
Bone density and timing of puberty in a longitudinal study of 
girls

Ashley M Cattrana, Heidi J Kalkwarf, PhD, RDb, Susan M Pinney, PhDc, Bin Huang, PhDd, 
and Frank M Biro, MDe

aUniversity of Cincinnati College of Medicine, Cincinnati, Ohio, USA

bDivision of General and Community Pediatrics, Cincinnati Children’s Hospital Medical Center; 
and Department of Pediatrics, University of Cincinnati College of Medicine, Cincinnati, Ohio, USA

cDepartment of Environmental Health, University of Cincinnati College of Medicine, Cincinnati 
OH, USA

dDivision of Biostatistics and Epidemiology, Cincinnati Children’s Hospital Medical Center; and 
Department of Pediatrics, University of Cincinnati College of Medicine, Cincinnati, Ohio, USA

eDivision of Adolescent and Transition Medicine, Cincinnati Children’s Hospital Medical Center; 
and Department of Pediatrics, University of Cincinnati College of Medicine, Cincinnati, Ohio, USA

Abstract

Study Objective—Primary: To examine the relationship between relative timing of puberty 

with bone mineral density (BMD) in a group of adolescent girls; Secondary: To determine if 

family history of breast cancer was associated with bone mineral density.

Design/Setting/Participants—Longitudinal study of girls recruited between 6 and 7 years of 

age seen every 6 months for 5 years, and subsequently seen annually. BMD of the lumbar spine 

was measured by dual-energy X-ray absorptiometry (DXA) at mean age of 12.5 years; age- and 

race-specific Z-scores (BMDz) were calculated. Age of pubertal onset was determined by the first 

occurrence of breast stage 2, and participants were categorized into race-specific early, on-time 

and late puberty onset groups.

Main Outcome Measures—BMDz by timing of pubertal onset, and by family history of breast 

cancer.

Results—DXA scans were performed on 227 study participants, and a second scan was 

performed on 114 two years later. Age of onset of puberty was inversely correlated with BMDz, 

r=−0.31 (p<0.0001). There was no association between BMDz and family history of breast cancer.
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Conclusions—Earlier timing of puberty was associated with higher BMD. The high shared 

variance of BMD and timing of pubertal onset implies an underlying biologic basis.
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INTRODUCTION

Puberty is a period of rapid change in both breast tissue and bone. The pathways involved in 

their development are complex and share several biologic factors, including insulin-like 

growth factor-1 (IGF-1) and the sex steroids. Associations have been reported independently 

between high bone mineral density (BMD) and an increased risk of breast cancer,1–4 as well 

as earlier age of menarche and an increased risk of breast cancer.5–7 Puberty represents a 

window of susceptibility for breast cancer.8 Further examination of the relationship between 

pubertal timing and BMD could provide important insights into breast cancer pathogenesis.

Peak bone mass and density in women are largely established during puberty. It has been 

reported that nearly 40% of total body bone mineral accrual occurs in the two years before 

and two years after peak height velocity during the pubertal growth spurt.9,10 Peak bone 

mineral content and density are reached in young women by 18 to 20 years of age.9

The purpose of this study was to examine the relationship between relative timing of puberty 

and BMD in a group of adolescent girls, and determine if family history of breast cancer was 

associated with BMD during puberty.

METHODS

The participants in the study were a subset of a larger cohort of girls enrolled in a 

longitudinal epidemiologic study of pubertal maturation, as part of the Cincinnati site of the 

Breast Cancer and the Environment Research Program (BCERP). The projects of the 

BCERP have been conducted through three sites: Mount Sinai School of Medicine, Kaiser 

Permanente of Northern California, and Cincinnati Children’s Hospital Medical Center/

University of Cincinnati College of Medicine. Study aims and design have been described in 

detail elsewhere.11 To summarize, the participants at the Cincinnati site were recruited 

through public and parochial schools in the greater Cincinnati metropolitan area as well as 

through the Breast Cancer Registry of Greater Cincinnati. Participants were recruited 

between 6 and 7 years of age, and the enrollment process at the Cincinnati site lasted 19 

months. Girls were seen every six months between 2004 and 2010, and thereafter every 12 

months, with a visit window of 4 weeks. This study was approved by the Institutional 

Review Board of Cincinnati Children’s Hospital Medical Center. Informed consent was 

obtained from parents or guardians, and assent from participants.

There were 227 study participants included in these analyses. 143 girls were white, and 84 

girls were black. A limited number of female staff were trained and certified in assessment 

of pubertal maturation, utilizing the criteria established by Marshall and Tanner for breast 

maturation, with palpation.12
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Family history of breast cancer was gathered from a questionnaire administered to the 

parent/guardian in years 1 and 5 of the study. The parent/guardian was asked which first and 

second degree biological relatives of the participant had been diagnosed with breast cancer.

BMD was determined at the lumbar spine via dual-energy X-ray absorptiometry (DXA), on 

the Hologic QDR 4500A. Technicians were certified in performing these scans by the 

International Society for Clinical Densitometry. Calibration of the DXA scanner was 

assessed by daily scanning of a phantom, which would immediately indicate any machine 

malfunction. The coefficient of variability (CV) of the phantom scan results were calculated 

monthly and monitored for any change in machine performance over time. The mean 

longitudinal CV over a period of 3 years (n=971 scans) of the spine phantom was 0.4%. 

DXA results were standardized for age and race, and lumbar spine results were reported as 

BMD z-scores (BMDz). Of note, DXA was performed only at the Cincinnati site.

Statistical analysis

The age of pubertal onset was determined by the first occurrence of breast stage 2 or above 

during the study. We categorized study participants into race-specific early, on-time and late 

onset groups using the sample percentiles of 20% and 80%, yielding three groups- early 

(20%), on-time (60%), and late (20%). We compared the BMD z-score from the initial DXA 

scan between the three pubertal onset groups, and in separate analyses, the participants’ 

family history of breast cancer, using one-way ANOVA. Linear regression equations were 

used to model the relationship between the BMD z-score with the age of pubertal onset 

group, adjusted for participant’s pubertal stage at the time of the DXA scan, race and family 

history of breast cancer; these analyses were conducted separately for BMDz results from 

the initial and the subsequent DXA scans. Rank-based Spearman’s correlations were 

reported for BMD z-score with the age of pubertal onset group.

RESULTS

The initial DXA scans were performed in study year 6 on 227 of the 268 (84.7%) 

participants who remained of the original cohort; 114 of these 227 participants (50.2%) had 

a second scan two years later (mean 717 days). The mean age of the first DXA scan was 

12.5 years. Nearly all (93.9%) were pubertal (breast stage 2 or greater), and 73.6% were 

breast stages 3 through 5 at the time of the first scan. There was a high correlation between 

BMDz scores from the first and second DXA scans in those with two scans (r=0.914, 

p<0.0001). Black participants had a slightly higher mean BMD z-score than white 

participants, but the result was not statistically significant (0.29 vs. 0.16, p = 0.40).

The participants were placed into three categories, based on race-specific age of pubertal 

onset. Among white participants, early maturers entered puberty under 7.67 years and late 

maturers over 9.94 years. Among black participants, early maturers entered puberty under 

7.25 years and late maturers over 9.39 years of age. Our analysis revealed that age of onset 

of puberty was highly associated with BMDz, r=−0.32 (p<0.0001) (Figure 1). There was a 

strong, inverse relationship between earlier onset of puberty and higher bone density, and 

timing of pubertal onset accounted for 10.2% of the variance. When adjusting for pubertal 

stage, the amount of variance accounted by timing of pubertal onset was 7.8%. When re-
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examining the relationship between BMD and timing of pubertal onset, using DXA 

measurements obtained two years later, the association between age at onset of puberty and 

BMDz was still highly significant (r =−0.29, p<0.0001).

There were 8% of participants who had a mother, and an additional 20% with a biologic 

aunt or grandmother diagnosed with breast cancer. There was no significant association of 

family history of breast cancer on bone mineral density (BMD z-score 0.25 vs. 0.14, p = 

0.58).

DISCUSSION

This longitudinal study demonstrated earlier timing of puberty was associated with higher 

BMD, and relative timing of pubertal onset accounted for 10% of the variance in BMD. This 

study extends the evidence in the literature that BMD and age of puberty are associated. 

Gilsanz et al. reported that age of onset of puberty was a negative predictor of bone mass at 

all skeletal sites measured at the time of skeletal maturation.13 Whole body bone mineral 

content was 6% higher in early maturing girls compared to on-time girls. Of note, they used 

only the study participants at skeletal maturity, and who began and completed puberty 

during the protocol, which represented 10% of the cohort. This is in contrast to our study in 

which the retained cohort was represented, and included a larger sample size. Similarly, 

Jackowski et al. reported that early maturation in girls leads to the deposition of 3–4% 

greater total body bone mineral content at 20 years of age.14

A major limitation of our study was that our model did not examine bone density at the time 

of a woman’s peak bone density, which occurs in late teens or early twenties.9 This 

potentially may lead to confounding, as girls with later puberty may have lower BMD at 

younger ages, but accrue additional bone mineral content in late puberty.15 However, it is 

unlikely that later maturing girls will experience enough additional bone mineral to 

completely resolve the differences we noted. For example, although age and sexual 

maturation were associated with decreased tracking of BMD in a longitudinal cohort, high 

tracking persisted after adjusting for age and maturation effects.16 Additionally, BMD 

tracked highly between DXA scans performed two years apart in our pubertal cohort. 

Magarey et al. have reported bone mineral content increases between ages 11 and 15, at 

which age they have achieved 85% of their adult bone content.10 An additional DXA scan 

once BMD levels plateau would reinforce these findings, but we believe the high correlation 

noted between age of onset of puberty and BMD would remain in our participants.

There have been several studies reporting that earlier onset of puberty, as well as higher 

bone density, independently increase the risk of breast cancer.2–7,15 Given the high shared 

variance of bone density and timing of pubertal onset, and association of both to breast 

cancer, there likely exists a common biologic pathway. Genome-wide association studies 

(GWAS) have estimated that 50–85% of variance in BMD is heritable.17 Similarly, 50–80% 

of the variance in age of puberty can be explained by genetic factors.18 As an example of 

genetic explanation of a phenotypic observation, a specific gene has been identified that 

associates greater body mass index (BMI) and timing of puberty.19 Although our results do 
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not conclusively link BMD and pubertal onset with a breast cancer-related gene, they have 

very important implications to understand mechanistic factors in breast cancer research.
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Figure 1. 
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