (%) 41 (95.4) 2 (4.6) -

Triglycerides
Children

Adolescents
< 75 mg/dl
< 90 mg/dl

75 – 99 mg/dl
90 -129 mg/dl

≥ 100 mg/dl
≥ 130 mg/dl

 N (%) 33 (76.8) 6 (13.9) 4 (9.3)
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Discussion

Plasma concentration of total cholesterol was 178.7 ± 35 mg/dl, triglyceride concentration was 74.4 ± 34.1 mg/dl and HDL 
cholesterol concentration was 64.7 ± 13.5 mg/dl. The calculated concentrations of LDL- and non-HDL cholesterol were 98.9 ± 29.3 
mg/dl and 114.2 ± 32.2 mg/dl. The lipid concentrations did not differ between boys and girls. According to the standards in the S2k 
guidelines on diagnosis and therapy of hyperlipidemias in children and adolescents [17], 8 patients (18.6 %) had increased levels 
of total cholesterol and non-HDL cholesterol; in 4 patients (9.3 %) the TG level was increased and the LDL cholesterol level was 
raised in 6 patients (13.9 %) (Table 3). The concentrations of HDL cholesterol were > 45 mg/dl in 41 patients (95.4%); 2 patients 
had marginally low levels. The mean LDL/HDL ratio was 1.59 ± 0.66 (SD). The mean triglyceride/HDL ratio was 1.25 ± 0.79 (SD). 
In 5 patients (11.6 %) the TG/HDL ratio was increased > 2.

In patients in whom laboratory findings indicated poor therapy control, the concentrations of cholesterol, non-HDL and -LDL 
cholesterol were significantly lower (p<0.01) than in patients where therapy was well controlled (Table 4). In 3 boys (age: 14.9 
-17.9 years) the plasma concentrations in cholesterol, non-HDL cholesterol, LDL-cholesterol, triglyceride as well as the TG/HDL 
ratio were increased. Two of these patients were obese (BMI-SDS 2.5 and 3.1) and one had normal weight (BMI-SDS 0.12). No 
significant correlations were found between the lipid plasma concentrations and the variable genotypes, sex, BMI-SDS and the 
hydrocortisone equivalent doses.

Co-morbidities such as overweight/obesity, arterial hypertension and insulin resistance in children and adolescents with classic CAH 
have been related to an increased cardiovascular risk profile in adults [6,19]. Dyslipidemia is known to be a relevant cardiovascular risk 
factor [7,16,20]. Dyslipidemias are generally defined in terms of increased levels of cholesterol or triglycerides or lower HDL cholesterol 
levels in a circulating blood sample. Lipid levels in children and adolescents are assessed on the basis of age-related reference data from 
different populations without known abnormalities of lipid metabolism [21-23]. In adults with CAH both a normal [11,24,25] as well 
as and increased prevalence [26,27] for dyslipidemia was found. In a meta-analysis of 14 studies with 437 CAH patients aged from 14 
months to 63 years, no difference was found in the lipid concentrations compared with healthy controls [28].

Only a few studies of children and adolescents with CAH compare lipid profiles with data of healthy controls or with data derived 
from a healthy population. In the majority of CAH children, the lipid profile was normal and did not differ from controls [5,8,12,29-
31]. Neither total cholesterol nor triglyceride levels differed significantly; patients with classic CAH exhibited even higher levels 
of HDL cholesterol [5]. However, alterations in the lipid metabolism have been reported in small cohorts of children with CAH. 
Botero, et al. [32] found significantly elevated mean serum levels of triglycerides in 14 prepubertal Colombian children with CAH 
compared with a control group, and the percentage of elevated triglycerides > 1.0 mmol/L also differed statistically significantly 
from the controls [32]. Higher triglycerides were also found in a group of CAH patients from the UK [9], and higher small-dense 
low-density lipoprotein sub-fractions together with lower HDL-cholesterol concentrations were reported in a group of German 
CAH patients [33].

When categorizing lipid levels as low, borderline or elevated according to the National Cholesterol Education Program guidelines 
for children and adolescents [7], only 3.7 % of 27 CAH children had elevated total cholesterol, LDL-cholesterol, and triglycerides 
[34]. These results confirm recently published data by Vijayan, et al. [35] who used the same references. Total cholesterol was 
elevated in 5 %, LDL-cholesterol in 11 %, and triglycerides in 3 % of the 36 CAH patients studied [35]. The prevalence of lower 
HDL-cholesterol levels of 22 % in CAH patients from India was markedly higher than that of 3.7 % in Dutch patients [34].

Table 4: Lipid plasma concentrations (mg/dl) and lipid ratios in patients with classic 
CAH in relation to disease control; Mean ± SD (Median)
Conversion factors to SI: Total Cholesterol, LDL-Cholesterol, non-HDL-Cholesterol, 
HDL-Cholesterol: mg/dl x 0.0259 = mmol/l; Triglycerides mg/dl x 0.01 = mmol/l

Total Disease Control

N = 43 “sufficient” (n=30) “bad” (n=13)

Total Cholesterol 178.7 ± 35.0
(171.0)

187.3 ± 36.5
(182)

157.3 ± 18.7
(152)

LDL-Cholesterol 98.9 ± 29.3
(91.6)

107.7 ± 29.9
(97.9)

79.9 ± 16.7
(76.9)

non-HDL-
Cholesterol

114.2 ± 32.3
(103.2)

122.1 ± 33.7
(110.1)

95.8 ± 19.4
(91.0)

HDL-Cholesterol 64.7 ± 13.5
(63.7)

65.5 ± 14.5
(64.1)

62.8 ± 11.1
(61.3)

Triglycerides (TG) 74.9 ± 33.9
(64.0)

75.9 ± 37.8
(62.5)

72.6 ± 23.6
(65.0)

LDL/HDL-Ratio 1.59 ± 0.61
(1.48)

1.71 ± 0.63
(1.66)

1.32 ± 0.42
(1.15)

TG/HDL-Ratio 1.25 ± 0.79
(0.98)

1.25 ± 0.86
(0.98)

1.23 ± 0.62
(0.96)
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The prevalence rate of dyslipidemia found in CAH children has to be compared with prevalence rates of healthy children. Data from 
the National Health and Nutrition Examination Survey (NHANES) showed in 2011-2012 that 7.8 % of youths aged 8 to 17 years had 
adverse total cholesterol, 12.8 % had an adverse HDL-C, and 8.4 % had an adverse non-HDL-C concentration [36]. The prevalence 
rate of dyslipidemia was 11.1% in children from China [37], and an adverse total cholesterol was found in 10.2 % of the German boys 
aged 10 to 13 years studied in KiGGS, the German Health Interview and Examination Survey for Children and Adolescents [23].

In our cohort, 18.6 % of the CAH patients had elevated total cholesterol concentrations. This value was markedly higher than the 
reported prevalence rate for CAH patients and even higher than the prevalence rate of healthy children. In addition, triglycerides 
in CAH patients were also higher in our cohort than the values reported in the literature (9.3 % vs. 3 to 3.7 %) but comparable to 
data in the NHANES study [21]. Our results of normal HDL-cholesterol concentrations in CAH patients both confirm [5] and 
contradict other results [33,35]. When assessing the cardiovascular risk with parameters such as non-HDL-cholesterol [38] or by 
the ratio of LDL-cholesterol to HDL-cholesterol, we found that 16.3 % had elevated non-HDL-cholesterol concentrations, whereas 
the LDL/HDL-ratio was in an uncritical range [39].

Dyslipidemia has be discussed as a possible consequence of increased body fat [40]. In our cohort, 20.9 % were obese (BMI 
SDS >2), but we found no correlation between BMI and lipid levels which is in line with previously reported results from the 
UK [9]. However, a positive correlation between fasting lipids and visceral abdominal adiposity determined by CT imaging was 
reported in a group of CAH patients [41]. In an epidemiological Swedish registry study, an increased rate of dyslipidemia was 
found particularly in male CAH patients with a null genotype [19]. Our data do not confirm this result. Surprisingly, CAH patients 
with a sufficient metabolic control showed a relatively adverse lipid profile. This is in contrast to the data of Mooiji, et al. [34] who 
found that cholesterol and triglyceride levels were not associated with therapy control [34].

In summary, some of our CAH patients exhibited abnormalities in lipid metabolism, with two adolescents already fulfilling the 
criteria of a metabolic syndrome. The strength of this study is that the data presented is derived from a single center, using a 
consistent, relatively homogenous treatment approach in a decently sized pediatric CAH cohort. However, our study has several 
limitations. Our data reflect the situation at only one follow-up visit; we have no data documenting dyslipidemia in CAH children 
over a longer period. We therefore recommend regular longitudinal assessment of lipid profiles in CAH patients. Moreover, 
the prevalence of co-morbidities such as obesity and hypertension might lead to an increase in the percentage of children and 
adolescents with CAH who qualify for lipid screening. Patients with recurring abnormalities should be adequately treated according 
to current guidelines [17]. Further studies are needed to better address the potential association of dyslipidemia and atherosclerosis 
in children and young adults with CAH.
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Acknowledgements

References
1. Improda N, Barbieri F, Ciccarelli GP, Capalbo D, Salerno M (2019) Cardiovascular Health in Children and Adolescents With Congenital Adrenal Hyperplasia 
Due to 21-Hydroxilase Deficiency. Frontiers in Endocrinol 10: 212.

3. Charmandari E, Chrousos GP (2006) Metabolic syndrome manifestations in classic congenital adrenal hyperplasia: do they predispose to atherosclerotic 
cardiovascular disease and secondary polycystic ovary syndrome? Ann N Y Acad Sci 1083: 37-53.

2. Mooij CF, Webb EA, Claahsen van der Grinten HL, Krone N (2017) Cardiovascular health, growth and gonadal function in children and adolescents with 
congenital adrenal hyperplasia. Arch Dis Child 102: 578-84.

5. Williams RM, Deeb A, Ong KK, P R Murgatroyd, I A Hughes, et al. (2010) Insulin sensitivity and body composition in children with classical and nonclassical 
congenital adrenal hyperplasia. Clin Endocrinol (Oxf) 72: 155-60.

4. Volkl TM, Simm D, Dotsch J, Rascher W, Dorr HG (2006) Altered 24-hour blood pressure profiles in children and adolescents with classical congenital adrenal 
hyperplasia due to 21-hydroxylase deficiency. J Clin Endocrinol Metab 91: 4888-95.

7. Daniels SR, Greer FR (2008) Lipid screening and cardiovascular health in childhood. Pediatrics 122: 198-208.
6. Han TS, Walker BR, Arlt W, Ross RR (2014) Treatment and health outcomes in adults with congenital adrenal hyperplasia. Nat Rev Endocrinol 10: 115-24.

8. Amr NH, Ahmed AY, Ibrahim YA (2014) Carotid intima media thickness and other cardiovascular risk factors in children with congenital adrenal hyperplasia. 
J Endocrinol Invest 37: 1001-8.
9. Subbarayan A, Dattani MT, Peters CJ, Hindmarsh PC (2014) Cardiovascular risk factors in children and adolescents with congenital adrenal hyperplasia due to 
21-hydroxylase deficiency. Clin Endocrinol (Oxf) 80: 471-7.
10. Harrington J, Pena AS, Gent R, Hirte C, Couper J (2012) Adolescents with congenital adrenal hyperplasia because of 21-hydroxylase deficiency have vascular 
dysfunction. Clin Endocrinol (Oxf) 76: 837-42.
11. Sartorato P, Zulian E, Benedini S, B Mariniello, F Schiavi, et al. (2007) Cardiovascular risk factors and ultrasound evaluation of intima-media thickness at 
common carotids, carotid bulbs, and femoral and abdominal aorta arteries in patients with classic congenital adrenal hyperplasia due to 21-hydroxylase deficiency. 
J Clin Endocrinol Metab 92: 1015-8.
12. Wasniewska M, Balsamo A, Valenzise M, G Faggioli, S Bombaci, et al. (2013) Increased large artery intima media thickness in adolescents with either classical 
or non-classical congenital adrenal hyperplasia. J Endocrinol Invest 36: 12-5.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6470198/
https://pubmed.ncbi.nlm.nih.gov/17148732/
https://adc.bmj.com/content/102/6/578
https://pubmed.ncbi.nlm.nih.gov/19508608/
https://pubmed.ncbi.nlm.nih.gov/17003094/
https://pediatrics.aappublications.org/content/122/1/198
https://pubmed.ncbi.nlm.nih.gov/24342885/
https://pubmed.ncbi.nlm.nih.gov/25112902/
https://pubmed.ncbi.nlm.nih.gov/23751160/
https://pubmed.ncbi.nlm.nih.gov/22145701/
https://pubmed.ncbi.nlm.nih.gov/17200174/
https://pubmed.ncbi.nlm.nih.gov/22189488/


13. Kromeyer-Hauschild K, Wabitsch M, Kunze D, F Geller, HC Geibb, et al. (2001) Perzentile für den Body-mass-Index für das Kindes- und Jugendalter unter 
Heranziehung verschiedener deutscher Stichproben Percentiles of body mass index in children and adolescents evaluated from different regional German studies. 
Monatsschr Kinderheilkd 149: 807-18.

15. Marshall WA, Tanner JM (1970) Variations in pattern of pubertal changes in boys. Arch Dis Child 45: 13-23.
14. Marshall WA, Tanner JM (1969) Variations in pattern of pubertal changes in girls. Arch Dis Child 44: 291-303.

17. (2015) AWMF. S2k guidelines for the diagnosis and treatment of hyperlipidemia in children and adolescents. (S2k-Leitlinien zur Diagnostik und Therapie von 
Hyperlipidämien bei Kindern und Jugendlichen).

16. (2011) Expert panel on integrated guidelines for cardiovascular health and risk reduction in children and adolescents. Summary report. Pediatrics 128: S213-56.

19. Falhammar H, Frisén L, Hirschberg AL, Norrby C, Almqvist C, et al. (2015) Increased Cardiovascular and Metabolic Morbidity in Patients With 21-Hydroxylase 
Deficiency: A Swedish Population-Based National Cohort Study. J Clin Endocrinol Metab 100: 3520-28.

18. Di Bonito P, Moio N, Scilla C, Cavuto L, Sibilio G, et al. (2012) Usefulness of the high triglyceride-to-HDL cholesterol ratio to identify cardiometabolic risk factors 
and preclinical signs of organ damage in outpatient children. Diabetes Care 35: 158-62.

20. Magnussen CG, Venn A, Thomson R, Juonala M, SR Srinivasan, et al. (2009) The association of pediatric low- and high-density lipoprotein cholesterol 
dyslipidemia classifications and change in dyslipidemia status with carotid intima-media thickness in adulthood evidence from the cardiovascular risk in Young 
Finns study, the Bogalusa Heart study, and the CDAH (Childhood Determinants of Adult Health) study. J Am Coll Cardiol 53: 860-9.
21. Jolliffe CJ, Janssen I (2006) Distribution of lipoproteins by age and gender in adolescents. Circulation 114: 1056-62.
22. (1992) National Cholesterol Education Program. American Academy of Pediatrics. National Cholesterol Education Program: Report of the Expert Panel on 
Blood Cholesterol Levels in Children and Adolescents. Pediatrics 89: 525-84.
23. Schienkiewitz A, Truthmann J, Ernert A, Wiegand S, Schwab KO, et al. (2019) Age, maturation and serum lipid parameters: findings from the German Health 
Survey for Children and Adolescents. BMC public health 19: 1627.
24. Falhammar H, Filipsson H, Holmdahl G, Janson PO, Nordenskjold A, et al. (2007) Metabolic profile and body composition in adult women with congenital 
adrenal hyperplasia due to 21-hydroxylase deficiency. J Clin Endocrinol Metab 92: 110-6.
25. Falhammar H, Filipsson Nystrom H, Wedell A, Thoren M (2011) Cardiovascular risk, metabolic profile, and body composition in adult males with congenital 
adrenal hyperplasia due to 21-hydroxylase deficiency. Eur J Endocrinol 164: 285-93.
26. Finkielstain GP, Kim MS, Sinaii N, Nishitani M, Van Ryzin C, et al. (2012) Clinical characteristics of a cohort of 244 patients with congenital adrenal hyperplasia. 
J Clin Endocrinol Metab 97: 4429-38.
27. Arlt W, Willis DS, Wild SH, Krone N, Doherty EJ, et al. (2010) Health Status of Adults with Congenital Adrenal Hyperplasia: A Cohort Study of 203 Patients. J 
Clin Endocrinol Metab 95: 5110-21.
28. Tamhane S, Rodriguez-Gutierrez R, Iqbal AM, Prokop LJ, Bancos I, et al. (2018) Cardiovascular and Metabolic Outcomes in Congenital Adrenal Hyperplasia: 
A Systematic Review and Meta-analysis. J Clin Endocrinol Metab 103: 4097-103.
29. Marra AM, Improda N, Capalbo D, Salzano A, Arcopinto M, et al. (2015) Cardiovascular abnormalities and impaired exercise performance in adolescents with 
congenital adrenal hyperplasia. J Clin Endocrinol Metab 100: 644-52.
30. Akyurek N, Atabek ME, Eklioglu BS, Alp H (2015) Ambulatory blood pressure and subclinical cardiovascular disease in patients with congenital adrenal 
hyperplasia: a preliminary report. J Clin Res Pediatr Endocrinol 7: 13-8.
31. Rodrigues TM, Barra CB, Santos JL, Andrade Goulart EM, Matos Ferreira AV, et al. (2015) Cardiovascular risk factors and increased carotid intima-media 
thickness in young patients with congenital adrenal hyperplasia due to 21-hydroxylase deficiency. Arch Endocrinol Metabol 59: 541-7.
32. Botero D, Arango A, Danon M, Lifshitz F (2000) Lipid profile in congenital adrenal hyperplasia. Metabolism 49: 790-3.
33. Zimmermann A, Grigorescu-Sido P, Alkhzouz C, Patberg K, Bucerzan S, et al. (2010) Alterations in Lipid and Carbohydrate Metabolism in Patients with Classic 
Congenital Adrenal Hyperplasia due to 21-Hydroxylase Deficiency. Horm Res Paediatr 74: 41-9.
34. Mooij CF, van Herwaarden AE, Sweep F, Roeleveld N, de Korte CL, et al. (2017) Cardiovascular and metabolic risk in pediatric patients with congenital adrenal 
hyperplasia due to 21 hydroxylase deficiency. J Pediatr Endocrinol Metab 30: 957-66.
35. Vijayan R, Bhavani N, Pavithran PV, Nair V, Menon UV, et al. (2019) Metabolic profile, cardiovascular risk factors and health-related quality of life in children, 
adolescents and young adults with congenital adrenal hyperplasia. J Pediatr Endocrinol Metab 32: 871-7.
36. Kit BK, Kuklina E, Carroll MD, Ostchega Y, Freedman DS, et al. (2015) Prevalence of and trends in dyslipidemia and blood pressure among US children and 
adolescents, 1999-2012. JAMA Pediatr 169: 272-9.
37. Liao Y, Liu Y, Mi J, Tang C, Du J (2008) Risk factors for dyslipidemia in Chinese children. Acta Paediatr 97: 1449-53.
38. Frontini MG, Srinivasan SR, Xu J, Tang R, Bond MG, et al. (2008) Usefulness of childhood non-high density lipoprotein cholesterol levels versus other 
lipoprotein measures in predicting adult subclinical atherosclerosis: the Bogalusa Heart Study. Pediatrics 121: 924-9.
39. Mach F, Baigent C, Catapano AL, Koskinas KS, Casula M, et al. (2020) 2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to 
reduce cardiovascular risk. European Heart J 41: 111-188.
40. Freedman DS, Srinivasan SR, Harsha DW, L S Webber, G S Berenson (1989) Relation of body fat patterning to lipid and lipoprotein concentrations in children 
and adolescents: the Bogalusa Heart Study. Am J Clin Nutr 50: 930-9.
41. Kim MS, Ryabets-Lienhard A, Dao-Tran A, Steven D Mittelman, Gilsanz V, et al. (2015) Increased Abdominal Adiposity in Adolescents and Young Adults with 
Classical Congenital Adrenal Hyperplasia due to 21-Hydroxylase Deficiency. J Clin Endocrinol Metab 100: E1153-9.

                                                                               Volume 1 | Issue 1 
 
ScholArena | www.scholarena.com

                    

       J Horm Disord Endocrinol Res  6

https://link.springer.com/article/10.1007/s001120170107
https://adc.bmj.com/content/archdischild/45/239/13.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2020314/
https://www.aerztenetz-bad-berleburg.de/images/S2k-Leitlinie-Hyperlipidaemien-Kinder-Jugendliche.pdf
https://pubmed.ncbi.nlm.nih.gov/26126207/
https://pubmed.ncbi.nlm.nih.gov/22040842/
https://pubmed.ncbi.nlm.nih.gov/19264243/
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.106.620864
https://pubmed.ncbi.nlm.nih.gov/1538956/
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-7901-z
https://academic.oup.com/jcem/article/92/1/110/2598153
https://pubmed.ncbi.nlm.nih.gov/21098686/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3513542/
https://pubmed.ncbi.nlm.nih.gov/20719839/
https://academic.oup.com/jcem/article/103/11/4097/5107761
https://pubmed.ncbi.nlm.nih.gov/25405496/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4439887/
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S2359-39972015000600541
https://www.sciencedirect.com/science/article/abs/pii/S0026049500800682
https://pubmed.ncbi.nlm.nih.gov/20395657/
https://pubmed.ncbi.nlm.nih.gov/28787274/
https://pubmed.ncbi.nlm.nih.gov/31271560/
https://pubmed.ncbi.nlm.nih.gov/25599372/
https://pubmed.ncbi.nlm.nih.gov/18647280/
https://pubmed.ncbi.nlm.nih.gov/18450895/
https://pubmed.ncbi.nlm.nih.gov/31504418/
https://pubmed.ncbi.nlm.nih.gov/2816800/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4524992/

