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Abstract
Summary A daughter’s bone mineral density (BMD) is
significantly correlated with her mother’s BMD, but the
daughter’s body mass index (BMI) could modulate this
association. Maternal inheritance dominantly affects
daughters with a lower BMI, but BMI could compensate
for hereditary influences in daughters with a higher BMI in
terms of daughter’s BMD.
Introduction Achieving optimal peak bone mass at a young
age is the best way to protect against future osteoporosis and
subsequent fractures. Although environmental components
influence bone mass accrual, but peak bone mass is largely
programmed by inheritance. The aims of this study were to
investigate the influence of maternal inheritance on the daugh-
ter’s bone mass and to assess whether these influences differ
according to the daughter’s body mass index (BMI).
Methods We used data obtained from the 2010 Korean
National Health and Nutrition Examination Survey V and

included 187 mother–daughter pairs. Bone mineral density
(BMD) was measured at the lumbar spine (LS), femur neck
(FN), and total hip (TH) by using dual-energy X-ray absorp-
tiometry (DXA). The daughter group was stratified into two
groups according to the mean BMI (21.4 kg/m2).
Results The daughters’ BMD correlated significantly with
both their BMI and their mothers’ Z-score for each skeletal
site. In the daughters with a lower BMI (≤21.4 kg/m2), the
BMDs at the FN and TH were affected more by the mothers’
Z-score than by the daughters’BMI.Meanwhile, the influence
of the daughters’ BMI on their BMD was higher than that of
their mothers’ Z-score in daughters with a higher BMI
(>21.4 kg/m2). Moreover, the mothers’ Z-scores were a sig-
nificant predictor of their daughters having Z-scores<−1.0
only in daughters with a lower BMI.
Conclusions This study suggests that maternal inheritance is an
important determinant of the daughters’ bone mass, but that this
hereditary factor may vary according to the daughters’ BMI.
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Abbreviations
LS Lumbar spine
FN Femur neck
TH Total hip
DXA Dual-energy x-ray absorptiometry
BMI Body mass index

Introduction

Osteoporosis is an important public health problem because
osteoporotic fractures threaten quality of life, and life
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expectancy, and increase medical costs worldwide [1–3].
Worldwide, more than 200 million people have osteoporosis,
and 1.5 million fractures are reported annually in the USA [4].
The increasing trend in the number of osteoporotic fractures is
more evident in Asian countries than in Western countries
[5–7]. Osteoporosis is a silent disease but may give lead to
serious results in elderly populations.

Osteoporosis is caused by weakening of bone strength,
which is determined by bone density and bone quality [8].
Bone density in the elderly is determined by both peak bone
mass and subsequent bone loss [9, 10]. Therefore, both
achievement of adequate peak bone mass early in life
and prevention of accelerated bone loss during aging
are important preventive strategies for maintaining bone
health throughout one’s life span [8]. The former strat-
egy, which is achieving adequate peak bone mass, re-
quires knowledge about the major determinants and
those influences on peak bone mass.

Many genetic and epigenetic factors that affect bone min-
eral density (BMD) have been investigated [10, 11]. Among
these factors, heritability provides the important information
for predicting parameters related to bone strength, including
peak bone mass. Several studies of mother–daughter pairs
have shown that the mother’s BMD is strongly associated
with the daughter’s bone mass [12–15]. A meta-analysis re-
ported that parental history of fractures increases the risks of
any fracture, osteoporotic fracture, and hip fracture in their
offspring [16]. On the basis of this finding, the parents’ hip
fracture history is included as one of the major predictors of
future osteoporotic fractures in the 10-year fracture risk as-
sessment model (FRAX) [17]. In other words, inheritance
primarily affects parameters related to bone strength in a given
individual.

Various epigenetic factors related to anthropometric
characteristics, environmental effects, and nutritional
support that could affect bone mass or fractures have
been examined widely [18–20]. Among these factors,
body mass index (BMI) has been identified as a major
determinant of bone density; that is, a higher BMI in-
creases BMD by inducing greater mechanical loading on
skeletal sites [21, 22]. Therefore, in women, a low BMI
at the age range at which the bone mass peaks may
negatively affect future bone health.

Both hereditary transmission and epigenetic modulation
are important for determining peak bone mass and bone
strength. However, we do not know which factors are more
dominant in determining peak bone mass and bone
strength, or whether BMI, an epigenetic factor, can
compensate for the effects of inherited determination.
This study aimed to investigate the maternal inheritance
and BMI on peak bone mass and to assess whether the
hereditary influence on peak bone mass is modulated
according to BMI.

Materials and methods

Subjects and data collection

This study was based on the data obtained from the first year
of the Korean National Health and Nutrition Examination
Survey (KNHANES) V, conducted in 2010. KNHANES is a
nationwide cross-sectional survey of nationally representative
non-institutionalized civilians in the Republic of Korea. This
study comprises a health interview, health examination, and
nutrition survey. A stratified, multistage probability sampling
design was used to select household units, and the civilian,
non-institutionalized population of Korea was included in the
survey. Details of this survey were recently reported [23]. A
total of 8958 participants of 3479 households completed the
2010 KNHANES V. Among those households, 260 house-
holds that comprised daughter participants in an age range
of 20–35-year-old in which the bone mass peaks were includ-
ed in this study. Finally, 187 households that had BMD data
for both mothers and daughters were analyzed. Any daughters
or mothers with renal insufficiency (serum creatinine concen-
tration >1.4mg/dL) or a history of malignancywere excluded.
The subjects who used antiresorptive agents such as raloxi-
fene, bisphosphonate, or hormone-replacement therapy were
also excluded in both groups. Natural menopause in mothers
group was defined as at least 12 consecutive months of
amenorrhea. The daughters were stratified into two groups
by their mean BMI: lower BMI group (≤21.4 kg/m2) and
group with higher BMI (>21.4 kg/m2). The KNHANES was
reviewed and approved by the ethics committee of the
Korea Centers for Disease Control and Prevention (KCDC)
(2010-02CON-21-C).

BMD measurement

BMD (g/cm2) was measured at the lumbar spine (L1–L4, LS),
femoral neck (FN), and total hip (TH) using dual-energy X-ray
absorptiometry (DXA, QDR4500A; Hologic Inc., Bedford,
MA, USA). The DXA equipment was housed in mobile ex-
amination centers. The left hip was scanned routinely, but in
participants with a left hip fracture or device, the right hip was
scanned. The T-scores in the mothers group were calculated
using the mean value and standard deviation (SD) for young
normal individuals, and the Z-scores in themothers and daugh-
ters groupswere calculated using themean values and standard
deviation (SD)s for each decade from the recently published
Korean reference data [24] by the following formula:

Z‐score ¼ actual BMD value−mean value of BMD in each decadeð Þ.
SD of BMD in each decade

The DXA data were analyzed using Hologic Discovery
software version 12.1 in its default configuration.
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Statistical analysis

Statistical analyses were performed using SPSS version 19
(IBM SPSS Statistics; IBM Corp., Armonk, NY, USA). The
ages of mothers ranged from 45 to 67 years, and their meno-
pausal status comprised both with premenopause and meno-
pause. Therefore, we used Z-scores instead of T-scores to
eliminate the effects of the contribution of the older ages of
mothers to their lower BMD values. Pearson’s correlation co-
efficient was used to examine the correlation of between the
BMD of daughters and the Z-scores of mothers. The mothers
group was further stratified into three groups, according to
their Z-score, Z-score≤−1.0, −1.0 <Z-score≤+1.0, and Z-
score>+1.0. Linear regression analysis was used to evaluate
the relationships between BMD and BMI of the daughters and
Z-score of the mothers. The t value was used in regression
analysis to estimate the contributiveness of BMI of the
daughters or Z-scores of the mothers on daughters’
BMD. A multiple logistic regression analysis for the
independent factor of a daughters’ Z-score of <−1.0 was per-
formed to estimate the Exp(β) of mothers’ Z-score in
the lower and higher BMI groups. The daughters group
was divided into four groups according to their mean
BMI or mother Z-score: BMI≤21.4 kg/m2 and mother Z-
score <−1.0, BMI≤ 21.4 kg/m2 and mother Z-score≥−1.0,
BMI > 21.4 kg/m2 and mother Z-score < −1.0, and
BMI>21.4 kg/m2 and mother Z-score≥−1.0. ANOVA was
used to compare BMDs at each skeletal site in those four
groups. Tests for interaction of daughters’ BMI between
mothers’ Z-scores and daughters’BMDwere performed using
interaction terms as well as main effects of those two factors in
the regression models. P<0.05 was considered significant.

Results

Baseline characteristics of daughters and their mothers

We analyzed the data for 187 daughter–mother pairs selected
from the 2010 KNHANES V. The clinical characteristics of
the daughters and mothers groups are shown in Table 1. The
mean ages were 26.4 ± 3.9 years in the daughters and
53.1 ± 4.7 years in the mothers. The mean BMI of the
daughters was 21.4 kg/m2 (21.4 ± 3.4 kg/m2). The 25-
hydroxy vitamin D levels were 14.6±5.4 ng/mL in daughters
group and 17.4 ±6.5 ng/mL in mothers group. Twenty-six
(13.9 %) subjects continued regular exercise and 16 (8.6 %)
subjects were current smokers in the daughters group. There
were no subjects who had experienced fractures in daughters
group, whereas 13 (7.0 %) subjects in mothers group had
histories of previous fractures. One hundred and thirty-six
subjects (73.3 %) in mothers group were postmenopausal,
whereas the remaining 50 mothers were premenopausal. The

T-scores of mothers group were −0.94 at the LS, −0.94 at the
FN, and 0.03 at the TH.

Relationships between the BMD and BMI of daughters
or BMD of daughter and the Z-score of mothers

Body size, represented by height, weight, or BMI, is strongly
affected by hereditary factors, thus weight and height should
be adjusted when comparing variables that are associated with
height or weight in parent-offspring pairs [25]. Theweight and
height of mothers and daughters were also positively correlat-
ed in the present study (Supplementary Table 1). The results of
the BMI-adjusted model and weight- and height-adjusted
model were not different in the present study (data not shown),
thus we adjusted for BMI when analyzing the data. To deter-
mine the factors the affected the BMD of daughters signifi-
cantly, we performed a multiple regression analysis for this
parameter. We found significant associations between the LS
BMD of daughters and age, BMI, and mother Z-score and
between the FN and TH BMD of daughters and BMI and
mother Z-score (data not shown). Table 2 shows the correla-
tions between the BMD of daughters and their BMI or the Z-
score of mothers in each skeletal site, with or without adjust-
ment for the age and BMI of the daughters or the BMI of the

Table 1 Baseline clinical parameters of daughters and their
mothers groups

Daughter group
(20∼ 35 years)

Mother group

N 187 187

Age, years 26.4 ± 3.9 53.1 ± 4.7

Height, cm 162.0 ± 5.9 156.1 ± 5.0

Weight, kg 56.2 ± 9.8 58.7 ± 8.2

BMI, kg/m2 21.4 ± 3.4 24.1 ± 3.0

LS BMD, g/cm2 0.965 ± 0.119 0.897 ± 0.143

LS T-scores – −0.94± 1.24
LS Z-scores −0.01± 1.06 0.01 ± 1.05

FN BMD, g/cm2 0.769 ± 0.108 0.703 ± 0.104

FN T-scores – −0.94± 0.97
FN Z-scores 0.00 ± 1.01 0.07 ± 1.06

TH BMD, g/cm2 0.878 ± 0.110 0.854 ± 0.112

TH T-scores – 0.03 ± 0.97

TH Z-scores −0.03± 1.06 0.01 ± 1.00

25-Hydroxyvitamin D, ng/mL 14.6 ± 5.4 17.4 ± 6.5

Regular exercise, n (%) 26 (13.9 %) 36 (19.3 %)

Current smoker, n (%) 16 (8.6 %) 7 (3.7 %)

Previous fractures, n (%) 0 (0 %) 13 (7.0 %)

Regular exercise means exercise more than 3 days a week regularly. Data
were shown as mean + SD or N (%)

BMI body mass index, LS lumbar spine, FN femur neck, TH total hip,
BMD bone mineral density
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mothers. The BMD of daughter was strongly and positively
associated with their BMI in each of the three skeletal sites
(r=0.492 for the LS, r=0.444 for the FN, and r=0.523 for the
TH, p<0.001). The BMD of daughter was also correlated
positively with the Z-score of mothers at each skeletal site;
however, this correlation was not as strong as those observed
with BMI (r=0.429 between mother LS Z-score and the LS
BMD of daughter; r=0.315 between mother FN Z-score and
the FN BMD of daughter; r=0.417 between mother TH Z-
score and the THBMD of daughters; p<0.001) (Table 2). The
significant associations observed between the BMD of daugh-
ter and mothers’ Z-score were similarly present after adjusting
for the age and BMI of daughters, and the BMI of mothers and
the relationships were strongest between the same skeletal
sites (Table 2).

Relationships between BMD of daughters and the Z-score
of mothers in each skeletal site according to the BMI
of daughter

Tables 3 shows the correlations between the daughters’ BMD
and their mothers’ Z-score in the same skeletal sites in the
lower (BMI≤ 21.4 kg/m2) and higher (BMI> 21.4 kg/m2)
BMI groups. In the lower BMI group, daughters’ BMI was
significantly positively correlated with their BMD. However,
the relationships were weaker than those of the mothers’ Z-
scores in the same skeletal site. These patterns were similarly
observed in the LS, FN, and TH. The findings of weaker
relationships with BMI but stronger associations with
mothers’ Z-score were more prominent in the FN and TH.
In the higher BMI group, the mothers’ Z-scores in the same
skeletal sites also correlated positively with the daughters’
BMD. The correlations between the daughters’ BMI and their
BMD were stronger in the higher BMI group compared with
the lower BMI group and compared with the mothers’ Z-
scores in the FN and TH (Table 3).

The degree of contribution of the BMI of daughters or the
Z-score of mothers to the BMD of daughters was compared

using the t values obtained from regression analysis (Table 4).
In the lower BMI group, the BMD of daughters in the LS was
affected more by the LS Z-score of mothers than by their BMI
(β = 0.017, t= 2.443, p= 0.017 for the BMI of daughter,
β=0.039, t=4.665, p<0.001 for the LS Z-score of mothers).
In contrast, the effect of BMI was increased and that of the LS
Z-score of mothers was decreased in the daughters with a
higher BMI (BMI>21.4 kg/m2). Furthermore, the effects of
BMI and of the LS Z-score of mothers on the BMD of daugh-
ters became almost similar in this group (β=0.015, t=3.579,
p<0.001 for the BMI of daughter and β=0.161, t=3.958,
p<0.001 for the LS Z-score of mothers).

At the FN and TH of the lower BMI group, the BMD of
daughter was not significantly related to their BMI and was
significantly associated only with their mothers’ Z-score
(β=0.010, t=1.603, p=0.012 for the BMI of daughters, and
β=0.026, t=3.813, p<0.001 for the FN Z-score of mothers,
and β=0.010, t=1.751, p=0.084 for the BMI of daughters,
and β= 0.035, t= 5.426, p< 0.001 for the TH Z-score of
mothers). However, in the higher BMI group, BMI was sig-
nificantly related to BMD, and the effect of BMI was much
stronger than that the Z-score of mothers at each skeletal site
(β=0.015, t=3.872, p<0.001 for the BMI of daughters and
β=0.038, t=2.363, p=0.022 for the FN Z-score of mothers,
and β=0.015, t=4.244, p<0.001 for the BMI of daughters
and β= 0.044, t= 2.981, p< 0.004 for the TH Z-score of
mothers) (Table 4).

Associations between the mothers’ Z-scores
and daughters’ risk of having Z-scores<−1.0

In the daughters with a lower BMI, the mothers’ Z-scores
were significantly associated with the daughters’ low Z-
scores of <−1.0 at all three skeletal sites (Exp(β) = 0.574,
95 % confidence interval [CI] = 0.356–0.942 for the LS,
Exp(β) = 0.476, 95 % CI = 0.2880–0.786 for the FN, and
Exp(β) = 0.462, 95 % CI=0.275–0.778 for the TH, p<0.05,
respectively) (Table 5). However, in the daughters with a

Table 2 Correlations between daughters’ BMD and BMI or their mothers’ Z-score with or without adjustment for daughters’ age and BMI and
mothers’ BMI in each bone sites

Daughter
BMI

Mother
LS Z-score

Mother
FN Z-score

Mother
TH Z-score

Mother
LS Z-score

Mother
FN Z-score

Mother
TH Z-score

Daughter LS BMD R 0.492 R 0.429 0.379 0.416 R* 0.427 0.367 0.350

p value <0.001 p value <0.001 <0.001 <0.001 p value <0.001 <0.001 <0.001

Daughter FN BMD R 0.444 R 0.313 0.315 0.307 R* 0.323 0.337 0.279

p value <0.001 p value <0.001 <0.001 <0.001 p value <0.001 <0.001 <0.001

Daughter TH BMD R 0.523 R 0.361 0.353 0.417 R* 0.353 0.356 0.392

p value <0.001 p value <0.001 <0.001 <0.001 p value <0.001 <0.001 <0.001

BMI body mass index, LS lumbar spine, FN femur neck, TH total hip, BMI body mass index, BMD bone mineral density, R* Pearson’s correlations
adjusted for age and BMI of daughters and BMI of mother
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higher BMI, the significant association observed between the
mothers’ Z-scores and daughters’ lower Z-scores at the
level <−1.0 disappeared in the LS, FN, or TH (Table 5).
After further adjustment for 25-hydroxyvitamin D levels,
smoking status, and regular exercise, the results were un-
changed in both groups.

Comparisons of the BMD of daughters in the LS, FN,
and TH according to their BMI and mothers’ Z-score
in the same skeletal sites

We compared the daughters’ BMD in the LS, FN, and TH
according to the daughters’ BMI (BMI ≤ 21.4 kg/m2 or
BMI>21.4 kg/m2) and the mothers’ Z-score (Mothers’ Z-
score<−1.0 orMothers’ Z-score≥−1.0). The daughters group
with lower BMI and mothers’ Z-score of less than −1.0
showed significantly lowest BMD values in the LS, FN, and

TH (Fig. 1). Whereas, the daughters group with higher BMI
and mothers Z-score of higher than −1.0 provided significant
highest BMD values in three skeletal sites. There were no
significant differences between the daughters group with low-
er BMI and mothers Z-score of higher than −1.0 and group
with higher BMI but mothers Z-score of less than −1.0 in the
LS, FN, and TH (Fig. 1). We examined the interaction term of
daughters’ BMI with the mothers’ Z-score on daughters’
BMD in three skeletal sites, and we found significant interac-
tions in all sites (p<0.05, respectively) (Fig. 1).

Discussion

In the present study, we found an evidence of a hereditary
relationship for BMD between mothers and daughters, which
reflects the strong genetic influence on the determination of

Table 3 Correlations between
daughters’BMD and BMI or their
mothers’ Z-score in the lower or
higher BMI groups

BMI≤ 21.4 kg/m2 BMI >21.4 kg/m2

BMI Mother Z-score BMI Mother Z-score

LS FN TH LS FN TH

Daughter

BMD

LS R 0.282 0.481 – – 0.425 0.475 – –

p value 0.002 <0.001 – – <0.001 <0.001 – –

FN R 0.196 – 0.400 – 0.432 – 0.256 –

p value 0.028 – <0.001 – <0.001 – 0.059 –

TH R 0.184 – – 0.531 0.501 – – 0.359

p value 0.040 – – <0.001 <0.001 – – 0.007

BMI body mass index, LS lumbar spine, FN femur neck, TH total hip, BMI body mass index, BMD bone mineral
density, β* unstandardized regression coefficients

Table 4 Regression analysis of
BMI and mother’s Z-score for
daughters’ BMD in the lower or
higher BMI groups

Daughter

BMI ≤ 21.4 kg/m2 BMI > 21.4 kg/m2

β* (95 % CI) t p value β* (95 % CI) t p value

LS BMI 0.017

(0.003–0.031)

2.443 0.017 0.015

(0.007–0.024)

3.579 0.001

Mother’s LS Z-score 0.039

(0.023–0.056)

4.665 <0.001 0.061

(0.030–0.092)

3.958 <0.001

FN BMI 0.010

(−0.002–0.021)
1.603 0.112 0.015

(0.007–0.023)

3.872 <0.001

Mother’s FN Z-score 0.026

(0.013–0.040)

3.813 <0.001 0.038

(0.006–0.070)

2.363 0.022

TH BMI 0.010

(−0.001–0.021)
1.751 0.084 0.015

(0.008–0.023)

4.244 <0.001

Mother’s FN Z-score 0.035

(0.022–0.047)

5.426 <0.001 0.044

(0.014–0.073)

2.981 0.004

BMI body mass index, LS lumbar spine, FN femur neck, TH total hip, BMI body mass index, BMD bone mineral
density, β* unstandardized regression coefficients
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BMD. However, this hereditary relationship was modulated
by daughter’s BMI. That is, the hereditary influence was sig-
nificant and strong in the daughters with lower BMI but was
diminished in the daughters with higher BMI. In the daughters
with higher BMI, the impact of their BMI on BMDwas great-
er than that of their mothers’ Z-scores. In other words, herita-
bility had greater influence in the lower BMI group, whereas
BMI was more influential than hereditary transmission in the
higher BMI group in determining bone mass.

The hereditary nature of BMD has been previously report-
ed. Several studies have shown significant associations for
BMD between mothers and their daughters both at the lumbar
spine and femur [12, 26, 27]. In one study, premenopausal
daughters of women with hip fractures showed significantly
lower femoral BMD, indicating that the daughters were at
higher risk of future hip fractures [28]. The genetic influence
on BMD has also been observed in mothers and their prepu-
bertal children, and the relationship between mothers and their
offspring was significantly higher in mother–daughter pairs
than in mother–son pairs [29]. Recently, the genetic bases of
specific diseases have been studied widely by using analysis

of single nucleotide polymorphisms (SNPs) [30] whose exis-
tence can be used to demonstrate the genetic background of a
specific disease [31, 32]. Several SNPs related to bone
strength have been reported in previous studies [33–35].
These findings suggest that genetic factors are major determi-
nants of bone health-related parameters.

Body composition such as bodyweight and BMI correlated
strongly with BMD. Higher BMI is known to have a benefi-
cial effect on BMD by inducing mechanical loading on the
skeleton [21, 22, 36, 37]. One recent study reported that peo-
ple with a BMI of 18 kg/m2 had a rapider bone loss rate at
femoral site than those with a BMI of 30 kg/m2 [19]. Another
study reported that the mean LS BMD increased with increas-
ing body weight quartiles and that the influence of lifestyle
factors was stronger in postmenarcheal daughters than in
premenarcheal daughters [14]. Birth weight was reported as
an independent determinant of adult bone mass [38].
Consistent with previous data, our data indicate that the
daughters’ BMI was positively correlated with their BMD.

On the other hand, the effects of the two important deter-
mining factors of daughters’ BMD, namely the daughters’

Table 5 Multiple logistic
regression analyses of themother’s
Z-scores for the daughters’ having
the Z-score <−1.0 in lower and
higher BMI groups

BMI≤ 21.4 kg/m2 BMI> 21.4 kg/m2

Exp(β) p value 95 % CI Exp(β) p value 95 % CI

Mother’s LS Z-score Model 1 0.574 0.011 0.356–0.924 0.675 0.402 0.269–1.692

Model 2 0.475 0.021 0.251–0.895 0.533 0.291 0.166–1.714

Mother’s FN Z-score Model 1 0.476 0.004 0.288–0.786 1.097 0.856 0.405–2.974

Model 2 0.424 0.006 0.230–0.780 1.328 0.659 0.377–4.682

Mother’s TH Z-score Model 1 0.462 0.004 0.275–0.778 0.714 0.630 0.181–2.817

Model 2 0.474 0.005 0.281–0.800 0.643 0.544 0.154–2.682

BMI body mass index, LS lumbar spine, FN femur neck, TH total hip, CI confidence interval

Model 1. Crude

Model 2. Adjusted for 25-hydroxyvitamin D, smoking status, and regular exercise

Fig. 1 The BMD of the daughters in the LS (a), FN (b), and TH (c)
according to BMI of the daughters and the Z-scores of the mothers in the
same skeletal sites. Values with different superscripts are significantly

different (p < 0.05 with Bonferroni correction). Interaction terms were
provided as β values with 95 % confidence intervals (*p< 0.05)

2062 Osteoporos Int (2016) 27:2057–2064



BMI and the mothers’ Z-score, differ according to the daugh-
ters’ BMI. BMD in the lower BMI group was more affected
by hereditary factors, as represented by the mother’s BMD,
than by the daughters’ BMI. The influence of BMI increased,
but the inherited influence decreased in the daughter group
with higher BMI, and the effect of BMI on BMDwas stronger
that of hereditary factor in this group. This suggests that the
inherited influences on bone mass may vary according to the
BMI of specific individuals.

In the present study, the associations of the daughters’ BMI
and the mothers’ Z-score with the daughters’ BMD varied
according to the skeletal sites. The hereditary influence repre-
sent differently according to the skeletal site [39]. Moreover,
the effects of body compositional parameters on BMD also
provide skeletal site specificity regarding factors related to
weight-bearing [40]. Based on these findings, it is conceivable
that the relative degree of contribution of BMI and heredity to
BMD might be distinguished from the properties of the skel-
etal sites.

The present study has several strengths. To our knowledge,
this is the first study to demonstrate that BMI modulates he-
reditary influences on BMD. We used data from the 2010
KNHANES, which is a representative nationwide survey,
and we included a relatively large number of mother–daughter
pairs. We found evidence of a compensatory role of
BMI on genetic influences on BMD. However, there
are also several limitations in this study. First, consistent
with the body composition data for this population [41],
the percentage of individuals in the obese population
(with a BMI of >25.0 kg/m2) and in the low-weight
population (with a BMI of <18.5 kg/m2) was around
15 % in each case. Because of the low percentage of
individuals in the obese or low-weight groups, we were
not able to analyze the manner in which obesity or low-
weight affects hereditary effects on BMD in this popu-
lation. Instead, we used the mean BMI level as a cut-off
for the lower and higher BMI groups. Second, this was
a subgroup analysis that included only 5 % of the
households from among the whole study population.
Therefore, selected participation may have introduced
some bias in determining the familial interactions that
affecting BMD. The generalizability of the results should be
further validated in other study populations. Third, this was a
cross-sectional study, and we could not investigate how
weight change in the daughters might affect the achievement
of peak bone mass and the inherited influences on
BMD. Finally, we did not compare the daughters’ BMD
according to their mothers’ fracture history because the
mothers were relatively young and their rate of fractures was
<5 %.

In conclusion, althoughmaternal inheritance is well known
as an important determinant of bone mass, this hereditary
factors can be somewhat overcome by having a higher BMI.

The maintenance of a healthy body weight during the period
of attainment of peak bone mass may be effective for
preventing later osteoporosis or fractures later in life.
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