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Evaluation of Subclinical Inflammation in Children 
with Premature Adrenarche

Objective: The objectives of this study were to compare the serum inflammatory markers, interleukin-6 (IL-6), highly sensi-
tive C-reactive protein (hs-CRP), and fetuin-A, in patients with premature adrenarche (PA) and the control group.

Materials and Methods: This single-center cross-sectional study included 85 non-obese and pre-pubertal children. After 
8–12 h of fasting, blood glucose, HDL, LDL, triglyceride, cholesterol, insulin, dehydroepiandrosterone sulfate, total testos-
terone, 17-OH PG, IL-6, hs-CRP, and Fetuin-A levels were measured and compared in a convenience sample of PA (n=35) 
and a healthy volunteers of control (n=50) group.

Results: The mean age (7.34±0.62 years vs. 7.09±0.77 years, respectively) and sex (82% girl vs. 80% girl, respectively) of 
the PA and control groups were similar (p>0.05). Fasting insulin levels (10.9±6.21 Uu/mL vs. 7.4±5.9 Uu/mL; p<0.001), 
HOMA-IR (2.06±0.63 vs. 1.36±1.00; p=0.017), FGIR (11.31±5.60 vs. 16.46±8.52; p=0.004), and QUICKI (0.35±0.02 
vs. 0.37±0.03; p<0.001) levels were different in PA and control groups. IL-6 level higher in PA group than controls [2.7 
(3.30) pg/mL vs. 3.02 (1.31) pg/mL, p=0.035], while plasma Fetuin-A [522.02 (715.86) mg/L; 519.4 (945.97) mg/L, 
p=0.434] and hs-CRP [0.73 (1.02) mg/dL; 1.0 (1.12) mg/dL, p=0.439] levels were similar. IL-6 cutoff value for PA was 
calculated as 2.06 with 72.7% sensitivity and 48.8% specificity for all study groups (AUC=0.641, p=0.036).

Conclusion: The high IL-6 levels may be an indicator of chronic subclinical inflammation in PA cases. These children should 
be followed closely in terms of metabolic disorders.
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INTRODUCTION

Premature adrenarche (PA) is defined as the presence of isolated genital and/or axillary hair in younger than 
8-year-old girls, and younger than 9-year-old boys. Precocious puberty, congenital adrenal hyperplasia, andro-
gen-secreting tumors, and exogenous androgen exposure should be ruled out for the diagnosis of PA (1). Although 
the pathogenesis is unknown, it has been reported that PA may be related to genetic and epigenetic (intrauterine 
fetal programming) factors or the early activation of the zona reticularis (1, 2). A typical laboratory finding of the 
adrenarche is that the dehydroepiandrosterone Sulfate (DHEA-S) level is higher than 40 µg/dl (1). In a study, the 
prevalence of PA was found to be 8.6% in girls and 1.8% in boys (3).

Although PA has been accepted as a normal variant, emerged studies showed that it may precede many disorders 
such as polycystic ovary syndrome (PCOS), hyperinsulinemia, cardiovascular diseases, and metabolic syndrome 
(MeS) (2, 4, 5). The association between PA and the aforementioned diseases has not been clearly explained; it 
may be related to chronic subclinical inflammation in PA cases. There is a limited study with conflicting reports in 
the literature investigating subclinical inflammation in children with PA (6–8).

It has been shown that interleukin-6 (IL-6) is the main marker in chronic inflammation and its level increases in in-
flammatory diseases (9, 10). One of the other well-known markers for inflammatory processes especially in cardio-
vascular diseases is highly sensitive C-reactive protein (hs-CRP) (11, 12). Fetuin-A, a multifunctional glycoprotein 
that is synthesized chiefly by the liver, has varied effects on human health (13). It has been shown that Fetuin-A 
plays an important role in inflammatory processes by regulating cytokine secretions and adipocyte functions (14). 
It has also been related to some endocrine conditions such as obesity, insulin secretion and effects, and diabetes, 
as well as calcium and phosphate mineralization (15).

This study aimed to compare the serum inflammatory markers, IL-6, hsCRP, and Fetuin-A, in patients with PA 
and the control group. To the best of our knowledge, there is no study in the literature comparing Fetuin-A level 
in PA and their control group. The secondary aim is to compare MeS risk factors (insulin resistance, dyslipidemia, 
hypertension, and obesity) between groups, and to investigate their correlations with inflammatory markers.
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MATERIALS and METHODS

This single-center cross-sectional study was conducted by Sivas 
Cumhuriyet University Pediatric Endocrinology Department from 
September 2020 to March 2021. A convenience group of PA and 
healthy volunteers of the control group were included in the study. 
Independent t-test power analysis was performed with PASS 2008 
software. The sample size was calculated as 40 individuals in each 
group (α=0.05, β=0.10), according to the effect size of 0.727 de-
termined by our clinical expectations by taking into account the 
mean and standard deviation statistics of a previous study (6).

The Diagnosis of PA
• The presence of genital and/or axillary hair in girls younger 

than 8 years, boys younger than 9 years

• Breast Tanner stage one for girls, testicular volume <4 ml for 
boys

• Exclusion of androgen-secreting tumors, congenital adrenal hy-
perplasia, and exogenous androgen exposure.

The Exclusion Criteria in both PA and Control Group
The following criteria were excluded from the study:

• Chronic disease history

• Cardiovascular disease risk factors (hypertension, hyperlipid-
emia, impaired glucose tolerance, and obesity)

• History of chronic drug use

• Obesity or malnutrition

• Fever or signs of infection

Auxological Measurements
Height was measured by the same person with a Harpenden sta-
diometer, without shoes, and head in the Frankfurt plane. Body-
weight was measured with a Braun branded electronic scale with 
0.1 kg precision by removing the thick clothes. Obesity was de-
fined as a BMI above the 95th percentile for the appropriate age- 
and sex-based Turkish children (16). Blood pressure was measured 
with an Erka brand sphygmomanometer. Radiography of the left-
hand wrist was obtained for bone age determination. Bone age 
was estimated using the Greulich-Pyle atlas.

Laboratory Analysis
After 8–12 h of fasting, blood was taken from all cases. Blood glu-
cose, HDL, LDL, triglyceride, cholesterol, insulin, DHEA-S, total 
testosterone, a,d 17-hydroxyprogesterone (17-OHP) levels were 
measured immediately. Then after centrifugation for 15 min at 
3500 rpm, the serum from all the participants was stored at –20°C 
for analysis of IL-6, hs-CRP, and Fetuin-A levels.

Fasting blood glucose, cholesterol, triglyceride, HDL, and LDL 
values were evaluated by spectrophotometric method (Roche 
Cobas c702, Germany). Serum hsCRP concentration was de-
termined by the turbidimetry method (Beckman Coulter, Califor-
nia, USA). Insulin, IL-6, total testosterone, and DHEA-S levels 
were evaluated using the electrochemiluminescent assay meth-
od (Roche Diagnostics, e801, Germany). 17-OHP levels were 

determined by LC-MS (Thermo Scientific, TSQ Quantum Acess 
Max). Fetuin-A was studied using the quantitative sandwich en-
zyme-linked immunosorbent assay method from Shanghai Sun-
red Biological Technology Co., Ltd, China.

Calculations (17–19)
• Homeostasis Model Assessment for Insulin Resistance (HO-

MA-IR): (Fasting blood glucose (mg/dL) × fasting insulin (µU/
mL)/405)

• Fasting glucose insulin ratio (FGIR): [(Fasting glucose (mg/dL)/
fasting insulin (µU/mL)]

• Quantitative Insulin Sensitivity Check Index (QUICKI): [(1/(log 
(insulin) + log (plasma glucose (mg/dL)]

• Plasma atherogenic index (PAI): log (triglyceride/HDL)

Statistical Analysis
The Statistical Package for the Social Sciences (SPSS/PC 22.0) 
for Windows software (SPSS, Chicago, IL, USA) was used for sta-
tistical analyses. The values were expressed as the mean±standard 
deviation (SD) for parametric tests, medians (interquartile rang-
es) for non-parametric tests, or percentage for qualitative results. 
The normality of data was assessed using Shapiro–Wilks test. The 
Chi-square test was used for comparisons of gender differences 
between groups. To compare mean or median, the independent 
samples t-test or Mann–Whitney U-test were used as appropriate. 
Pearson or Spearman rank correlation values were used for the 
evaluation of quantitative data correlations. P<0.05 was accepted 
as statistically significant.

Cumhuriyet University Clinical Research Ethics Committee ap-
proved the study protocol (dated 17.9.2020 and numbered 2020–
09/03). Informed assent was taken from children, and informed 
consent was taken from parents.

RESULTS

Eighty-five non-obese, pre-pubertal children [PA (n=35), and Con-
trol Group (n=50)], aged 5–8 years old, included the study. The 
mean age (7.34±0.62 years vs. 7.09±0.77 years, respectively) 
and sex (82% girl vs. 80% girl, respectively) of the PA (n=35) 
and control (n=50) groups were similar (p=0.573). PA group 
had higher weight (27.6±4.7 kg vs. 23.4±5.03 kg, respective-
ly), height (126.08±5.84 cm vs. 121.3±8.22 cm, respectively), 
and BMI (17.3±2.2 kg/m2, 15.7±1.7 kg/m2) than control group 
(p<0.001; p=0.005; p=0.001, respectively). The systolic blood 
pressure (100±10 mmHg vs. 94.4±16.9) and the percent of small 
for gestational age (8.6% vs. 2%) were higher in the PA group than 
in control; however, the differences were not statistically significant 
(p=0.095; p=0.301, respectively) (Table 1).

When we compared PA and control group’s biochemical param-
eters; fasting blood glucose (88.62±7.6 mg/dL vs. 86±7.0 mg/
dL, p=0.223), HDL (53.5±13.3 mg/dL vs. 57.9±14.9 mg/
dL, p=0.184), LDL (98.09±24.5 mg/dL vs. 98.1±41.88 mg/
dL, p=0.980), cholesterol (153.6±26.9 mg/dL vs. 156.5±32.3 
mg/dL, p=0.330), triglyceride (78.4±36.9 mg/dL, 84.7±50.4 
mg/dL, p=0.922), and PAI levels (0.13±0.24 vs. 0.12±0.299, 
p=0.764) were similar.
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Fasting insulin levels (10.9±6.21 Uu/mL vs. 7.4±5.9 Uu/mL; 
p<0.001), HOMA-IR (2.06±0.63 vs. 1.56±1.00; p=0.017), 
FGIR (10.70±5.59 vs. 16.46±8.52; p=0.004), and QUICKI 
(0.35±0.02 vs. 0.37±0.03; p<0.001) levels were different in PA 
and control groups (Fig. 1). In addition, serum DHEA-S level was 
higher in case group [68.8 (196.5) µg/dL] than control group 
[17.8 (212.2) µg/dL] as expected, p<0.001).

Inflammatory parameters were also compared in PA and control 
groups; IL-6 level higher in PA group than controls [2.7(3.30) 
pg/mL vs. 3.02 (1.31) pg/mL, p=0.035], while plasma Fetuin-A 
[522.02 (715.86) mg/L; 519.4 (945.97) mg/L, p=0.434], and 
hs-CRP [0.73 (1.02) mg/dL; 1.0 (1.12) mg/dL, p=0.439] levels 
were similar (Fig. 2). IL-6 cutoff value for PA was calculated as 
2.06 with 72.7% sensitivity and 48.8% specificity for all study 
groups (AUC=0.641, p=0.036) (Fig. 3).

The correlations between inflammatory markers (IL-6, Fetuin-A and 
hsCRP), androgen levels (DHEA-S and 17-OHP), insulin resistance 
parameters (HOMA-IR, QUICKI and FGIR), and lipid profiles were 
evaluated. There were no significant correlations between inflamma-
tory markers and the other parameters. However, HOMA-IR level 
as an insulin resistance parameter was significantly correlated with 
triglyceride (r=0.34, p<0.001) and PAI (r=0.38, p<0.001) levels.

DISCUSSION

The major outcome of the study was a higher level of IL-6 in chil-
dren with PA than healthy age- and sex-similar controls. We also 
found that the IL-6 cutoff value for PA was 2.06 with 72.7% sen-
sitivity and 48.8% specificity. However, it should be taken into ac-
count that the calculated AUC value was 0.641, indicating a mod-
erate diagnostic accuracy. In addition, these children had higher 
HOMA-IR and fasting insulin levels with lower FGIR and QUICKI 

Table 1. Anthropometric, biochemical, and physiological characteristics 

of the cases included in the study

 PA (n=35) Control (n=50) p

Age, year 7.34±0.62 7.09±0.77 0.129

Sex, girl % 82 80 0.573

SGA, % 8.6 2 0.301

Bodyweight, kg 27.6±4.7 23.4±5.03 <0.001

Bodyweight-SDS 0.58±0.75 -0.17±0.80 <0.001

Height, cm 126.08±5.84 121.3±8.22 0.005

Height-SDS 0.39±0.77 -0.18±0.76 <0.001

BMI, kg/cm2 17.3±2.2 15.7±1.7 0.001

BMI-SDS 0.54±0.78 -0.04±0.77 <0.001

SBP, mmHg 100±10 94.4±16.9 0.095

DBP, mmHg 58.7±8.1 60±8.6 0.523

Glucose, mg/dL 88.62±7.6 86±7.0 0.223

Insulin, Uu/mL 10.9±6.2 7.4±5.9 0.006

Cholesterol, mg/dL 153.63±26.9 156.5±32.3 0.330

HDL, mg/dL 53.5±13.3 57.9±14.9 0.184

LDL, mg/dL 98±24.5 98.1±41.88 0.980

Triglyceride, mg/dL 78.4±36.9 84.7±50.4 0.922

PAI 0.13±0.24 0.12±0.29 0.764

DHEA-S, µg/dL 68.8 (196.5) 17.8 (212.2) <0.001

17-OH PG, ng/mL 0.36±0.31 1.15±1.44 0.440

SDS: Standard deviation, BMI: Body mass index, SBP: Systolic blood pressure, 

DBP: Diastolic blood pressure, HDL: High density lipoprotein, LDL: Low 

density lipoprotein, DHEA-S: Dehydroepiandrosterone-sulfate, 17-OH PG: 

17-hydroxyprogesterone PAI: Plasma atherogenic index

Figure 1. HOMA-IR, QUICKI, and FGIR values as an indicator of insulin resistance of the PA and Control Groups (Error 
Bar represent mean±SD)
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levels, suggesting a tendency for increased insulin resistance. As a 
matter of fact, although the PA and the control groups were select-
ed among non-obese children, the BMI level of the PA group was 
slightly higher than the control group. Hence, high IL-6 levels in 
the PA group may be related to BMI level. However, there was no 
significant correlation between IL-6 level and BMI-SDS in this co-
hort. Hence, we thought that increased IL-6 level in the PA group 
was independent of BMI. However, more comprehensive studies 
are needed on this subject.

PCOS and MeS risk factors (dyslipidemia, insulin resistance, hy-
pertension, and obesity) are more common in individuals with a 
history of PA (4, 20, 21). This association may be related to chron-
ic subclinical inflammation in cases with PA (21, 22). There are 
conflicting reports in a limited number of studies investigating the 
role of chronic subclinical inflammation in patients with PA. These 
studies were conducted either in children with a diagnosis of PA (6) 
or in adolescent and adult women with a history of PA (8).

Firstly, in a study with limited number of patients with pre-pubertal 
PA (n=10), Mathew et al. (7) showed that TNF-α and IL-8 levels 
were high in the lean pre-pubertal PA group, whereas IL-6 and 
CRP levels were not different. Similarly, in another study, compar-
ing TNF-α and IL-6 levels in a pre-pubertal group of 73 PA and 98 
control, it has been found that TNF-α levels were higher in the PA 
group, whereas the mean serum IL-6 concentrations between the 
study groups were similar (6).

Livadas et al. (8), in a study, conducted on 45 adolescents with a 
history of PA with a mean age of 13.1±3.4 and 19 healthy con-
trols of similar age showed that CRP, androgen, and plasminogen 
activator inhibitor type-1 (PAI-1) levels, insulin resistance indices 

were higher, and tissue plasminogen activator levels were statisti-
cally lower in PA group than controls. In this study, levels of TNF-α 
and IL-6 were higher in the PA group but were not statistically 
significant. Based on these findings, the authors speculated that 
adolescents with a history of PA may have subclinical inflamma-
tion and fibrinolytic abnormalities. The most important limitation 
of this study is the small number of cases, especially in the control 
group. Furthermore, the coexistence of pre-pubertal, pubertal, and 
post-menarchial cases was additional important limitation that may 
affect the results. On the other hand, Mauras et al. (23) showed 
that hs-CRP, IL-6, and PAI-1 were higher in obese pre-pubertal 
children than the non-obese peers, indicating the higher pro-in-
flammatory and prothrombotic state was independent of puberty. 
In our study, we similarly showed that IL-6 level is high in pre-pu-
bertal and non-obese children with PA.

Ibanez et al. (4) showed that TNF-α and CRP values in non-obese 
hyperinsulinemic and hyperandrogenemic adolescents (n=31, 
mean age 16 years) were significantly higher than the control 
group. However, the PA history of the patients was not questioned 
in this study. In another study, they showed that increased BMI 
and leptin levels were associated with low birth weight and insulin 
resistance in patients with PA in a study of 42 non-obese children 
and adolescents (24). It has also been shown that the PAI-1 levels 
of 33 PA girls (6–11 years old) were higher than the control group 
and suggested that a high level of PAI-1 in children with PA may be 
an indicator for PCOS development in their later life (25).

In our study, we also found that HOMA-IR, QUICKI, and FGIR 
values as an indicator of insulin resistance of the PA group were 
different from the control group. This finding was consistent with 
the previous studies (4, 26, 27). However, there were some studies 
showed that insulin resistance parameters were similar in cases 
with PA and their controls (28, 29).

CONCLUSION

The high IL-6 levels may be an indicator of chronic subclinical 
inflammation in PA cases. These children are at increased risk 
for MeS, and PCOS in their later life. Therefore, children with 
PA should be followed closely in terms of metabolic disorders. 
Prospective studies with an increased number of cases are need-
ed on this subject.

Ethics Committee Approval: The Cumhuriyet University Clinical Re-
search Ethics Committee granted approval for this study (date: 17.09.2020, 
number: 2020–09/03).

Informed Consent: Written informed assent and consent were obtained 
from all participants and their parents before any procedures.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – NÇ; Design – NÇ, GK; Supervision 
– NÇ; Resource – NÇ, GK, HOD; Materials – NÇ, HOD; Data Collection 
and/or Processing – GK; Analysis and/or Interpretation – NÇ, GK; Lit-
erature Search – NÇ, GK, HOD; Writing – NÇ; Critical Reviews – NÇ, 
GK, HOD.

Conflict of Interest: The authors have no conflict of interest to declare.

Financial Disclosure: The authors declared that this study has received 
no financial support.

S
en

si
tiv

ity

1 - Specificity

1.0

0.8

0.6

0.4

0.2

0.0

Figure 3. Receiver operating characteristic (ROC) curve of 
the IL-6 level on detection of Premature Adrenarche. The 
cutoff value was calculated as 2.06 with 72.7% sensitivity 
and 48.8% specificity (AUC=0.641, p=0.036)

1.00.80.60.40.20.0



Köylü et al. Subclinical Inflammation in Children with Premature AdrenarcheErciyes Med J 2022; 44(6): 603–7 607

REFERENCES

1. Rosenfield RL. Normal and premature adrenarche. Endocr Rev 2021; 
42(6): 783–814. [CrossRef]

2. Ibáñez L, Dimartino-Nardi J, Potau N, Saenger P. Premature adrenar-
che--normal variant or forerunner of adult disease? Endocr Rev 2000; 
21(6): 671–96. [CrossRef]

3. Mäntyselkä A, Jääskeläinen J, Lindi V, Viitasalo A, Tompuri T, Vouti-
lainen R, et al. The presentation of adrenarche is sexually dimorphic 
and modified by body adiposity. J Clin Endocrinol Metab 2014; 99(10): 
3889–94. [CrossRef]

4. Ibáñez L, Potau N, Chacon P, Pascual C, Carrascosa A. Hyperinsuli-
naemia, dyslipaemia and cardiovascular risk in girls with a history of 
premature pubarche. Diabetologia 1998; 41(9): 1057–63. [CrossRef]

5. Güven A, Cinaz P, Bideci A. Is premature adrenarche a risk factor for 
atherogenesis?. Pediatr Int 2005; 47(1): 20–5. [CrossRef]

6. Utriainen P, Jääskeläinen J, Gröhn O, Kuusisto J, Pulkki K, Vouti-
lainen R. Circulating TNF-Alpha and IL-6 concentrations and TNF-Al-
pha -308 G > A polymorphism in children with premature adrenarche. 
Front Endocrinol (Lausanne) 2010; 1:1–6. [CrossRef]

7. Mathew RP, Byrne DW, Linton MF, Vaughan DE, Fazio S, Russell 
WE. Evidence of metabolic syndrome in lean children with premature 
pubarche at diagnosis. Metabolism 2008; 57(6): 733–40. [CrossRef]

8. Livadas S, Dracopoulou M, Vasileiadi K, Lazaropoulou C, Magiakou 
MA, Xekouki P, et al. Elevated coagulation and inflammatory mark-
ers in adolescents with a history of premature adrenarche. Metabolism 
2009; 58(4): 576–81. [CrossRef]

9. Gabay C. Interleukin-6 and chronic inflammation. Arthritis Res Ther 
2006; 8(Suppl 2): S3. [CrossRef]

10. Scheller J, Chalaris A, Schmidt-Arras D, Rose-John S. The pro- and 
anti-inflammatory properties of the cytokine interleukin-6. Biochim 
Biophys Acta 2011; 1813(5): 878–88. [CrossRef]

11. Yao Z, Zhang Y, Wu H. Regulation of C-reactive protein conformation 
in inflammation. Inflamm Res 2019; 68(10): 815–23. [CrossRef]

12. Castro AR, Silva SO, Soares SC. The use of high sensitivity C-Reactive 
protein in cardiovascular disease detection. J Pharm Pharm Sci 2018; 
21(1): 496–503. [CrossRef]

13.	Icer	MA,	Yıldıran	H.	Effects	of	fetuin-A	with	diverse	functions	and	mul-
tiple mechanisms on human health. Clin Biochem 2021; 88: 1–10.

14. Hennige AM, Staiger H, Wicke C, Machicao F, Fritsche A, Häring HU, 
et al. Fetuin-A induces cytokine expression and suppresses adiponectin 
production. PLoS One 2008; 3(3): e1765. [CrossRef]

15. Stefan N, Hennige AM, Staiger H, Machann J, Schick F, Kröber SM, 
et al. Alpha2-Heremans-Schmid glycoprotein/fetuin-A is associated 
with insulin resistance and fat accumulation in the liver in humans. 
Diabetes Care 2006; 29(4): 853–7. [CrossRef]

16. Bundak R, Furman A, Gunoz H, Darendeliler F, Bas F, Neyzi O. Body 
mass index references for Turkish children. Acta Paediatr 2006; 95(2): 
194–8. [CrossRef]

17. Placzkowska S, Pawlik-Sobecka L, Kokot I, Piwowar A. Indirect insulin 
resistance detection: Current clinical trends and laboratory limitations. 
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub 2019; 
163(3): 187–99. [CrossRef]

18. Silfen ME, Manibo AM, McMahon DJ, Levine LS, Murphy AR, Ober-
field SE. Comparison of simple measures of insulin sensitivity in young 
girls with premature adrenarche: the fasting glucose to insulin ratio 
may be a simple and useful measure. J Clin Endocrinol Metab 2001; 
86(6): 2863–8. [CrossRef]

19. Sapunar J, Aguilar-Farías N, Navarro J, Araneda G, Chandía-Poblete 
D, Manríquez V, et al. High prevalence of dyslipidemia and high 
atherogenic index of plasma in children and adolescents. [Article in 
Spanish]. Rev Med Chil 2018; 146(10): 1112–2. [CrossRef]

20. Arrais RF, Dib SA. The hypothalamus-pituitary-ovary axis and type 1 
diabetes mellitus: a mini review. Hum Reprod 2006; 21(2): 327–37.

21. Utriainen P, Jääskeläinen J, Romppanen J, Voutilainen R. Childhood 
metabolic syndrome and its components in premature adrenarche. J 
Clin Endocrinol Metab 2007; 92(11): 4282–5. [CrossRef]

22. Escobar-Morreale HF, Luque-Ramírez M, González F. Circulating in-
flammatory markers in polycystic ovary syndrome: a systematic review 
and metaanalysis. Fertil Steril 2011; 95(3): 1048–58.e582. [CrossRef]

23. Mauras N, Delgiorno C, Kollman C, Bird K, Morgan M, Sweeten S, 
et al. Obesity without established comorbidities of the metabolic syn-
drome is associated with a proinflammatory and prothrombotic state, 
even before the onset of puberty in children. J Clin Endocrinol Metab 
2010; 95(3): 1060–8. [CrossRef]

24. Ibáñez L, Potau N, Ong K, Dunger DB, De Zegher F. Increased bone 
mineral density and serum leptin in non-obese girls with precocious 
pubarche: relation to low birthweight and hyperinsulinism. Horm Res 
2000; 54(4): 192–7. [CrossRef]

25. Ibáñez L, Aulesa C, Potau N, Ong K, Dunger DB, de Zegher F. Plas-
minogen activator inhibitor-1 in girls with precocious pubarche: a pre-
menarcheal marker for polycystic ovary syndrome?. Pediatr Res 2002; 
51(2): 244–8. [CrossRef]

26. Ibanez L, Potau N, Zampolli M, Prat N, Virdis R, Vicens-Calvet Eet 
al. Hyperinsulinemia in postpubertal girls with a history of premature 
pubarche and functional ovarian hyperandrogenism. J Clin Endocrinol 
Metab 1996; 81(3): 1237–43. [CrossRef]

27. Ibáñez L, Potau N, Zampolli M, Riqué S, Saenger P, Carrascosa A. Hy-
perinsulinemia and decreased insulin-like growth factor-binding protein-1 
are common features in prepubertal and pubertal girls with a history of 
premature pubarche. J Clin Endocrinol Metab 1997; 82(7): 2283–8.

28. Silfen ME, Manibo AM, Ferin M, McMahon DJ, Levine LS, Oberfield 
SE. Elevated free IGF-I levels in prepubertal Hispanic girls with pre-
mature adrenarche: relationship with hyperandrogenism and insulin 
sensitivity. J Clin Endocrinol Metab 2002; 87(1): 398–403. [CrossRef]

29. Meas T, Chevenne D, Thibaud E, Léger J, Cabrol S, Czernichow P, 
et al. Endocrine consequences of premature pubarche in post-pubertal 
Caucasian girls. Clin Endocrinol (Oxf) 2002; 57(1): 101–6. [CrossRef]

https://doi.org/10.1210/endrev/bnab009
https://doi.org/10.1210/edrv.21.6.0416
https://doi.org/10.1210/jc.2014-2049
https://doi.org/10.1007/s001250051030
https://doi.org/10.1111/j.1442-200x.2004.02006.x
https://doi.org/10.3389/fendo.2010.00006
https://doi.org/10.1016/j.metabol.2008.01.010
https://doi.org/10.1016/j.metabol.2008.12.002
https://doi.org/10.1186/ar1917
https://doi.org/10.1016/j.bbamcr.2011.01.034
https://doi.org/10.1007/s00011-019-01269-1
https://doi.org/10.18433/jpps29872
https://doi.org/10.1371/journal.pone.0001765
https://doi.org/10.1016/j.clinbiochem.2020.11.004
https://doi.org/10.2337/diacare.29.04.06.dc05-1938
https://doi.org/10.1111/j.1651-2227.2006.tb02206.x
https://doi.org/10.5507/bp.2019.021
https://doi.org/10.1210/jc.86.6.2863
https://doi.org/10.4067/S0034-98872018001001112
https://doi.org/10.1093/humrep/dei353
https://doi.org/10.1210/jc.2006-2412
https://doi.org/10.1016/j.fertnstert.2010.11.036
https://doi.org/10.1210/jc.2009-1887
https://doi.org/10.1159/000053258
https://doi.org/10.1203/00006450-200202000-00019
https://doi.org/10.1210/jcem.81.3.8772605
https://doi.org/10.1210/jc.82.7.2283
https://doi.org/10.1210/jcem.87.1.8143
https://doi.org/10.1046/j.1365-2265.2002.01579.x

