
Original Article

Influence of Nutrition and Lifestyle on Bone Mineral Density
in Children From Adoptive and Biological Families
Selma Cvijetic1, Irena Colic Baric2, Zvonimir Satalic2, Irena Keser2, and Jasminka Bobic1

1Institute for Medical Research and Occupational Health, Zagreb, Croatia
2Laboratory for Nutrition Science, Faculty of Food Technology and Biotechnology, University of Zagreb, Zagreb, Croatia

Received July 17, 2013; accepted December 15, 2013; released online March 20, 2014

Copyright © 2014 Selma Cvijetic et al. This is an open access article distributed under the terms of Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

ABSTRACT

Background: The precise contributions of hereditary and environmental factors to bone density are not known. We
compared lifestyle predictors of bone density among adopted and biological children.
Methods: The study comprised 18 adopted children (mean [SD] age, 14.0 [4.1] years) with their non-biological
parents and 17 children with their biological parents. Bone mineral density (BMD; g/cm2) was measured at the
lumbar spine, total femur, and distal radius. Nutritional intake was assessed by food frequency questionnaire.
Information on smoking and physical activity was obtained by questionnaire.
Results: Intakes of all nutrients, corrected for energy intake, and all lifestyle characteristics except sleep duration
were similar in biological children and their parents. As compared with their parents, adopted children had
significantly different energy, protein, and calcium intakes and physical activity levels. In a regression model, BMD z
scores of adopted children and their parents were significantly inversely associated at the spine and total femur,
whereas BMD z scores of biological children and their parents were significantly positively associated at all
measurement sites. The greatest proportion of total variance in BMD was accounted for by calcium intake among
adopted children and by parental BMD among biological children.
Conclusions: For some lifestyle characteristics and nutrient intakes, the differences between parents and children
were more obvious among adoptive families than among biological families. The most important lifestyle predictor
of bone density was calcium intake.
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INTRODUCTION

Bone is living tissue that changes constantly: parts of old bone
are removed and replaced by new bone. During childhood and
adolescence, much more bone is deposited than withdrawn, so
the skeleton grows in size and density. Depending on skeletal
site, up to 90% of peak bone mass is acquired by age 18 years,
and bone mass continues to increase until around age 30.1–4

Peak bone mass is influenced by a variety of genetic and
environmental factors. Genetic factors may account for up to
75% of bone mass, while environmental factors such as diet
and exercise habits account for the remaining 25%.5–9

Since peak bone density is predominantly formed during
adolescence, when children live with their parents,
family lifestyle habits may have an important role in the
environmental contribution to peak bone density. Family

lifestyle refers to the way that families live and coexist
together on a daily basis, the way a family eats, the amount of
exercise they get, and all other habits and patterns that parents
and children have as individuals and as part of a family.
Parents usually have considerable influence over the types

and amount of food made available to their children.10

Research shows that a child’s preference for certain foods
depends on the food’s availability in the home.11 For example,
daughters’ milk consumption correlated with their mothers’
lifelong milk and calcium consumption.12 Parents also
serve as role models for other aspects of healthy living. The
balance between parenting rules and habits and a child’s
responsiveness is most important for a healthful lifestyle in a
family.13 In addition to the family, lifestyle habits regarding
diet and activity are reinforced by friends, schools, and
community resources in a child’s environment.
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Adopted children, especially those who were adopted in
early childhood, mostly accept the lifestyle habits in the
family environment. However, some children might have
negative affects or emotional withdrawal from the adoptive
family, especially during adolescence, when they experience
identity development.14 There are wide individual differences
in such reactions; however, negative adolescent behavior can
also be present in biological families.

We analyzed the similarity and relationships of several
lifestyle habits with bone mineral density (BMD) in adopted
children and their non-biological parents and compared
those findings with data from children who lived with their
biological parents. We sought to determine whether the impact
of lifestyle factors on bone density differed between children
who live with their adoptive parents and those who live with
biological parents. We hypothesized that lifestyle habits would
be similar between children and their parents, both in adoptive
and biological families, and that the impact of lifestyle factors
on BMD would be similar in children living with adoptive
or biological parents, since lifestyle habits are modeled in
families. We also attempted to identify the lifestyle factors that
had the greatest influence on BMD.

METHODS

Subjects
Recruitment of adopted children
To recruit adopted children, we contacted the Center for Social
Care, which is responsible for children without parental care
and for the adoption process. The center has access to the
names and addresses of families with adopted children. Each
county in Croatia has 1 center for social care, and we
contacted the Center for Social Care in Zagreb city. Before
contacting the center, we requested permission for this study
from the Ministry of Health and Social Care, which has
jurisdiction over all Centers for Social Care in the country.
The Ministry delivered written approval allowing the Center
for Social Work to contact families with adopted children, to
request their participation in this study. Initial contact with
families was by phone and by the officer from the Center for
Social Care, who briefly informed the parents of the study
aims and design. If parents agreed to participate in the study,
we were allowed to obtain their names, phone numbers,
and addresses. Recruitment was limited to children who were
adopted during early childhood, ie, during the first 3 years of
life. A total of 23 families were contacted, 6 of which declined
to participate; 4 families could not be contacted. Ultimately,
data from 18 children (10 boys, 8 girls) with 26 parents were
analyzed.
Recruitment of biological children
Biological children were recruited from the database of
another study, which aimed to determine the impacts of
heredity and environment on peak BMD in young men and
women. That study was conducted at Zagreb University.15,16

We selected 17 students (10 girls, 7 boys; 4 students had
brothers or sisters) and their parents (13 mothers, 13 fathers).
Adopted and biological children who had medical

conditions, or used drugs, known to affect bone density (eg,
hyperthyroidism; renal, hepatic, and gonadal dysfunction;
malignancies; malabsorption; corticosteroids; anticoagulants;
and antiepileptic drugs) were excluded from the study.
These exclusion criteria were not applied to the parents.
There were 2 mothers receiving thyroid hormone therapy, 1
mother with type 1 diabetes, and 1 father with type 2 diabetes.
None of the mothers or daughters from adoptive families used
contraceptives. In the biological families, 5 daughters and 2
mothers used contraceptives.
Standard protocol approvals, registrations, and patient
consent
Before inclusion in the study, informed consent was obtained
from all participants. The study was approved by the Ethics
Committee of the Institute for Medical Research and
Occupational Health.
Anthropometry and bone density measurement
Height and weight were measured using a portable
stadiometer and electronic scale. Body mass index (BMI)
was calculated as weight (kg) divided by height (m2).
BMD (g/cm2) was measured using dual energy X-ray

absorptiometry (Lunar-Prodigy, Madison, WI, USA).
Measurements were made in the lumbar spine (L2–L4),
proximal femur, and distal third of the radius. The in vivo
coefficient of variation was 1.5% for the lumbar spine, 2.1%
for the femur, and 2.2% for the distal radius. BMD was
expressed as z score, which represents the number of standard
deviations with respect to the age-matched mean BMD, as
indicated by the manufacturer’s reference values.
Diet assessment
A food frequency questionnaire was used for dietary
assessment and was administered in the form of a personal
interview by trained personnel.17 The reference period was
the previous year, and each subject was asked to recall
consumption frequency ranging from once a month to once or
more a day. Portion size was defined using life-sized food
photographs in which a small, medium, and large portion of
each food was shown.18 Data were converted to average daily
nutrient intakes using food composition tables. In Croatia,
there is only 1 food composition database available.19 Since
this database contains a limited number of food items, US
Department of Agriculture food composition tables were also
used.20 Calcium and vitamin D intakes were compared with
recently published estimated average requirements (EARs).21

Micronutrient intake was evaluated based on the principle of
nutritive density, which is micronutrient intake expressed per
energy unit (1000 kcal) using cut-off values derived from
dietary reference intake values.22

Lifestyle assessment
Information on lifestyle habits, including smoking, sleep
duration, and physical activity, were obtained using an
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interviewer-administered questionnaire designed for our
previous study of BMD.15

Physical activity was recorded by quantifying sports and
work activities: duration (years) and frequency (hours per
week) of sports activity and intensity (moderate/hard) and
frequency (hours per week) of other physical activities. The
frequency of sports activities and other moderate and/or hard
physical activities were categorized and scored as: 1) never, 2)
0.5 to 1 hour/week, 3) 2 to 3 hours/week, 4) 4 to 6 hours/
week, 5) 7 to 10 hours/week, 6) 11 to 20 hours/week, 7) 21 to
30 hours/week, and 8) more than 31 hours/week. The score for
sports activity was calculated by multiplying duration and
frequency (1 to 8) of sports activity. The final score for
physical activity was calculated for each subject by summing
the sports activity score with the frequency of moderate and
hard work activity score. Those subjects with a higher final
score were judged to be more physically active.

The smoking index was calculated by multiplying number
of cigarettes per day by years of smoking.
Statistics
Data were analyzed using the software Statistica, version 10.0
(StatSoft Inc., Tulsa, OK, USA). The results are shown as
mean (SD) and ranges. Differences between groups (means)
were tested using the t-test. The relation between 2 variables
was evaluated by Pearson correlation analysis. A multiple
regression model was created with the BMD z score of the
child as a dependent variable. Independent variables included
parent BMD z score, calcium intake, physical activity, age,
and BMI. BMD z scores were used for both correlation and
regression analyses. Mid-parent values, ie, the average of
values for the father and mother, were used for all variables in

both regression and correlation analyses of the association
between parents’ and children’s lifestyle characteristics and
BMD. The distribution of variables was tested using the
Kolmogorov-Smirnov test. Variables that were not distributed
normally (protein and carbohydrate intake) were recalculated
to new variables, using the logarithmic function.
To determine the percentage of total variation in child BMD

that could be explained by predictor variables, we used
squared semi-partial correlation, which can be computed in
the multiple regression module, ie, the proportion of variance
accounted for by the predictors relative to the total variance
of the dependent variable. Thus, it is an indicator of the
“practical relevance” of the predictor, because it is scaled to
the total variability in the dependent variable. In all tests, a P
value less than 0.05 was considered significant.

RESULTS

The mean (SD) age of adopted children was 14.0 (4.1) years,
and they were significantly younger than the biological
children (P < 0.001) (Tables 1 and 2). However, no
significant differences were found in BMD z scores, BMI,
PAI, or any component of nutrition intake between adopted
and biological children.
Mean calcium intake was in accordance with the EAR in

adopted and biological children. Parents of adopted children
had a mean (SD) calcium intake of 762.5 (375.6)mg, which is
below the age- and sex-specific EAR. The mean intakes of
other nutrients in adopted and biological children were greater
than EAR. As compared with their parents, adopted children
had a significantly higher energy intake (P = 0.008) and a

Table 1. Age, anthropometry, lifestyle characteristics, bone mineral density, and nutrient intake in adopted children and their
parents

Variable
Adopted children (N = 18) Parents (N = 26)

Pa

Mean (SD) [range] Mean (SD) [range]

Age (years) 14.0 (4.1) [7.9 to 20.0] 49.0 (5.7) [40.0 to 65.0] <0.001
Height (cm) 157.7 (16.4) [130.0 to 180.0] 167.2 (10.6) [150.0 to 183.0] 0.021
Weight (kg) 50.4 (15.4) [28.0 to 81.0] 80.5 (16.6) [48.0 to 120.0] <0.001
BMI (kg/m2) 19.8 (3.1) [13.2 to 26.6] 28.5 (4.1) [20.7 to 38.3] <0.001
PAI 4.8 (1.4) [3.1 to 5.8] 4.0 (1.2) [3.5 to 5.5] n.s.
Smoking index 50 (0.0) [50 to 50] (N 1) 237.5 (152.3) [75 to 525] (N 8) n.s.
Sleep duration (h) 8.3 (1.9) [5 to 10] 7.1 (1.3) [6 to 10] 0.011
Fractures (No.) 2.0 (1.4) [1 to 3] 1.2 (0.5) [1 to 2] n.s.
Spine BMD Z score 1.4 (1.1) [−1.4 to 2.8] −0.1 (0.9) [−2.3 to 1.7] <0.001
Total femur BMD Z score 0.9 (1.0) [−2.1 to 2.3] 0.5 (0.8) [−1.1 to 2.4] n.s.
Radius 1/3 BMD Z score −0.8 (0.9) [−2.4 to 1.5] −0.0 (0.9) [−1.6 to 2.3] 0.015
Energy (kcal) 3177.1 (1070.0) [1369.1 to 5401.2] 2170.5 (950.3) [833.5 to 4246.5] 0.008
Protein (g/1000kcal) 33.8 (5.5) [25.8 to 45.6] 39.2 (5.8) [30.4 to 50.4] 0.011
Fat (g/1000kcal) 37.0 (6.9) [23.2 to 46.0] 36.6 (3.8) [29.8 to 45.2] n.s.
Carbohydrate (g/1000kcal) 136.7 (20.1) [106.9 to 174.2] 129.0 (16.6) [81.1 to 156.8] n.s.
Dietary fiber (g/1000kcal) 10.1 (3.5) [6.2 to 19.6] 11.3 (2.3) [6.5 to 19.1] n.s.
Calcium (mg/1000kcal) 395.3 (99.7) [276.4 to 593.9] 356.8 (118.3) [201.9 to 599.3] n.s.
Vitamin D (IU/1000kcal) 27.8 (10.2) [15.3 to 47.4] 33.3 (15.0) [16.1 to 73.9] n.s.

BMI = body mass index; PAI = physical activity index.
aDifferences between means were tested with Student t-test.
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significantly lower protein intake corrected for energy intake
(P = 0.011). There was no significant difference in nutrition
intake between biological children and their parents. In a
comparison of BMD z scores between adopted children and
their parents, spine BMD z score was significantly higher
(P < 0.001), while the radius BMD score was significantly
lower (P = 0.015) in adopted children. Spine BMD z score
was significantly higher in biological children than in their
parents (P = 0.010).

The mean (SD) duration of contraceptive use in biological
families was 3.1 (2.2) years. There was no significant
correlation between duration of contraception and z scores
(r = 0.20 spine; r = 0.51 femur; r = 0.06 radius).

In an analysis of differences between children and their
mothers and fathers examined separately, the results in
biological families showed only a significantly higher BMI
in parents (P = 0.001 vs mothers; P < 0.001 vs fathers) and
significantly longer sleep duration in children (P = 0.002 vs
mothers; P = 0.003 vs fathers). In adoptive families, mothers
had significantly lower physical activity (P = 0.032), and
fathers had a significantly lower calcium intake (P = 0.001),
than their children. Parents significantly varied in height,
weight, and BMD z score of the spine and radius, which were
predictably higher in men (adoptive families: P < 0.001
height, P = 0.002 weight, P < 0.001 z score spine, P = 0.015
z score radius; biological families: P < 0.001 height,
P = 0.001 weight, P = 0.026 z score spine). There were no
significant differences in BMI, PAI, smoking index, sleep
duration, number of fractures, or intakes of any analyzed
nutrients between mothers and fathers in adoptive and
biological families, with the exception of calcium intake,

which was significantly higher in mothers in adoptive families
(P = 0.001). Correlational analysis showed a tendency toward
an inverse correlation in BMD z scores between both adopted
and biological children and their parents. No significant
correlations were found in the intakes of any analyzed
nutrition component or in physical activity between children
and parents in either group of subjects. There were significant
correlations in calcium intake between adoptive mothers and
fathers (r = 0.690, P = 0.023) and in protein intake (r = 0.865,
P < 0.001) between biological mothers and fathers. There was
no significant correlation in BMI, sleep duration, PAI, or
smoking index between mothers and fathers in either group.
Associations of BMDs at different skeletal sites with potential
confounding variables were analyzed by multiple regression
(Tables 3 and 4). The number of confounders was limited
by the number of subjects. We included in the model age,
sex, BMI, PAI, calcium intake, and parent BMD z score as
independent variables. When controlling for age, sex, and
BMI, the BMD z score of adopted children was significantly
associated with PAI (P < 0.001 for total femur and radius)
and with calcium intake (P = 0.001 for spine and P < 0.001
for total femur and radius) (Table 3). There was a significant
inverse association between adopted children’s and parents’
BMD z scores at the spine (P = 0.002) and total femur
(P < 0.001). In the biological children, children’s BMD z
score was significantly associated with PAI (P < 0.001 for
total femur and radius) and calcium intake (P = 0.031 for
spine, P = 0.006 for total femur, and P < 0.001 for radius).
A significant positive association was found between
children’s and parents’ BMD z score at all measurement
sites (P < 0.001). After accounting for age, sex, and BMI, the

Table 2. Age, anthropometry, lifestyle characteristics, bone mineral density, and nutrient intake in biological children and their
parents

Variable
Biological children (N = 17) Parents (N = 26)

Pa

Mean (SD) [range] Mean (SD) [range]

Age (years) 19.7 (2.2) [11.6 to 21.7] 47.1 (3.4) [42.3 to 52.5] <0.001
Height (cm) 165.7 (6.2) [153.0 to 178.0] 171.0 (9.2) [152.0 to 186.0] 0.044
Weight (kg) 59.5 (11.0) [41.0 to 80.0] 76.1 (12.1) [56.0 to 105.0] <0.001
BMI (kg/m2) 21.5 (3.1) [16.8 to 28.6] 26.1 (2.7) [20.9 to 30.6] <0.001
PAI 4.1 (1.5) [2.0 to 6.0] 4.3 (1.0) [2.0 to 6.0] n.s.
Smoking index 241.6 (231.9) [50 to 525] (N 3) 325.0 (86.6) [225 to 375] (N 3) n.s.
Sleep duration (h) 8.3 (0.7) [7 to 9] 7.0 (0.7) [6 to 8] <0.001
Fractures (No.) 1.0 (0.0) [1 to 1] 1.0 (0.0) [1 to 1] /
Spine BMD Z score 0.9 (1.2) [−1.0 to 2.9] −0.0 (1.1) [−1.7 to 2.4] 0.010
Total femur BMD Z score 1.4 (2.0) [−1.1 to 5.0] 0.5 (0.9) [−1.3 to 2.7] n.s.
Radius 1/3 BMD Z score −0.9 (0.9) [−3.1 to 0.5] −0.6 (0.5) [−1.7 to 0.9] n.s.
Energy (kcal) 2602.3 (921.5) [1419.3 to 4449.1] 2484.2 (569.6) [1658.8 to 4059.9] n.s.
Protein (g/1000kcal) 40.8 (7.7) [26.2 to 51.2] 35.7 (7.2) [19.3 to 47.4] n.s.
Fat (g/1000kcal) 36.1 (5.3) [25.3 to 42.6] 35.7 (7.2) [19.3 to 47.4] n.s.
Carbohydrate (g/1000kcal) 122.2 (35.2) [14.1 to 163.8] 124.5 (26.6) [89.7 to 192.7] n.s.
Dietary fiber (g/1000kcal) 10.5 (4.2) [6.8 to 20.9] 11.2 (4.7) [7.3 to 24.0] n.s.
Calcium (mg/1000 kcal) 477.5 (132.3) [327.3 to 767.1] 457.0 (168.2) [197.5 to 846.8] n.s.
Vitamin D (IU/1000kcal) 29.8 (21.0) [8.0 to 93.9] 34.00 (17.6) [3.6 to 56.9] n.s.

BMI = body mass index; PAI = physical activity index.
aDifferences between means were tested with Student t-test.
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greatest proportion of total variance in BMD z score in
adopted children was accounted for by calcium intake (10.8%
at the spine, 17.0% at the femur, and 66.1% at the radius;
P < 0.001). In biological children, total variance in BMD z
score was accounted for mostly by parents’ BMD (48.4% at
the spine, 21.5% at the total femur; P < 0.001), with the
exception of the radius, where calcium intake was the most
important predictor of total variance in BMD z score (54.4%;
P < 0.001).

DISCUSSION

By analyzing several lifestyle habits, we found that, as
compared with biological children, adopted children differed
more prominently from their parents in important components
of lifestyle, including nutrition. As expected, absolute energy
and nutrient intakes were significantly higher in children than
in their parents, since the period of intensive growth is
accompanied by higher energy intake in comparison with
other age groups.23

However, the results of nutrient density analysis did not
show significant differences between children and parents,
which reveals the expected similarities in food choice within a

family ie, there were differences in the quantity of the food,
but the quality of the diet, as indicated by nutrient density,
was similar. The high similarity in nutrition and lifestyle
between mothers and fathers allowed the use of mid-parent
values to analyze children/parents associations. However,
more differences in lifestyle were found between children and
parents in adoptive families when the analysis was performed
between children and their mothers and fathers separately.
Those findings indicated that, as compared with biological
children, adopted children differed more greatly in lifestyle
from their parents.
We presume that adoptive parents in this study were making

substantial efforts to provide their children with good care
and support and adequate nutrition, even though they may
have been less conscientious with themselves. Our results
were similar to those of the 2003 National Survey of
Children’s Health, which enrolled a sample of 102 353
children, including 2903 adopted children, and estimated 31
indicators of health and well-being among adopted and
biological children.24 The results suggested that adopted
children had worse health than biological children but that
they usually lived in a supportive environment that ensured
good health care quality.25 Other studies suggested that
parents who adopted children invested more time in their
children than did biological parents.26,27 They usually
provided better education and financial support to adoptees.
It is possible that adoptive parents sometimes invest more in
adoptees because such children are more likely than genetic
children to need help.
In general, energy and nutrition intakes were high in all

groups. All dietary assessment methods are subject to error,
such as response errors, which might result in underreporting
or under-consumption.28,29 The use of an FFQ could lead
to over- or underestimation. To overcome the apparent
overestimation of nutrient intakes in this study, energy and
nutrient intakes were also presented relative to energy intake,
and the results of the FFQ were primarily used for comparison
between groups rather than interpreted as true usual intakes.
The BMD of the present biological children, who lived with

their biological parents, was significantly and positively
influenced by their parents’ BMD. The lack of a relationship
between the BMD of adopted children and that of their non-
biological parents was confirmed: there was a negative trend
in the contribution of non-biological parents’ BMD to the
variance of BMD in their adopted children.
As mentioned in our previous study of BMD and

heritability,15 we hypothesize that lifestyle predictors not
considered in this study might have influenced bone density.
The number of predictors was limited by the relatively small
number of participants in each analyzed group (adopted/
biological children/parents). Factors such as low serum
vitamin D level, maternal diet, vitamin D deficiency during
pregnancy, and low birth size, which were not analyzed in this
study, might be important predictors of BMD in young people.

Table 4. Association of BMD z score at different skeletal
sites (dependent variable) with predictors in
biological children

Predictors
Z score spine Z score total femur Z score radius

b P b P b P

Age −0.239 0.004 −0.107 <0.001 0.040 n.s.
Sex 0.182 <0.001 −0.449 <0.001 0.284 <0.001
BMI 0.143 <0.001 0.284 0.032 0.076 0.004
PAI 0.031 n.s. 0.169 <0.001 0.439 <0.001
Calcium intake 0.545 0.031 0.096 0.006 0.601 <0.001
Parent Z score spine 0.328 <0.001
Parent Z score total
femur

0.259 <0.001

Parent Z score radius 0.210 <0.001

BMI = body mass index; PAI = physical activity index; b =
standardized regression coefficient.

Table 3. Association of BMD z score at different skeletal
sites (dependent variable) with predictors in
adopted children

Predictors
Z score spine Z score total femur Z score radius

b P b P b P

Age −0.068 n.s. −0.136 <0.001 −0.204 <0.001
Sex 0.079 0.025 −0.013 n.s. −0.447 <0.001
BMI 0.045 n.s. 0.058 n.s. 0.006 n.s.
PAI 0.039 n.s. 0.172 <0.001 0.226 <0.001
Calcium intake 0.101 0.001 0.183 <0.001 0.562 <0.001
Parent Z score spine −0.106 0.002
Parent Z score total
femur

−0.208 <0.001

Parent Z score radius 0.002 n.s.

BMI = body mass index; PAI = physical activity index; b =
standardized regression coefficient.
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Non-genetic variance may have been decreased by the fact
that we did not analyze variance separately among female and
male students, who differed significantly in some lifestyle
characteristics, such as physical activity. Different studies
have found different impacts of lifestyle habits on peak bone
density. Generally, dietary calcium predicts between 10% to
15% of skeletal calcium retention during adolescence.30,31

Some studies have shown a greater impact on bone density
from dietary calcium than from physical activity32,33 while
others have found the opposite.34 However, most studies agree
on the importance of the interaction between mechanical,
hormonal, and dietary factors.35,36 We are not aware of any
other study of bone density in adopted children. Therefore,
we cannot directly compare our results with the findings of
studies with similar designs. Most studies of adopted children
investigated their psychological status. Very few studies of
adopted children have examined their physical health versus
that of children who lived with their biological parents.26,37,38

The numerous family and twin studies of the genetic
component of BMD and osteoporosis have found that
heredity accounted for 44% to 92% of bone density.7,8,39–41

We used a “family design” to investigate the environmental
influence on bone density by comparing that influence
between children from adoptive and biological families. We
found that adopted children and their parents differ more
greatly in lifestyle habits than do biological children and their
parents. We thus conclude that some lifestyle habits, like
nutrition and affinity for physical activity, also have a genetic
predisposition.

The most important limitations of this study are that both
groups were small and that the group with biological children
was not adjusted by age and sex. The period between age 14
and 20 years is crucial for bone mass development since peak
bone density is usually obtained by age 20 in most skeletal
regions. However, the primary aim of this study was to
compare parent–child similarity in bone density development.
We were interested in the influence of heredity on bone
density and also in the influence of potentially similar lifestyle
characteristics in the same family on bone density.

Another limitation of this study is that the physical activity
questionnaire was not validated. However, we also used this
questionnaire in a previous study of peak BMD15 and found
a significant difference in physical activity between students
from a faculty of kinesiology who were involved in sports
activities and students from other faculties. We therefore
believe that this questionnaire is an adequate indicator of
physical activity.

We conclude that some important lifestyle characteristics,
like nutrition, are more likely to differ between children and
parents in adoptive families, as compared with biological
families. Among lifestyle characteristics, the most important
predictor of bone density in adopted children was calcium
intake, which was the second most important predictor, after
heredity, in children with biological parents.
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