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SUMMARY 

 

Background: This study was performed to investigate the influence of insulin resistance (IR) on bone turnover 

markers in girls with idiopathic central precocious puberty (ICPP).  

Methods: One hundred and sixteen ICPP girls and 91 healthy girls were enrolled in this study. The levels of total 

procollagen type I N-terminal propeptide (P1NP), N-terminal midfragment of osteocalcin (N-MID), β-C-terminal 

telopeptide of type 1 collagen (β-CTX), insulin, and other biochemical parameters were detected.  

Results: The serum P1NP and β-CTX levels were significantly different between the non-IR and IR groups and 

the control group (p < 0.05). Serum N-MID was not significantly different among the groups (p > 0.05). The serum 

P1NP level was negatively correlated with vitamin D (r = −0.162, p < 0.05) and positively correlated with homeo-

static model assessment for IR (r = 0.160, p < 0.05).  

Conclusions: The influence of ICPP on bone turnover markers may be associated with IR for girls with ICPP. 

Strict blood glucose control and insulin regulation appear to play an extremely important role in restoring bone 

metabolism status in ICPP girls. 

(Clin. Lab. 2025;71:xx-xx. DOI: 10.7754/Clin.Lab.2024.240901) 
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INTRODUCTION 

 

The development of puberty is affected by many fac-

tors, including the environment and nutritional supple-

mentation [1]. Puberty is a period of positive bone re-

modeling activity, and bone development during puber-

ty has a crucial influence on peak bone mass and bone 

strength in adults [2]. Idiopathic central precocious pu-

berty (ICPP) is defined as activation of the hypothalam-

ic-pituitary-gonadal axis before the age of 8 years in 

girls and 9 years in boys [3]. Girls with ICPP show pre-

mature secretion of estradiol, which accelerates the pro-

gression of bone age and increases the risks of osteopo-

rosis and fractures in adulthood [4]. Bone turnover 

markers (BTMs) are widely used to predict bone metab-

olism dysfunction and monitor the treatment effect of 
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osteoporosis, because these markers provide valuable 

information on the rate of bone turnover [5,6]. In our 

previous study, we found that girls with ICPP had obvi-

ously abnormal bone metabolism compared with 

healthy girls of the same age. The level of serum pro-

collagen type I N-terminal propeptide (P1NP) was in-

creased and the level of serum β-C-terminal telopeptide 

of type 1 collagen (β-CTX) was decreased in girls with 

ICPP [7]. However, the reason for the abnormal bone 

development in girls with ICPP remains unclear. 

In recent years, the mechanism underlying the interac-

tion between glucose metabolism and bone metabolism 

has been gradually revealed. Multiple endocrine func-

tions of bones, other than those related to mineral me-

tabolism, such as regulation of insulin sensitivity, glu-

cose homeostasis, and energy metabolism, have been 

discovered [8]. Various bone-derived factors such as os-

teocalcin, osteoprotegerin, receptor activator of nuclear 

factor-κB ligand (RANKL), fibroblast growth factor 23, 

sclerostin, and lipocalin 2 have been found to be related 

to glucose metabolism [9]. Accumulating evidence sug-

gests that bone is an insulin target tissue and may be a 

determinant of glucose and energy homeostasis [10]. 

Diabetes or impaired glucose metabolism can affect 

bone health, leading to reduced bone formation, in-

creased bone marrow fat, and increased fracture risk 

[11,12]. The results of a recent cross-sectional study of 

female patients near the age of peak bone mass (18 – 19 

years) suggest that insulin resistance (IR) might mediate 

the link between adiposity and bone [13]. Another study 

showed that IR was associated with deficits in cortical 

bone size and estimated bending strength in boys and 

girls aged 9 to 13 years in the early stages of sexual 

maturation [14]. 

In addition, evidence indicates that girls with CPP have 

lower insulin sensitivity, increased compensatory insu-

lin secretion, and adverse lipid profiles at diagnosis 

[15]. Research on the relationship between IR, glucose 

metabolism, and BTMs in girls with ICPP remains 

scarce and inconclusive, clearly warranting further 

study. Therefore, to further observe whether bone me-

tabolism in girls with ICPP is related to IR, we selected 

girls with ICPP as the subjects of the present prelimi-

nary study and examined the correlation between BTMs 

and IR indicators. 

 

 

MATERIALS AND METHODS 

 

Patients 

The study was performed at our hospital from January 

2021 through June 2022. We initially enrolled 285 girls 

aged 5 to 9 years with precocious puberty. Out of these, 

we excluded girls who did not satisfy the diagnostic cri-

teria for CPP (n = 128) and those who had other dis-

eases or treatments with exogenous sex hormone drugs 

(n = 41). Ultimately, 116 girls with ICPP were included 

in the study (Figure 1). Another 91 healthy girls identi-

fied in the central health examination database with a 

matched age distribution were included as the control 

group (Figure 1). The 116 girls with ICPP were divided 

into the non-IR (NIR) group (n = 48) and the IR group 

(n = 68) according to a homeostatic model assessment 

for IR (HOMA-IR) of ≥ 2.69 [16]. Trained staff col-

lected all data, including gender, age, medical history, 

weight, height, body mass index (BMI), and bone age. 

The study protocol was approved by the Clinical Trial 

Ethics Committee of our hospital (no. 2020040). In-

formed consent was obtained from the parents of all 

girls before enrollment. All clinical investigations were 

conducted in accordance with the principles outlined in 

the Declaration of Helsinki. 

All patients in this study were confirmed to have ICPP. 

According to the 2015 guidelines of the Chinese Medi-

cal Association [17], a diagnosis of ICPP requires chil-

dren to meet all the following conditions simultaneous-

ly: (1) development of secondary sex characteristics be-

fore the age of 8 years in girls and 9 years in boys, with 

the same sequence of sexual development as in normal 

children; (2) higher annual growth rate than children of 

the same age and gender; (3) higher bone age relative to 

chronological age by at least 1 year; (4) increased size 

of uterus and ovaries and more than one ovarian follicle 

with a diameter of ≥ 4 mm on pelvic ultrasound in girls; 

and (5) hypothalamic-pituitary-gonadal axis activation. 

To confirm hypothalamic-pituitary-gonadal axis func-

tion activation, a gonadotropin hormone-releasing hor-

mone excitation test must show a luteinizing hormone 

peak level of ≥ 5.0 U/L and luteinizing hormone/folli-

cle-stimulating hormone peak ratio of > 0.6. 

The exclusion criteria were: evaluation by head magnet-

ic resonance imaging and evaluation of thyroid func-

tion, adrenal function, and other conditions, except for 

secondary CPP. Height and weight were measured by 

the same staff at the same location. Bone mineral den-

sity was assessed by dual X-ray absorptiometry. 

 

Biochemical parameters 

After an overnight fast, a 4-mL sample of venous blood 

was obtained from the patients. The serum was sepa-

rated by centrifugation and stored at −80°C for subse-

quent analysis. The serum P1NP, N-MID, and β-CTX 

levels were measured with an electrochemical lumines-

cence immunity analyzer (Cobas E411; Roche, Mann-

heim, Germany). The serum levels of fasting blood glu-

cose (FBG), total cholesterol, triglyceride, high-density 

lipoprotein cholesterol, and low-density lipoprotein 

cholesterol were measured using a clinical chemistry 

system (ADVIA 2400; Siemens AG, Munich, Ger-

many). Serum vitamin D (VitD) was measured by an 

immunoluminescence detector (Abbott i2000SR; Ab-

bott Laboratories, Chicago, IL, USA). Fasting insulin 

(FINS) was measured by an immunoassay system 

(ADVIA Centaur XP; Siemens AG). HOMA-IR was 

calculated using the following simplified equation: 

HOMA-IR = FBG × FINS/22.5 [18]. HOMA-IR of ≥ 

2.69 was defined as IR, and that of < 2.69 was defined 

as non-IR (NIR). Sample collection, transportation, sep-
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Table 1. Patients’ baseline clinical characteristics. 

 

Items Control group (n = 91) NIR group (n = 48) IR group (n = 68) 

CA (years) 8.00 (7.00 - 8.00) 8.00 (7.00 - 8.00) 8.00 (7.00 - 8.00) 

Height (cm) 124.50 (122.50 - 126.50) 131.40 (127.33 - 136.28) a 133.00 (128.51 - 137.38) a 

Weight (kg) 25.00 (23.00 - 26.50) 30.50 (25.00 - 35.63) a 29.00 (25.63 - 34.60) a 

BMI (kg/m2) 15.94 (15.00 - 16.91) 16.85 (15.71 - 19.40) a 16.42 (15.30 - 19.87) a 

 
a - Significantly different from the control group, b - significantly different from the NIR group. 

IR - insulin resistance, NIR - no insulin resistance, CA - chronological age, BMI - body mass index. 

 

 

 

 
Table 2. Blood biochemical characteristics. 

 

Items Control group (n = 91) NIR group (n = 48) IR group (n = 68) 

HDLC (mmol/L) 1.34 (1.27 - 1.62) 1.50 (1.25 - 1.85) 1.53 (1.27 - 1.77) a 

LDLC (mmol/L) 2.28 (2.12 - 2.72) 2.19 (1.90 - 2.71) 2.19 (1.93 - 2.61) 

TC (mmol/L) 3.79 (3.34 - 4.22) 3.88 (3.60 - 4.26) 3.80 (3.55 - 4.43) 

TG (mmol/L) 0.85 (0.67 - 1.16) 0.78 (0.67 - 1.07) 0.79 (0.68 - 1.08) 

VitD (ng/mL) 26.50 (22.60 - 30.60) 20.00 (17.35 - 23.30) a 21.00 (16.93 - 24.15) a 

FINS (μIU/mL) 7.37 (5.36 - 8.86) 8.04 (6.50 - 10.01) 20.86 (15.32 - 24.18) ab 

FBG (mmol/L) 5.03 (4.64 - 5.24) 4.64 (4.30 - 4.89) a 4.92 (4.69 - 5.12) b 

HOMA-IR 1.59 (1.18 - 2.08) 1.64 (1.30 - 2.00) 4.53 (3.47 - 5.44) ab 

 
a - Significantly different from the control group, b - significantly different from the NIR group. 

IR - insulin resistance, NIR - no insulin resistance, HDLC - high-density lipoprotein cholesterol, LDLC - low-density lipoprotein cholesterol, 

TC - total cholesterol, TG - triglycerides, VitD - vitamin D, FINS - fasting insulin, FBG - fasting blood glucose, HOMA-IR - homeostatic model 

assessment for insulin resistance. 

 

 

 

 
Table 3. Levels of BTMs. 

 

BTMs Control group (n = 91) NIR group (n = 48) IR group (n = 68) 

P1NP (ng/mL) 772.90 (602.60 - 1,022.00) 1,046.50 (817.20 - 1,196.35) a 944.35 (714.75 - 1,065.5) ab 

N-MID (pg/mL) 74.57 (57.49 - 90.45) 77.65 (62.64 - 87.36) 75.90 (63.06 - 88.49) 

β-CTX (ng/mL) 1,620.00 (1,400.00 - 1,940.00) 1,463.50 (1,058.50 -1,796.50) a 1,485.00 (1,200.00 - 1,850.00) a 

 
a - Significantly different from the control group, b - significantly different from the NIR group. 

BTM - bone turnover markers, IR - insulin resistance, NIR - no insulin resistance, P1NP - procollagen type I N-terminal propeptide, N-MID - 

N-terminal midfragment of osteocalcin, β-CTX - β-C-terminal telopeptide of type 1 collagen. 

 

 

 

 

aration, and storage were performed according to stan-

dard laboratory operating procedures. 

 

Statistical analysis 

Data were analyzed using SPSS software version 26.0 

(IBM Corp., Armonk, NY, USA). Data are presented as 

median (interquartile range). The Mann–Whitney U test 

was performed to test differences in BTMs and bio-

chemical parameters. Spearman’s correlation analysis 

was used to determine the associations between the var-

iables. A value of p < 0.05 was considered significant 

for all statistical analyses. 
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Table 4. Correlation analysis between bone turnover markers and insulin resistance. 

 

Items 
P1NP N-MID β-CTX 

r p r p r p 

CA 0.021 0.793 0.034 0.672 -0.008 0.925 

Height 0.163 * 0.040 0.096 0.230 -0.055 0.488 

Weight 0.083 0.297 0.065 0.413 -0.047 0.557 

BMI -0.052 0.516 0.004 0.963 -0.010 0.902 

HDLC 0.006 0.936 0.128 0.107 0.057 0.473 

VitD -0.162 * 0.041 -0.048 0.551 0.041 0.604 

FINS 0.155 0.051 -0.013 0.872 -0.231 ** 0.003 

FBG 0.013 0.866 0.028 0.731 0.011 0.886 

HOMA-IR 0.160 * 0.044 -0.005 0.947 -0.219 ** 0.005 

 

* - p < 0.05 was considered statistically significant. 

P1NP - procollagen type I N-terminal propeptide, N-MID - N-terminal midfragment of osteocalcin, β-CTX - β-C-terminal telopeptide of type 1 

collagen, CA - chronological age, BMI - body mass index, HDLC - high-density lipoprotein cholesterol, VitD - vitamin D, FINS - fasting insu-

lin, FBG - fasting blood glucose, HOMA-IR - homeostatic model assessment for insulin resistance. 

 

 

 

 

 

 

 
 

 
 

Figure 1. Flow chart of the study participants. 
 

MRI - magnetic resonance imaging, ICPP - idiopathic central precocious puberty. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4771126/figure/fig1/
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Figure 2. Differences in bone turnover markers between the groups. 

IR - insulin resistance, NIR - no insulin resistance, P1NP - procollagen type I N-terminal propeptide, N-MID - N-terminal mid-

fragment of osteocalcin, β-CTX - β-C-terminal telopeptide of type 1 collagen. 

 

 

 

 

RESULTS 

 

Clinical characteristics of IR and NIR groups 

The patients’ baseline clinical characteristics are shown 

in Table 1. There was no difference in chronological 

age among the groups (p > 0.05). The comparisons of 

weight, height, and BMI are shown in Table 1. 

 

Biochemical characteristics 

The serum VitD and FBG levels were significantly 

lower in the NIR than in the control group (p < 0.05). 

The serum levels of high-density lipoprotein cholester-

ol, VitD, and FINS were significantly different between 

the IR and control group (p < 0.05) (Table 2). 

 

Serum BTM levels 

Table 3 shows the BTM levels among the groups. The 

serum P1NP and β-CTX levels were significantly dif-

ferent between the NIR and IR groups and the control 

group (p < 0.05). The serum P1NP level was signifi-

cantly different between the IR and NIR groups (p < 

0.05). The serum N-MID level was not significantly dif-

ferent among the groups (p > 0.05). The differences in 

BTMs are compared in Figure 2. 

 

 

 

Correlation analysis between bone metabolism and 

IR 

As shown in Table 4, the serum P1NP level was nega-

tively correlated with VitD (r = -0.162, p < 0.05) and 

positively correlated with HOMA-IR (r = 0.160, p < 

0.05). N-MID had no significant correlation with HO-

MA-IR (p > 0.05). The serum β-CTX level was nega-

tively correlated with FINS level (r = -0.231, p < 0.05) 

and HOMA-IR (r = -0.219, p < 0.05). 

 

 

DISCUSSION 

 

IR can lead to a variety of chronic metabolic diseases, 

the most important of which are type 2 diabetes mellitus 

(T2DM) and metabolic syndrome. IR is also associated 

with several other diseases, including non-alcoholic 

liver disease, dyslipidemia, atherosclerosis, and certain 

cancers [19,20]. It is nowadays clear that IR is not in-

herited or a condition of unclear origin. IR is metabolic-

ally induced by the hormonal activity of the visceral 

lipid tissue, which is part of the development process of 

obesity. Basically, all of the so far identified > 200 adi-

pokines secreted in the lipid cell growth process act 

against insulin in glucose metabolism and induce other 

damage in parallel, such as e.g. angiotensin II (→ hy-

pertension) or proinflammatory cytokines, TNF-alpha, 

etc. (→ chronic systemic inflammation and atheroscle-

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4771126/figure/fig1/
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rosis) [21,22]. Studies have already shown that there is 

a correlation between cardiopulmonary health and bone 

turnover markers with inflammatory markers in adults 

with metabolic syndrome. However, there is currently 

almost no research on the correlation between cardio-

pulmonary health and bone turnover markers with in-

flammatory markers in children with precocious puber-

ty, which will be one of our future research directions. 

Although the mechanism of IR is unclear, research has 

shown that the severity of IR varies with increases in 

the BMI, waist circumference, and especially waist–hip 

ratio [23]. In the present study, weight, height, and BMI 

were significantly higher in the NIR and IR groups than 

in the control group (p < 0.05). The reason for this may 

be that lipotoxicity caused by obesity impairs insulin 

post-receptor signaling. Other factors involved in the 

development of IR include inflammatory factors, insulin 

antagonist hormones, advanced glycation end products, 

adipokines, and by-products of nutrient overload accu-

mulating in insulin target organs [19,24,25]. Studies 

have shown that in the development of IR, poor glyce-

mic control is correlated with excessive urinary calcium 

loss, with subsequent stimulation of chronic parathyroid 

hormone secretion and deleterious effects on the skele-

tal system [26]. 

Bone metabolism is a continuous remodeling or turn-

over process that depends on a tightly coupled balance 

between bone formation by osteoblasts and bone resorp-

tion by osteoclasts. BTMs are collagenous and non-col-

lagenous components released by osteoblasts or osteo-

clasts during the bone remodeling process. P1NP and 

N-MID secreted by osteoblasts are markers of bone for-

mation. β-CTX is regarded as a marker of bone resorp-

tion and osteoclast activity. These markers may provide 

a dynamic picture of changes in bone formation and re-

sorption, thus helping to identify changes in bone re-

modeling within a relatively short time interval [27]. 

P1NP is a specific indicator of bone formation, and the 

amount of P1NP in the blood is proportional to the abil-

ity of osteoblasts to synthesize collagen [28]. In the cur-

rent study, the serum level of P1NP was significantly 

different between the NIR and IR groups and the con-

trol group (p < 0.05). The serum P1NP level was nega-

tively correlated with the VitD (r = −0.162, p < 0.05) 

and positively correlated with HOMA-IR (r = 0.160, p < 

0.05). A recent study suggested that HOMA-IR was 

negatively correlated with P1NP in patients with T2DM 

[29]. Arikan Senay et al. [30] showed that among pa-

tients with T2DM, the bone mineral density was lower 

in those with more severe IR. The mechanism underly-

ing this difference may be that IR affects the anabolic 

response of bone tissue, leading to impairment of bone 

renewal, which adversely affects bone strength [31]. 

Studies have also shown a bidirectional relationship be-

tween insulin resistance and bone health. Bone turnover 

in the insulin resistant state may be affected by multiple 

factors, including local and systemic metabolic changes. 

For example, it has been shown that there is a complex 

relationship between insulin resistance and bone miner-

al density, and this relationship may be influenced by 

various factors such as age, gender, obesity, and diabe-

tes [32-35]. More research is needed in this area to fully 

understand these complex interactions and to explore 

potential therapeutic targets. 

β-CTX is the most widely used marker of bone resorp-

tion, serving as a sensitive indicator in situations where 

osteoblasts are apoptotic and type I collagen degrada-

tion occurs. This process leads to the generation of type 

I collagen crosslinks, providing a responsive measure of 

osteoclast activity [36,37]. Several studies have reveal-

ed lower β-CTX levels in individuals with T2DM than 

in individuals without T2DM [38,39]. The present study 

showed that the serum level of β-CTX was significantly 

lower in the NIR and IR groups than in the control 

group (p < 0.05). The serum β-CTX level was negative-

ly correlated with FINS level (r = -0.231, p < 0.05) and 

HOMA-IR (r = -0.219, p < 0.05). A study involving a 

mouse model of impaired hepatic insulin clearance 

showed that peripheral tissue IR and hyperinsulinemia 

can lead to bone resorption disorders. The mechanism 

may involve impairment of the RANKL pathway by IR, 

thereby affecting the recruitment and differentiation of 

osteoclasts [40]. 

N-MID is a proteolytic product of osteocalcin, which is 

more stable in peripheral blood than intact osteocalcin. 

Osteocalcin is derived from osteoblasts and reflects the 

rate of bone formation [41]. Compared with the first 

two markers, the relationship between N-MID and IR is 

much more complex. Studies have shown that the skele-

tal system regulates glucose metabolism through N-

MID [42]. N-MID can increase the proliferation of pan-

creatic cells and insulin expression in vitro, but the spe-

cific mechanism is not clear [43]. Hyperglycemia and 

IR can negatively affect the gene expression of osteo-

calcin [44]. In our study, we found no difference in N-

MID between the NIR and IR groups and the control 

group. We may need more in-depth studies to explore 

the relationship between N-MID IR. 

The two main strengths of our study are that, first, we 

used detailed inclusion and exclusion criteria to ensure a 

more precise sample population, and second, to the best 

of our knowledge, this is the first study to analyze the 

correlation between BTMs and IR in girls with ICPP. 

However, it also has some limitations, namely its small 

sample size and lack of Turner staging of the patients. 

Therefore, we will continue to expand the sample size 

for a follow-up study to more deeply explore the rela-

tionship between BTMs and IR in a larger population. 

In addition, the definition of IR through HOMA index 

alone is not sufficient. HOMA assumes that insulin is 

the only hormone that is capable of lowering glucose. 

However, when subjects have stage III ß-cell dysfunc-

tion, i.e. are also secreting proinsulin in addition to in-

sulin, the HOMA score is not correct [45]. Limitations 

of the HOMA-B score for assessment of beta-cell func-

tionality in interventional trials results from the PIO-

glim study [45]. Proinsulin can also lower glucose and 

is not measured by the insulin assays; hence, the 
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HOMA-score is always wrongly too low under these 

circumstances, and proinsulin should have been mea-

sured to obtain a clean NIR population. In any case, the 

HOMA score is insufficient to describe an IR popula-

tion. In future studies, in order to obtain more accurate 

research results, the minimal model assessment or hy-

perglycemic clamp can be added for evaluation. The as-

sociation between IR and obesity is well known. Studies 

have shown that obesity has an impact on children with 

precocious puberty, and we can further investigate the 

relationship between bone metabolism and obesity in 

girls with ICPP. Although the present results did not 

confirm a direct effect of IR on prediction of bone me-

tabolism or risk of fracture in girls with ICPP, strict 

blood glucose control and insulin regulation appear to 

play an extremely important role in restoring the bone 

metabolism status in girls with ICPP. 

 

 

CONCLUSION 

 

The bone formation level of P1NP was lower in the IR 

than in the NIR group among girls with ICPP but was 

higher than that in the control group. The serum β-CTX 

level was significantly different between the NIR and 

IR groups and the control group. No obvious difference 

in the N-MID level was found among the groups. The 

serum P1NP level, however, was found to be positively 

correlated with HOMA-IR. Large-scale clinical studies 

are required to clarify the specific mechanisms underly-

ing the present observations. 
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