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Abstract

Objective: The objective of this study is to investigate the role of serum irisin level in
diagnosis of central precocious puberty (CPP) in girls and its major determinants.
Methods: This study was conducted in 67 girls with CPP, 19 girls with premature thelarche
(PT) and 59 normal controls. The major determinants of irisin were assessed by
multivariate linear regression (MLR) analysis. Propensity score matching (PSM) analysis
was performed to minimize the bias that can result from BMI. A receiver operating
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characteristic curve was used to obtain the optimal threshold value of irisin.

Results: The girls with CPP and PT had higher irisin levels than controls (P < 0.05). The
optimal cutoff value of irisin levels for predicting CPP was 91.88 ng/mL, with a sensitivity
of 70.1% and a specificity of 72.9%. MLR analysis showed that BMI was a predictor of
irisin (P < 0.05). Serum irisin levels remained higher in the CPP girls than the controls

with adjustment for BMI (P < 0.05).

Conclusions: Increased serum irisin levels with CPP suggest that irisin is involved in puberty.

However, due to low sensitivity and specificity, irisin level can only be used as an auxiliary

indicator rather than a single diagnostic indicator of CPP.
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Introduction

Central precocious puberty (CPP) is thought to be the
early onset of puberty caused by premature reactivation
of the hypothalamic-pituitary-gonadal axis (HPGA). It is
a common pediatric endocrine disorder characterized by
rapid development of internal and external reproductive
organs and secondary sexual characteristics before the age
of 8 in girls and 9 in boys (1). In recent years, the age of
puberty initiation has been declining all over the world,
paralleled by the increasing incidence of precocious
puberty (2, 3, 4). There has also been an increase in
the rate of visits to patients with precocious puberty
during the lockdown for the COVID-19 pandemic (5, 6).
Children with early puberty may suffer accelerated skeletal
maturation and impaired adult height. Early puberty

development may also cause early menarche in girls.
Moreover, early development and maturation of secondary
sexual characteristics may lead to psychological problems
or abnormal social behavior (1).

But the exact reasons that lead to the causation of
early puberty are still unclear. Puberty is a complex and
sophisticated developmental event in which many central
and peripheral endocrine mediators are involved. These
include nutritional and metabolic factors, including
leptin, adiponectin, ghrelin, and insulin, which are known
to have an impact on puberty initiation (7). It is known
that obese boys and girls tend to undergo an earlier timing
of puberty (8). A certain threshold of body fat stores (i.e.
energy reserves) needs to be achieved in order to progress
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through puberty and reach reproductive capacity (9).
At present, the diagnostic markers of CPP are still being
explored, and some nutritional metabolic factors (such
as leptin, adipokines, insulin-like growth factor-1 (IGF-1),
insulin) have shown potential roles in the diagnosis of CPP
(10, 11, 12). Recently, Kutlu et al. (13) reported the role of
another novel adipomyokine, irisin, in the diagnosis of
CPP, and their study implied that increased irisin levels
might be useful as a diagnostic marker of CPP. However,
how irisin is involved in the initiation of puberty and
whether it can be used as a reliable marker for the diagnosis
of CPP remains to be further explored.

In this study, we focused on the changes of serum irisin
levels in girls with CPP, PT and controls in order to explore
the role of irisin in the diagnosis of CPP.

Materials and Methods
Ethics

This study conformed to the Declaration of Helsinki and
was approved by the Scientific Ethics Committee of The
First Affiliated Hospital of Guangxi Medical University in
Nanning, China (2021 (KY-E-307)). Informed consent was
obtained from all subjects.

Patients

This study was conducted from September 2019 to August
2021 in the First Affiliated Hospital of Guangxi Medical
University (Nanning, China). A total of 67 girls with CPP
and 19 girls with PT who were followed up on time with
comprehensive data were enrolled. During the same
period, 59 age-matched prepubertal healthy girls who
were in attendance for routine checkups were recruited as
normal controls. The clinical criteria for a full diagnosis of
CPP refer to the Consensus statement for the diagnosis and
treatment of central precocious puberty (2015) (1): (1) breast
development before 8 years of age; (2) accelerated linear
growth rate (>6 cm/year); (3) progressive bone age (BA) 1
year more than chronological age (CA); (4) the peak level
of luteinizing hormone (LH) (PLH) after gonadotrophin-
releasing hormone (GnRH) simulation > 5 IU/L. PT was
diagnosed when the girls satisfied the following criteria:
(1) early breast budding before 8 years old; (2) without the
presence of other pubertal signs such as accelerated growth
velocity, menarche, advanced bone age and pubic hair;
(3) the PLH after GnRH simulation < 5 IU/L. In addition,
girls with thyroid disease, central organic brain disease,
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congenital adrenal hyperplasia or a history of treatment
may affect gonadotropins were excluded, as well as patients
with other chronic medical conditions.

Evaluation of anthropometric and
laboratory measurements

In all individuals, height, weight and Tanner staging for
breast development were measured by an experienced
pediatric endocrinologist. BA and uterine and ovarian
ultrasounds were performed in girls with CPP and PT. BMI
was calculated as weight (kg) /height (m)>2.

The GnRH stimulation test was carried out by
subcutaneously injecting 2.5 ug/kg (up to 100 ug) of
triptorelin (Ferring GmbH), and blood samples were
collected repeatedly at baseline and 30, 60, 90 and 120 min
after the injection for gonadotropin measured. Girls with
PLH values > 5 IU/L were considered as activation of the
hypothalamic-pituitary-ovarian axis. Serum LH, estradiol
(E2), follicle-stimulating hormone (FSH) and insulin were
tested using a chemiluminescence immunometric assay
(Mindray, CL-2000i, Shenzhen, China). Homeostasis
model assessment of insulin resistance (HOMA-IR) was
calculated as insulin (uWIU/ml) x fasting blood glucose
(mmol/L)/22.5. Irisin levels were measured by ELISA
(Human Irisin Elisa Kit, CUSABIO, Wuhan, China), and
the minimum detectable irisin level was 0.78 ng/mL.
The corresponding intra- and inter-assay coefficients of
variation were <8 and <10%.

Statistical analysis

Student’s t-test and AVOVA were performed to compare
normally distributed variables. Mann-Whitney U and
Kruskal-Wallis H tests were used to compare non-normally
distributed variables. Spearman’s correlation analysis was
carried out to determine the correlation between irisin and
other parameters for the cohort as a whole. Multivariate
linear regression analysis was established to investigate
major determinants of serum irisin levels. Patients with
CPP were matched to controls by using propensity score
matching analysis to minimize the potential bias that
could be caused by BMI. 1:1 nearest neighbor matching
without replacement was performed with a caliper set
at 0.01. Receiver operating characteristic (ROC) analysis
was established to obtain the best cutoff value for irisin
to predict CPD, as well as the calculations for sensitivity
and specificity. All data analyses were conducted by IBM
SPSS statistical software version 25.0, and differences were
considered to be statistically significant when P < 0.05.
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Results
Anthropometric and laboratory measurements

This study included 67 patients with CPD, 19 patients with PT
and 59 healthy prepubertal controls (mean age: 7.55 £ 1.39
vs 7.34 £ 1.04 vs 7.61 £ 0.92 years respectively; P = 0.677). As
shown in Table 1, the serum irisin levels were shown to be
highest in girls with CPP and lowest in prepubertal controls.
When the groups were compared, serum irisin levels were
significantly higher in girls with CPP and PT than in the
controls (P < 0.05), while there was no statistical significance
in irisin level between the CPP and PT groups (P > 0.05).
Moreover, the height, BMI, basal LH, basal FSH and E2 levels
were significantly higher in CPP girls when compared to
the controls (P < 0.05). Additionally, the height, weight,
BA advancement, basal and peak LH and FSH, IGF-1 and
insulin were higher in CPP compared to the PT group (P <
0.05). BMI and E2 in CPP group were higher than those in
PT group, with no significant differences (P > 0.05) (Table 1).

ROC analysis

Based on ROC curve analysis, the area under curve (AUC)
of irisin to differentiate between CPP and prepubertal
controls was 0.757 (95% CI: 0.674-0.841; P < 0.0001).
The irisin level of 91.88 ng/mL provided the most
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appropriate level with a sensitivity of 70.1% and specificity
of 72.9% (Fig. 1).

Correlation analysis

The irisin levels showed positive correlations with age, BA,
BA-CA, height, weight, BMI, ovarian volume, E2, basal LH,
basal FSH, peak LH, P-LH/P-FSH, IGF-1, insulin, GLU and
HOMA-IR for the cohort as a whole (P < 0.05). However, no
correlation was found between irisin and uterine volume
and peak FSH values (P > 0.05) (Table 2).

Multivariate linear regression analysis

Multivariate linear regression analysis indicated
that only BMI was a predicting factor of irisin levels
(P < 0.05), whereas other parameters had no impact on
irisin levels (Table 3).

Propensity score matching analysis

Forty-eight propensity-score matched pairs of CPP and
prepubertal controls were identified. We found that serum
irisin levels remained higher in CPP girls when compared
to the prepubertal group after matching BMI by using
propensity score matching analysis (P < 0.05) (Table 4).

Table 1 Anthropometric and laboratory characteristics of the study groups.

Parameters NC (n=59) PT (n=19) CPP (n=67) P

CA (years) 7.61+0.92 7.34+1.04 7.55+1.39 0.677
BA (years) - 7(7,7.5) 9(7.5, 10)2 0.000¢
BA-CA (years) - —0.2(-0.84,0.61) 1.1 (0.52, 1.84)? 0.000¢
Height (cm) 123.20 £ 6.09 122.65 + 6.80 129.78 + 11.18% 0.000¢
Weight (kg) 22.4(20.7, 25.0) 23.9(20.2, 26.4) 27.1(23.3,32.1)%® 0.000¢
BMI (kg/mz) 14.9 (14.26, 15.42) 2 15.75 (14.48, 16.48) 15.87 (14.75, 17.19)° 0.000¢
Uterus volume (mL) - 1.50 (0.69, 2.87) 2.72(1.63,4.73)? 0.002¢
Ovarian volume (m) - 1.83(1.44, 2.48) 2.24(1.43,4.11) 0.155
E2 (pmol/L) 59.26 (23.75, 77.53)2 92.16 (47.64, 104.92) 108.30 (73.82, 158.63)P 0.000¢
B-LH (IU/L) 0.11 (0.06, 0.16) 0.11(0.05, 0.17) 1.00 (0.30, 2.14)® 0.000¢
P-LH (IU/L) - 3.64 (2.75, 4.32) 15.18 (9.13, 33.99)? 0.000¢
B-FSH (1U/L) 1.72(1.31, 2.16) 2.10(1.51, 2.60) 3.73(2.41,5.71)® 0.000¢
P-FSH (IU/L) - 13.34(11.31, 15.68) 17.69 (12.57, 23.47)? 0.039¢
P-LH/P-FSH - 0.27 (0.18, 0.34) 1.11(0.63, 1.87)? 0.000¢
IGF-1 (nmol/L) - 31.46 (24.32, 38.98) 43.49 (32.53, 52.87)? 0.002¢
Insulin (pmol/L) - 8.14 + 4.85 12.34+6.212 0.034¢
GLU (mmol/L) - 461 +0.33 4.46 +0.44 0.300
HOMA-IR - 1.74 +£0.98 2.53+1.31 0.068
Irisin (ng/ml) 61.8(38.9,97.17)2 100.28 (68.06, 170.63) 159.23 (77.12, 289.46)° 0.000¢

Values are expressed as mean standard deviation (s.0.) for normally distributed variables or expressed as median (interquartile ranges) for non-
normally distributed variables. Statistical significance is represented as “among three groups P < 0.05, 2vs. PT group P < 0.05 and Pvs NC group P < 0.05.
B-, base; BA, bone age; BA-CA: bone age advancement; CA, chronological age; CPP, central precocious puberty; E2, estradiol; FSH, follicle stimulating

hormone; GLU, fasting glucose; HOMA-IR, homeostasis model assessment of insulin resistance; IGF-1, insulin-like growth factor-1; LH, luteinizing

hormone; NC, normal control; P-, peak; PT, premature thelarche.
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Figure 1

The AUC for identifying the girls with or without CPP was 0.757 (95% Cl:
0.674-0.841; P <0.0001). An irisin level of 91.88 ng/mL was found to be
the most appropriate with a sensitivity of 70.1% and specificity of 72.9%.

Table 2 The correlation analysis between the serum irisin
level and anthropometric and biochemical characteristics.

Parameters n R value P

CA (years) 145 0.169 0.0432
BA (years) 86 0.330 0.002°
BA-CA (years) 86 0.317 0.0032
Height (cm) 145 0.447 0.0002
Weight (kg) 145 0.644 0.0002
BMI (kg/m?) 145 0.681 0.0002
Uterus volume (mL) 84 0.441 0.236
Ovarian volume (mL) 86 0.236 0.0282
E2 (pmol/L) 145 0.383 0.000°
B-LH (IU/L) 145 0.434 0.0002
B-FSH (1U/L) 145 0.307 0.0002
P-LH (IU/L) 86 0.213 0.0492
P-FSH (IU/L) 86 -0.112 0.303
P-LH/P-FSH 86 0.319 0.003°
TG (mmol/L) 74 0.476 0.0002
IGF-1 (nmol/L) 72 0.395 0.0012
Insulin (ng/mL) 59 0.453 0.0002
GLU (mmol/L) 56 0.311 0.020°
HOMA-IR 56 0.420 0.0012

The correlation coefficient was calculated with Spearman correlation
analysis. ?Statistical significance is represented as P < 0.05.

B-, baseline; BA, bone age; BA-CA: bone age advancement; CA,
chronological age; E2, estradiol; FSH, follicle stimulating hormone; GLU,
fasting glucose; HOMA-IR, homeostasis model assessment of insulin
resistance; IGF-1: insulin-like growth factor-1; LH, luteinizing hormone; P-,
peak; TG: triglyceride.
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In the present study, we demonstrated that serum irisin
levels in CPP and PT girls were higher than the healthy
controls, indicating that irisin might be involved in
the onset of HPGA in puberty. Previous in vitro studies
showed that irisin may not only interfere with GnRH
stimulation of LH and significantly stimulate E2 secretion
in human ovarian granulosa cells but may also interfere
with insulin’s stimulatory effect on E2 production (14).
Animal experiments revealed that chronic irisin exposure

Discussion

might lead to disorders in the female reproductive system
and had androgenic potential on the HPGA in males and
stimulated the expression and release of GnRH in mouse
hypothalamic cells (15, 16). Both in vitro studies and animal
experiments suggested that irisin could stimulate GnRH
secretion, which supported our conclusion that the level of
irisin in CPP girls was higher than thatin the control group.
In addition, Reinehr et al. (17) also found that the irisin
levels were significantly lower in prepubertal compared to
pubertal obese children. Therefore, our conclusion that the
level ofirisin in CPP girlswas higher than thatin prepubertal
control group had also been supported in human studies.
Moreover, our study showed serum irisin level was
significantly higher in PT than in the control group. PT is
defined as isolated breast development before age 8 in girls
without other secondary sexual characteristics (18). So far,
the exact cause of PT remains unclear and may be related to
transient partial activation of the HPGA and the increased
sensitivity of the breast to estrogen (18, 19). In vitro studies
suggested that irisin significantly stimulated E2 secretion
of human ovarian granulosa cells, which supported our
conclusion that the level of irisin in girls in PT group was
higher than that in control group. Nevertheless, we found
no differences in irisin levels between CPP and PT girls,
which was inconsistent with Kutlu’s result (13). At present,
the mechanism of early puberty induced by irisin might
be related to the stimulation of GnRH and E2 secretion,
which were not targeted in CPP and PT girls. The changes
of irisin level in CPP and PT girls need to be further verified
by expanding the sample size or further studies.

Previous studies (13, 17) and our study have suggested
that irisin levels will increase at puberty, but another
question waiting to be addressed is whether irisin can be
usedforthediagnosisof CPP?Inourstudy, theareaunderthe
receiver operating characteristic curve to identify the girls
with or without CPP was 0.757. The optimal cut-off value
of irisin concentration was 91.88 ng/mL and the sensitivity
and specificity was 70.1% and 72.9%, respectively. Due to
its low sensitivity and specificity, serum irisin level could
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Table 3 Determinants of serum irisin level by multivariate linear regression analysis.

Unstandardized coefficients

Standardize coefficients

Variables B Std. Error Beta t P
(constant) —663.131 249.131 —2.662 0.0112
Bone age (years) —12.264 12.941 -0.199 —0.948 0.349
Height (cm) 1.056 2.419 0.092 0.437 0.665
BMI (kg/m?) 33.995 7.218 0.527 4,710 0.000°
B-LH (1U/L) -7.164 19.946 -0.092 —0.359 0.721
P-LH (IU/L) —-.068 1.816 -0.015 —-0.037 0.970
B-FSH (IU/L) 16.769 9.911 0.294 1.692 0.098
P-FSH (1U/L) -3.385 2.771 -0.224 -1.222 0.228
PLH/PFSH 34.087 34.126 0.303 0.999 0.323
E2 (pmol/L) 0.012 0.427 0.003 0.027 0.978
GLU (mmol/L) 42.041 30.522 0.165 1.377 0.176
HOMA-IR 1.593 1.486 0.131 1.072 0.290

Dependent variable: irisin. 2Statistical significance is represented as P < 0.05.

B-, baseline; E2, estradiol; FSH, follicle stimulating hormone; GLU: fasting glucose; HOMA-IR, homeostasis model assessment of insulin resistance; LH,

luteinizing hormone; P-, peak.

only be used as an auxiliary indicator rather than a single
indicator in diagnosis of CPP. Additionally, there was no
difference in irisin level between CPP and PT patients, thus
serum level is unable to provide reliable diagnostic value
on differentiating CPP from PT, which might be related to
the small sample size of PT group.

Besides, we found that irisin level was positively
correlated with BA, BA-CA, height, BMI, ovarian
volume, E2, basal LH, basal FSH, peak LH, P-LH/P-FSH,
IGF-1, insulin, GLU and HOMA-IR for the cohort as a
whole. In previous studies of both adults and children
(20, 21, 22, 23, 24, 25), circulating irisin levels were
positively correlated with BMI and fat mass, while
the relationship between irisin and other metabolic
indexes (such as insulin, cholesterol, adiponectin and
HOMA-IR) were inconsistent. Earlier studies suggested
that lower circulating irisin was associated with type 2
diabetes mellitus (26). In contrast, increased levels of

Table4 Anthropometric and laboratory parameters of the
CPP and NC groups after propensity score matching analysis.

Parameters NC (n=48) CPP (n=48) P
CA (years) 7.54 £0.88 7.41+£1.54 0.619
BMI (kg/m?) 1499 £ 1.15 15.23+1.23 0.325
E2 (pmol/L) 47.24(22.24,71.98) 100.11(71.83,157.38) 0.000?
B-LH (IU/L) 0.12(0.07, 0.15) 0.75(0.23, 1.77) 0.0002
B-FSH (IU/L)  1.79(1.42, 2.18) 3.33(2.00, 5.68) 0.000*
Irisin (ng/L) 58.83(38.96,95.12) 110.36(59.22,220.33) 0.002°2

Values are expressed as mean standard deviation (s.0.) for normally
distributed variables or expressed as median (interquartile ranges) for
non-normally distributed variables. 2Statistical significance is represented
as P <0.05.

B, baseline; CA, chronological age; CPP, central precocious puberty; E2,
estradiol; FSH, follicle stimulating hormone; LH, luteinizing hormone; NC,
normal control.

circulating irisin appears to be linked with improved
glucose homeostasis by reducing insulin resistance (27),
indicating irisin performs a possible compensatory role in
glucose homeostasis regulation.

Furthermore, multivariate linear regression analysis
showed that BMI was an independent influencing factor of
irisin level in our study. Data originating from systematic
reviews and epidemiological surveys demonstrated that
girls with an excessive increased BMI were more likely to
suffer from early puberty (28) and BMI standard deviation
scores were significantly associated with PT in girls
between the ages 4 and 8 (29). Of note, serum irisin levels
remained significantly higher in CPP girls when compared
to the prepubertal controls with adjustment for BMI in the
present study. Thus, in addition to BMI, another factor that
affects irisin levels was puberty, but whether irisin causes
the initiation of puberty through modulation of adipose
tissue or through other ways remains to be further clarified.

In conclusion, our preliminary study suggests that
serum irisin levels increased in girls with CPP and PT, but
it is not a reliable biomarker to distinguish patients with
CPP from those with PT and age-matched prepubertal
controls. In addition, the relationship between irisin and
BMI and how the hormone participates in the adipose
tissue regulatory network deserve to be further explored.
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