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Abstract Classical congenital adrenal hyperplasia (CAH)

is characterized by the defects in cortisol and aldosterone

secretion, and accompanied with adrenal hyperandroge-

nism. It is likely that the impaired adrenocortical function

and intermittent treatment-related hypercortisolism may

predispose patients to the development of metabolic syn-

drome in adulthood. Our aim was to assess the impact of

hyperandrogenism on metabolic profiles in CAH women

without glucocorticosteroid treatment. We evaluated the

clinical characteristics and metabolic profiles in 30

untreated Chinese female adults with simple virilizing

congenital adrenal hyperplasia (SV–CAH). Mutation

analysis was performed by sequencing the entire 21-

hydroxylase gene (CYP21A2). As compared with the con-

trols, CAH patients had higher BMI (BMI, 21.5 ± 2.1 vs.

20.0 ± 1.8 kg/m2, P \ 0.05), higher 2 h post-load plasma

glucose levels (6. 35 ± 1.74 vs. 5. 35 ± 1.17 mmol/l,

P \ 0.05), higher serum triglycerides (TG) (1.12 ± 0.64

vs. 0.63 ± 0.15 mmol/l, P \ 0.01), and lower high-density

lipoprotein cholesterol (HDL-c) (1.30 ± 0.39 vs. 1.67 ±

0.29 mmol/l, P \ 0.01). Moreover, CAH patients had

higher fasting insulin and homeostasis model assessment of

insulin resistance (HOMA-IR) (1.81 ± 0.99 vs. 1.24 ±

0.50, P \ 0.05), while DIns30/DGlu30 showed no statisti-

cally significant difference in two groups. In addition, a

marked reduction of serum adiponectin levels were

observed in CAH patients (7.0 ± 3.3 vs. 13.2 ± 4.8 lg/ml,

P \ 0.001), however, serum CRP levels were not different

between patients and the controls. Further regression

analysis showed that higher serum testosterone concentra-

tions were associated with metabolic disorder indexes and

reduction of serum adiponectin. Our study demonstrates

that untreated CAH patients are prone to have metabolic

disorders in association with elevated serum testosterone

levels and reduced insulin insensitivity.

Keywords 21-Hydroxylase deficiency �
Simple virilizing form � Insulin resistance � CYP21A2

Introduction

21-Hydroxylase deficiency (21-OHD) is one of the most

common causes of genital ambiguity, accounting for over

90% congenital adrenal hyperplasia (CAH). Defects in the

CYP21A2 gene, which codes for the steroid 21-hydroxy-

lase, lead to various degrees of impaired cortisol and

aldosterone synthesis, and the excess of androgen [1].

Based on the extent of enzyme impairment, classic 21-

OHD is subdivided into salt wasting (SW) with deficiency

in both mineralocorticosteroids and glucocorticosteroids,

and simple virilizing (SV) form with major cortisol defi-

ciency. Androgen excess in both classes results in virili-

zation of external genitals, precocious pubarche, hirsutism,
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menstrual disturbances, and infertility in females. Usually,

glucocorticoids are administrated to suppress the elevated

adrenocortical secretion of androgen steroid precursors in

classic CAH patients from childhood [2].

Recent studies suggest that androgen excess plays a role

in pathogenesis of obesity and insulin resistance in women

[3, 4]. The close relationship between androgen excess and

hyperinsulinemia and insulin insensitivity has been shown

in nonclassic CAH [5, 6]. Indeed, a progressive increase in

fat mass during childhood has been reported in CAH

patients [7]. However, most of the studies have addressed

the consequences of glucocorticoid replacement on lipid

metabolism and glucose control. In this study, we investi-

gated a special population with SV–CAH, which has never

been treated by gulcocorticoid and other androgen lower-

ing medicine before, in order to recognize the effect of

long-term excess androgen on metabolic disorders and the

risk factors for cardiovascular diseases.

Results

Clinical characteristics

All the CAH patients (n = 30) were newly diagnosed and

did not receive any treatment before. 90% (27/30) of patients

presented with primary amenorrhea and the other 10% (3/30)

patients also had irregular menses. The signs of hyperan-

drogenism were observed, including hirsutism (100%, 30/

30), coarse skin (90%, 27/30), acne (100%, 30/30), laryngeal

prominence (80%, 24/30), and undeveloped breasts (100%,

30/30), clitoris enlargement (100%, 30/30) and labioscrotal

fusion (complete, 7%, 2/30; incomplete, 13%, 4/30). Nine

patients received a feminizing genitoplasty due to ambigu-

ous genitalia at age of 2 until 10 years. Hyper-pigmentation

or darkening of the skin was found in all the patients. Most

patients had accelerated growth from age 4–8 years, but

ceased gradually from age 11–12 years. The bone age for all

the patients indicated complete epiphyseal fusion and their

mean final height (154.5 ± 5.8 cm) was lower than that of

the female controls. The computerized tomography (CT)

scan showed bilateral adrenal hyperplasia with different size

of nodules (maximum diameter 23 mm) in all patients. Six

patients had polycystic ovaries and other 24 patients had

immature uterus and ovaries by ultrasonography. As com-

pared with the controls, the patients had significantly lower

plasma cortisol, and higher plasma ACTH, 17-hydroxypro-

gesterone (17-OHP), and testosterone levels (Table 1). FSH,

LH, estradiol, and aldosterone levels were basically normal

in the patients.

Sequencing analysis demonstrated that the I172N sub-

stitution at exon 4 was the most common mutation (38%,

23/60 alleles) in CAH patients (Supplemental Table 1).

The IVS2-13A/C-G substitution was the next common

mutation (31.7%). Compound heterozygous mutations

were identified in 20 patients, accounting for 66.7%, while

the genotype of compound heterozygous I172N and IVS2-

13A/C-G mutation represented 30% of the patients.

Metabolic characteristics

None of the patients was overweight or obese, while BMI

was greater in CAH patients as compared with the controls

(Table 2). The patients had significant lower plasma

adiponectin concentrations than that of the controls

(Fig. 1a). The percentage of metabolic syndrome diag-

nosed in the patients was about 3.3%, and approximately

50% of the patients presented more than one components

of metabolic syndrome.

Insulin sensitivity and pancreatic beta cell function

Oral glucose tolerance test (OGTT) showed that fasting

plasma glucose (FPG) levels were not significantly

Table 1 Clinical characteristics

of SV–CAH patients

ND not done

* P \ 0.05; ** P \ 0.01;

*** P \ 0.001

SV–CAH (n = 30) Controls (n = 30) P value

Age (years) 21.0 ± 4.3 22.5 ± 3.1 ND

Body height (cm) 154.5 ± 5.8 161.8 ± 5.7 \0.01**

Weight (kg) 51.0 ± 5.9 51.9 ± 5.6 ND

Body mass index (kg/m2) 21.4 ± 1.9 20.0 ± 1.8 \0.05*

Systolic blood pressure (mmHg) 117 ± 6 106.4 ± 10 \0.001***

Diastolic blood pressure (mmHg) 77 ± 6 74 ± 6 0.06

Plasma testosterone (ng/dl) 581.0 ± 507.0 26.0 ± 15.0 \0.001***

Plasma 17-OHP (ng/dl) 9510 ± 328.0 155.0 ± 75.0 \0.001***

Plasma DHEAS (lg/L) 30.2 ± 20.2 ND ND

Plasma ACTH (ng/L) 454.2 ± 539.9 ND ND

Plasma cortisol (8 am, lg/L) 11.8 ± 5.0 ND ND

Urine aldosterone (lg/24 h) 37.6 ± 40.5 ND ND
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different between the CAH patients and controls, while

fasting insulin concentrations and 2 h post-load plasma

glucose levels were markedly elevated in CAH patients as

compared with the controls (Fig. 2; Table 2). As compared

with the controls, the area under curve (AUC) of insulin

levels was significantly higher in CAH patients, but the

AUC of glucose levels in OGTT showed no statistically

significant difference (Table 2). The HOMA-IR was higher

in CAH patients, while HOMA-b showed no statistically

significant difference between two groups. Serum insulin

levels after oral glucose load had a rapid increase in CAH

patients at 30 min, and were constantly higher until 3 h.

The insulin sensitivity index (ISI) was lower in CAH

patients, while DIns30/DGlu30 showed no statistically

significant difference between the patients and controls.

Associations of serum testosterone with other variables

In the patients, plasma testosterones levels were inversely

correlated with serum adiponectin (Fig. 1b), HDL and ISI,

while positively correlated with fasting insulin level, TG,

systolic blood pressure, HOMA-IR and DIns30/DGlu30

(Table 3). After adjustment for BMI, plasma testosterone

levels were positively correlated with serum TG (r = 0.41,

P \ 0.01), and negative associated with HDL-c (r =

-0.32, P \ 0.05). Plasma 17-OHP levels was also

Table 2 Blood biochemical

characteristics in SV–CAH

patients

NS not statistically significant

* P \ 0.05; ** P \ 0.01;

*** P \ 0.001
a Log transformed at the

analysis

SV–CAH (n = 30) Control (n = 30) P value

Serum TC (mmol/l) 3.65 ± 1.24 3.98 ± 0.45 NS

Serum HDL (mmol/l) 1.30 ± 0.39 1.67 ± 0.29 \0.01**

Serum LDL (mmol/l) 2.07 ± 0.88 2.31 ± 0.37 NS

Serum TG (mmol/l) 1.12 ± 0.64 0.63 ± 0.15 \0.01**

Fasting plasma glucose (mmol/l) 4. 48 ± 0.37 4.37 ± 0.47 NS

2 h OGTT plasma glucose (mmol/l) 6. 35 ± 1.74 5. 35 ± 1.17 \0.05*

Fasting insulin (lIU/ml) 9.12 ± 5.28 5.45 ± 3.37 \0.05*

AUC of glucose 19.0 ± 3.9 16.1 ± 3.3 0.08

AUC of insulin 277.2 ± 156.2 81.0 ± 36.5 \0.01**

HOMA-IRa 1.81 ± 0.99 1.24 ± 0.50 \0.05*

ISIa 0.03 ± 0.02 0.05 ± 0.04 \0.05*

HOMA-ba 214.14 ± 187.08 89.72 ± 90.27 NS

DIns30/DGlu30a 38.73 ± 49.29 21.26 ± 15.04 NS

Serum CRP (ng/ml) 371.72 ± 1.64 378.51 ± 1.82 NS

Rate of MS (%) 3.3 0 0.30

Clinical components of MS (%)

C2 components 16.7 3.3 0.07

C1 component 50 10 \0.01**

Fig. 1 a Serum adiponectin levels in SV–CAH patients. b Correlation

of serum adiponectin levels and plasma testosterone levels in all

subjects

Fig. 2 Plasma glucose and

serum insulin levels by oral

glucose tolerance test (OGTT).

* P \ 0.05; ** P \ 0.01
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positively correlated with serum TG (r = 0.40, P \ 0.05)

and inversely correlated with serum HDL-c (r = -0.42,

P \ 0.01). By multiple regression analysis, after adjust-

ment for FPG, BMI, age, serum total cholesterol (TC), TG,

HDL-c and low-density lipoprotein (LDL), systolic blood

pressure, diastolic blood pressure, and plasma adiponectin,

plasma testosterone was significantly correlated with

HOMA-IR (P \ 0.01); moreover, after adjustment for

FPG, BMI, age, serum TC, TG, HDL-c and LDL, systolic

blood pressure, and diastolic blood pressure, plasma

adiponectin was significantly correlated with plasma tes-

tosterone (P \ 0.05). The upper 75th percentile of the

HOMA-IR distribution is defined as insulin resistance.

Logistic regression analysis showed that the odds ratio of

plasma testosterone levels for insulin resistance was 2.02

(95% CI, 1.09–3.73) after adjustment for fasting glucose,

age, TC, TG, HDL-c, LDL, systolic blood pressure, and

diastolic blood pressure (Table 4). The odds ratio was 1.41

(95% CI 1.11–1.78) after further adjustment for adipo-

nectin and BMI.

Discussion

In this study, we recruited 30 young women with newly

diagnosed SV–CAH. This special group might have long-

term hyperandrogenism due to lack of treatment. Majority

of those patients were from remote rural area and did not

seek medical attention until they had no menarche. Even

all the patients had predominant abnormality of external

genitalia; only 30% (9/30) were aware of it and received

feminizing genitoplastic surgery. Since no further treatment

was given to lower the excess androgen, virilizing symp-

toms such as hirsutism, coarse skin and acne, were not

improved and clitoris enlargement were recurrent in six of

those with plastic surgery.

Our findings revealed the clear differences in some

metabolic risk factors between this special population and

the control. The untreated female patients with SV form of

CAH had higher body weight, higher blood pressures,

lower insulin sensitivity and more metabolic disorders,

including higher serum TG, and lower HDL-c. As there

were no impacts from exogenous glucocorticoids, the dif-

ferences were most likely due to the long-term exposure to

excess androgen in such a young patient group.

Further investigation of underlying factors revealed that

plasma testosterone was positively associated with the

body weight, dyslipidemia, systolic hypertension, and other

metabolic disorders. Actually, androgen had an important

impact on glucose homeostasis, lipid metabolism and body

fat distribution; therefore androgen excess might play a

role in the development of metabolic syndrome in women.

Some studies showed that elevated plasma androgen levels

were associated with insulin resistance, metabolic disor-

ders, and even coronary artery diseases in obese women

[8–10], but not in men [11]. Our findings may have direct

implications in body weight accumulation in these CAH

patients. Because androgen receptors have been identified

in adipocytes [12], it is plausible that elevated plasma

androgen levels play an important role in regional fat dis-

tribution, particularly visceral fat accumulation [13–15].

Furthermore, some other studies showed that testosterone

promoted lipolysis in adipose tissues through upregulating

lipoprotein lipase and hormone-sensitive lipase activities

[16, 17]. Thus, hyperandrogenism could be a major factor

involved in metabolic disorders in these untreated CAH

patients.

Table 3 Univariate regression analysis with plasma testosterone

levels as independent variable

Variables Univariate

r b ± SE P

Body mass index (kg/m2) 0.26 0.12 ± 0.07 0.08

Fasting plasma glucose (mmol/l) 0.05 0.01 ± 0.01 0.73

2 h OGTT plasma glucose (mmol/l) -0.15 -0.05 ± 0.08 0.56

Fasting insulin (lU/ml) 0.47 0.02 ± 0.01 0.001

HOMA-IR 0.53 0.03 ± 0.01 \0.0001

Serum TG (mmol/l) 0.35 0.04 ± 0.01 0.007

Serum TC (mmol/l) -0.24 -0.05 ± 0.03 0.073

Serum HDL (mmol/l) -0.44 -0.04 ± 0.01 0.001

Serum LDL (mmol/l) -0.20 -0.03 ± 0.02 0.13

Systolic blood pressure (mmHg) 0.40 0.82 ± 0.29 0.008

Diastolic blood pressure (mmHg) 0.22 0.29 ± 0.19 0.15

Serum adiponectin (lg/ml) -0.51 -0.58 ± 0.14 \0.0001

r Pearson correlation coefficient, b regression coefficient, SE standard

error

Table 4 The odds ratios of plasma testosterone and serum adipo-

nectin levels for insulin resistance

OR (95% CI) P value

Plasma testosterone levels

Model 1 1.27 (1.06–1.53) 0.010

Model 2 2.02 (1.09–3.73) 0.025

Model 3a 1.41 (1.11–1.78) 0.005

Serum adiponectin levels

Model 1 0.67 (0.48–0.94) 0.019

Model 2 0.43 (0.19–0.94) 0.034

Model 3b 0.82 (0.56–1.20) 0.304

Data was shown with 95% CI

Model 1 not adjusted, Model 2 adjustment for age, fasting glucose,

total cholesterol, triglycerides, HDL-c, LDL, BMI, systolic blood

pressure, and diastolic blood pressure, a adjustment for Model

2 ? adiponectin, b adjustment for Model 2 ? testosterone
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Lines of evidence suggested that elevated free testos-

terone was associated with higher fasting insulin and post-

load insulin; and considered to be a major predictor of

metabolic syndrome in PCOS patients [10, 18, 19]. Several

studies also reported hyperinsulinemia and insulin insen-

sitivity in women with non-classical CAH or classic CAH

[6, 20–22], but few were free from the influences of glu-

cocorticoids replacement. Our results showed that the

patients had significantly higher insulin levels and lower

insulin sensitivity, which would be the further evidence for

hyperandrogenism as a predictor of metabolic disorders.

We also demonstrated that the serum adiponectin levels

were significantly reduced in SV–CAH patients and neg-

atively correlated with plasma testosterone levels. It was

reported that serum adiponectin levels were down-regu-

lated by androgen [23, 24], which could be a risk for

insulin resistance and atherosclerosis [25]. We further

observed that the association of testosterone with HOMA-

IR was markedly reduced after adjustment for serum

adiponectin levels. It implied that elevated testosterone

levels resulted in insulin resistance partially through down-

regulation of adiponectin in patients with SV–CAH.

Therefore, we speculate that exposure to high testosterone

levels might contribute to reduction of serum adiponectin

levels, and that in turn may impair insulin sensitivity in

SV–CAH patients.

In conclusion, the newly diagnosed patients with SV–

CAH have significantly lower adiponectin concentrations,

higher insulin levels, and other metabolic indexes, com-

pared with the normal control group. These differences

might reflect the impacts from the long-term hyperan-

drogenism due to 21-OHD. Furthermore, all the metabolic

disorder indexes may expose the patients to the increased

risk of metabolic syndrome and cardiovascular disease.

Materials and methods

Subjects

Thirty unrelated Chinese female patients (age, 21.0 ±

4.3 years) with SV form of 21-OHD were investigated. All

the patients were newly diagnosed as CAH in the Clinic of

Department of Endocrinology and Metabolism, Rui-Jin

Hospital, Shanghai and had never received glucocorticoid

treatment and other lowering androgen agents before this

study. The diagnosis for all the patients was established

according to the clinical manifestations, basal hormone

levels, and imaging evidence. The SV form is defined as

variable degree of ambiguous external genitalia and with-

out SW evidence. A mutation analysis of the CYP21A2

gene by direct sequencing was performed in all patients as

reported previously [26].

Thirty control subjects (age, 22.5 ± 3.1 years) were

recruited from postgraduate students of Shanghai Jiao Tong

University, Shanghai. The study protocol was approved by

the Institutional Review Board of the Rui-Jin Hospital and

the informed consent was obtained from each participant.

Clinical and biochemical measurements

Body mass index (BMI) was calculated as body weight in

kilogram divided by body height squared in meters. BMI of

25.0–29.9 kg/m2 was defined as overweight, whereas

30 kg/m2 or greater as obese. Blood pressure was measured

at the right arm with a mercury meter three times after at

least 5 min rest in a seated position. These three readings

were averaged for analysis. The signs of hyperandrogenism

were recorded by an endocrinologist. Hirsutism was eval-

uated according to the modified Ferriman–Gallwey scoring

method [27].

Blood samples were drawn in the morning after an over-

night fast for the biochemical and hormone measurements.

Serum TC, TG, HDL-c, and LDL cholesterol were measured

using the SYNCHRONLX Systems (Beckman Coulter Inc.,

Fullerton, CA). Serum insulin, cortisol, and testosterone

were measured by fluoroimmunoassay (AutoDelfia Wallac

Inc, Turku, Finland). Urine aldosterone, serum 17-OHP,

and dehydroepiandrostenedione sulfate (DHEAS) were

measured by radioimmunoassay (Abbott Laboratories Inc,

Illinois, USA), Serum C-reactive protein (CRP) and adipo-

nectin levels were measured by ELISA (Linco Laboratories

Inc, Missouri, USA). The HOMA-IR was calculated as

fasting insulin (lIU/ml) 9 fasting glucose (mmol/l)/22.5,

and HOMA-b was calculated as 20 9 fasting insulin (lIU/

ml)/{fasting glucose (mmol/l) - 3.5}. Most patients and

age-matched control subjects received OGTT and insulin

release test (IRT). The DIns30/DGlu30 was calculated

as = (Ins30 - Ins0)/(Glu30 - Glu0), and ISI represented

1/{fasting glucose (mmol/l) 9 fasting insulin (lIU/ml)}.

According to the definition recommended by the Asia

Pacific Working Party on NAFLD 2006 [28], metabolic

syndrome is defined as any three or more of the following:

(1) Central obesity: waist circumference [90 cm (male),

[80 cm (female), and/or BMI[25 kg/m2 in both sexes. (2)

Hypertriglyceridaemia: TG C1.7 mmol/l. (3) Low HDL-c:

HDL-c \1.03 mmol/l (male) and \1.29 mmol/l (female).

(4) Elevated blood pressure: blood pressure C130/

85 mmHg. (5) Elevated fasting glucose: FPG C5.6 mmol/l

or previously diagnosed type 2 diabetes.

Statistical analysis

Results are presented as mean ± SD if not otherwise sta-

ted. Measurements with a skewed distribution were nor-

malized by logarithmic transformation. Comparisons of

264 Endocr (2010) 38:260–265



means and proportions were performed with the standard

normal z-test and v2 tests, respectively. To allow for

covariates and confounders, we performed analysis of

multiple linear regression and logistic regression. The

definition of the upper normal limit used for defining

normal range of insulin resistance is set at the 75th upper

percentile of the HOMA-IR distribution. Statistical sig-

nificance was defined as P \ 0.05.
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