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Influence of Heredity and Environment on Bone Density in Adolescent
Boys: A Parent–Offspring Study
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Abstract. The purpose of the present parent–offspring
study was to investigate the influence of heredity and
environment on bone density in young men. Another aim
was to discover whether the same genetic factors
influence bone mass, lean mass and muscle strength.
Fifty families including a father, mother and one son
were investigated. The mothers (aged 44.5 ± 4.4 years)
and fathers (aged 47.1 ± 4.4 years) generally had a
sedentary lifestyle with little physical activity. As a
contrast, all but three of the sons (aged 17.0 ± 0.4 years)
were active in ice hockey training. Bone mineral density
(BMD, g/cm2) of the total body, head, lumbar spine and
femoral neck was measured using dual-energy X-ray
absorptiometry. Muscle strength of the hamstrings and
quadriceps muscles was also measured in the boys. BMD
values of different sites in the fathers, mothers and sons
were adjusted for weight, height, age, and any significant
influence of environment. Heritability estimates were
obtained as regression coefficients with the boys’
adjusted BMD as dependent variable and the adjusted
midparent bone density (father BMD + mother BMD/2)
as independent variable. Accordingly, heritability ex-
plained 34–54% of the variation in the sons’ BMD.
Midparent BMD of several sites also predicted the boys’
lean mass and quadriceps strength, and midparent–
offspring differences in lean mass predicted midparent–
offspring differences in BMD of the total body, head and
spine (b = 0.30–0.51,p<0.05). The sons were found to
have almost 30% higher femoral neck BMD than their
fathers, and physical activity (hours/week) predicted
BMD at several sites among the sonsb = 0.26–0.34,
p<0.05). In conclusion, heritability is a main determi-

nant of the variance in BMD in young men. Based on the
results we suggest that the same genetic factors may
influence bone mass, lean mass and muscle strength by
affecting body size. The present study also emphasizes
the importance of physical activity for the development
and maintenance of BMD in men.
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Introduction

The incidence of osteoporosis has increased in both
sexes since the 1950s in most Western societies, but
perhaps especially in men [1,2]. The bone mineral
density (BMD, g/cm2) has been demonstrated to be the
best predictor of the future risk of fracture [3] and it has
been demonstrated that peak bone mass probably
accounts for at least 50% of the variation in bone mass
even in the very elderly [4]. Therefore, to establish the
predictors of BMD just after the rapid increase in BMD
during the pubertal growth spurt period would probably
increase the possibilities for effective preventive
strategies.

The main determinant of BMD in adults is probably
heritability [5–7], although the evidence is somewhat
inconsistent. More than 20 years ago, Smith and
colleagues [8] demonstrated that BMD of the forearm
was more similar in monozygotic than in dizygotic
twins, suggesting that the variation in BMD is
determined at least in part by genetic factors. This
work was later extended by several groups, showing that
about 80% of the variation in bone density might be
determined by genetic factors. However, because of
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violation of some of the assumptionsassociatedwith
analysisof twin data,theestimatesaretoo high in some
studies [7]. Parent–offspringstudies, measuring the
degree of resemblancebetween parents and their
children, can also be used to estimatethe degreeof
influence of heritability on the variation in BMD.
Accordingly, Krall and Dawson-Hughes[9] demon-
stratedin a study including 40 families that heritability
explained about 50% of the variation in BMD after
adjustmentsfor significantenvironmentalfactors.

Weight andphysicalactivity are other factorshighly
associatedwith BMD [10,11]. Body weight, acting
through gravity, is constantly affecting the weight-
bearing part of the skeleton, explaining, at least in
part, the strong associationwith bone density demon-
stratedin bothchildren[10] andadults[12]. We recently
demonstratedthat the type of weight-bearingphysical
activity undertakenis an importantdeterminantof BMD
in adolescentboys [11]. Muscle strengthhasalso been
demonstratedto be a strongpredictorof BMD [13]. A
strong muscle might increaseBMD by creating high
strainsin adjacentbones.However,musclestrengthhas
beendemonstratedto be a significantpredictoralso of
BMD of distant bones[11], indicating a more general
relationshipaswell.

Thepurposeof thepresentparent–offspringstudywas
to investigatethe influenceof heredityon bonedensity
in adolescentboys in relation to environmentalfactors
suchasphysicalactivity andbodyconstitution.Another
aim was determinewhether the same genetic factors
might influence the variation in bone mass, muscle
strengthandleanbody massin the samegroup.

Material and Methods

Subjects

Sixty-four families including a father, mother and one
son were askedto participate in this study. Of these
families,six did not want to, or couldnot participatefor
various reasons, and eight families were excluded
becauseof medicationsor diseasesknown to affect
bonedensity,leaving50 families in thestudy.Theboys,
aged 17.0 ± 0.4 years (range 16.4–18.1years), had
previously all been active in ice hockey training to
varying degrees,and all but three were still active in
intensiveice hockeytraining. At the time of testingthe
averageweekly training time was8.9 ± 2.8 h (range4–
18 h). Thethreeremainingboyshadstoppedplaying ice
hockeyabout1 year beforethis investigationbut were
instead active in soccer and bandy ball training,
respectively.All boys were also participatingin 2 h of
general physical education training in school every
week.Noneof the boyssmoked.

Using a standardizedquestionnaireand interviews,
information was collected regardingthe mothers’ and
fathers’ work during the previous 5 years, and their
physicalactivity level (hours/week)during the previous

5 years.Smokinghabitswererecordedaspresentsmoker
(1) or non-smoker(0). Physical activity (hours/week)
was defined as physical exercise combined with
sweating or breathlessness.The mothers were also
investigatedconcerninguse of the contraceptivepill
and irregularity of menses,definedas no mensesfor at
least3 consecutivemonths.

The motherswere 44.5 ± 4.4 years(range33.7–52.2
years)old. Four of the mothers(8%) were postmeno-
pausal.Thesefour subjectsdid not have significantly
lower BMD at anysite thanthe restof themothers.The
contraceptivepill wascurrentlybeingusedby five of the
mothers(10%)and10 (20%)weresmokers.Theaverage
amountof physicalactivity was2.1 ± 2.6 h/week(range
0–15 h). Twenty-six (52%) of the mothersstatedthat
theyhadtrainedat most1 h/weekduringthelast5 years.
Thirteen (26%) classifiedtheir work as sedentary.The
fathers were aged 47.1 ± 4.4 years (range 39.0–57.2
years) and nine (18%) were smokers. The average
amountof training every week was 2.2 ± 2.6 h (range
0–15 h). Twenty-one(42%) of the fathers statedthat
they had trainedat most 1 hour/weekduring the last 5
yearsand24 (48%) classifiedtheir work assedentary.

Theparentsandtheir sonsgavetheir written informed
consent to participate in this study. The study was
approved by the Ethics Committee of the Medical
Faculty,UmeåUniversity.

Methods

Fat mass,lean body massand areal BMD of the head
werederivedfrom a total-bodyscanandtheautoanalysis
program,using a Lunar DPX-L (Lunar, Madison WI)
dual-energy X-ray absorptiometer,software version
1.3y.The headwasdefinedasthe wholeheadincluding
the first four cervical vertebrae. To maximize the
precision the centering option was used and scaling
wassetto about200.The right femoralneckBMD was
obtainedusingthe femursoftware,andthe lumbarspine
(L2–4) BMD, bonemineralcontent(BMC, grams),bone
area (cm2), and height were obtainedusing the spine
software.Since areal BMD (g/cm2) is affectedby the
bonesize,volumetricbonemineraldensity(vBMD, mg/
cm3) wasalsoestimatedfor thelumbarspine[14]. It was
then assumedthat this site is cylindrical in shape.The
volume of this cylinder can be estimatedfrom the area
and height. The vBMD is then estimatedas (BMC/
volume) 6 1000 (mg/cm3). In our laboratory, the
coefficient of variation (CV value; SD/mean) for a
total body scanis 0.7% [15] and the CV valuesfor the
femur softwareand spine softwareare 1.5% and 1%,
respectively.Using the sameprocedure,the CV values
wereestimatedto be0.9%and2.6%for leanbodymass
and fat mass, respectively [15]. To minimize the
interobservervariation, all analyseswere madeby the
sameinvestigator.
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IsokineticMuscleStrength

Isokinetic muscle strength of the right quadriceps
femoris and hamstrings muscles in the boys was
measuredin newton-meters(N m) using a Biodex
isokinetic dynamometer(Biodex, New York, NY). The
subjectwasseatedwith a 1208 hip anglewith the lever
attachedjust abovethe ankle.The dynamometer’saxis
of rotation was aligned with the knee joint and the
angular movement of the knee joint was 908. Each
subjectmadefive maximalconsecutiverepetitionsat 908
per secondand10 at 2258 per second.The restbetween
changeof velocitieswasapproximately30s.Thehighest
peaktorquefor eachvelocity wasusedin thecorrelation
analysis.Threeof the 50 boyscould not participatedue
to injuries at the time of the testing.

Clinical Measurements

Height and body weight were measuredin stockinged
feet andunderwearusingstandardizedequipment.Body
massindex (BMI) wascalculatedasweight (kg)/ height
(m)2.

Statistics

An analysis of variance (ANOVA) was used to test
differencesbetweenthe fathers,mothersand sons.The
BMD values for the fathers, mothers and sons were
adjustedfor the influence of age, weight and height,
accordingto linear regressionequationsand meansfor
each group and bone site. Each bone site was also
adjustedfor anysignificantinfluenceof physicalactivity
and the parents’ BMD was also adjusted for any
significant influence of smoking habits. Differences
betweenthe smoking and non-smokingparentswere
investigatedusinga nonparametrictest for independent
samples (Mann–Whitney). Adjusted midparent bone
density [(BMD mother + BMD father)/2] (ZP) and
adjustedoffspring bonedensityZ-scores(ZO) werethen
computedseparatelybasedon the standarddeviations
andmeansin eachgroupandfor eachbonesite:

ZP = bonedensityP 7 meanP/standarddeviationP
ZO = bonedensityO 7 meanO/standarddeviationO

In a population,the phenotypicvariancecanbe divided
into geneticvarianceand nongeneticvariance.Genetic
varianceis further brokendown into additive,which is
transmissible between generations,and nonadditive,
which includes interactionsamong multiple loci and
dominancevariance.Thenongeneticvarianceconsistsof
commonenvironmentalfactorsandit shouldberealized
that this factor is often presentin a largeamountandis
oftendifficult to overcomeby experimentaldesign[16].

The heritability (h2) is definedasthe ratio of additive
geneticvariance(Va) to phenotypicvariance(Vp) [16]:

h2 = Va/Vp

Heritability estimatesthat includeonly additive genetic
variance (e.g. midparent–offspringcomparisons)are
termed ‘heritability in the narrow sense’(hN

2). In the
present study, heritability in the narrow sense was
estimatedfrom the regressioncoefficient (bp) of the
adjusted midparent bone density Z-scores (zbone
densityP) in linear regressionmodelswheretheadjusted
offspring’s bone density Z-score(zbone densityO) was
the dependentvariable,that is:

zbonedensityO = constant+ bp(zbonedensityP)

In the presentstudy it was assumedthat the children’s
bone density could be explained from the multiple
regressionmodel:

Bonedensity0 = h2 + phys+ ms+ bc + height+ e

Whereh2 is heritability, that is the adjustedmidparent
bone density of each site; phys is physical activity
(hours/week);msis leanbodymassandmusclestrength
of the quadricepsand hamstringsmuscles;bc is body
constitution,i.e. weight,height,BMI andfat mass;ande
is on error term, that is the environmentalfactorsnot
investigated in the present study and measurement
errors. Since many of the explanatoryvariableswere
found to be highly intercorrelated(r > 0.8, p<0.001),a
principal componentanalysis(PCA) was conductedto
avoid the consequencesof multicollinearity, i.e.,
impreciseregressionparameterestimates.The principal
components(PCs) formed from the original variables
were then used in a multiple regressionmodel to
evaluate in the boys the independent relationship
between bone density at different sites and the
explanatory variables above. PCA is a statistical
technique that linearly transformsan original set of
variablesinto a substantiallysmallersetof uncorrelated
variables.PCAsearchesfor a few linearcombinationsof
the original variablesthat capturemost of the informa-
tion (variance) of the original variables [17]. Geo-
metrically, the first PC is the line of closestfit to n
observationsin themultidimensionalvariablespace.The
secondPC is the line of closestfit to the residualsfrom
thefirst PC,andsoon.ThePCsaresometimesrotatedif
the unrotatedPCsaredifficult to interpret.Probablythe
most frequently used orthogonal rotation is Varimax,
and this rotation was also usedin the presentstudy. In
short,the Varimax rotationresultsin new perpendicular
coordinateaxeswherethe original variableshaveeither
small or large rotatedcomponentloadings,resulting in
PCsthat are easierto interpret.The rotatedcomponent
loadingsare the original variables’correlationwith the
PC that they form. The SPSSstatisticalpackage(SPSS,
Chicago,IL) for PCwasusedfor thestatisticalanalysis.
A p value lessthan0.05wasconsideredsignificant.

Results

Physical characteristicsand results of BMD measure-
mentsarepresentedin Table1.
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Heritability estimateswerecalculatedby adjustingthe
fathers’, mothers’ and sons’ BMD for weight, height,
age, and any significant influenceof physical activity
andsmokinghabitsat eachbonesiteaccordingto linear
regressionequations.Thus, all bone sites among the
fathers were also adjusted for amount of physical
activity, the mothers’ BMD values of the total body
andheadwereadjustedfor smokinghabits,andthesons’
BMD valuesof the total body,femoralneckandlumbar
spinewereadjustedfor the influenceof physicalactivity
(hours/week).After convertingmidparentBMD andthe
sons’BMD to Z-scores,heritability explained34%of the
variation in the sons’ total-body BMD (confidence

interval (CI) = 0.08–0.60,p<0.05), 54% (CI = 0.30–
0.79) of headBMD, 43% (CI = 0.16–0.67)of femoral
neckBMD, 38%(CI = 0.11–0.65)of lumbarspineBMD
(p<0.01) and 50% (CI = 0.24-0.76)of vBMD of the
spine.Heritability estimateswerealsocalculatedwithout
the four families wherethe motherswerepostmenopau-
sal. Accordingly,heritability explained31% (total-body
BMD), 52% (headBMD), 56% (femoral neck BMD),
32% (spine BMD) and 44% (spine vBMD) of the
variation.

The independentpredictors of the boys’ BMD of
differentsitesandspinevBMD wereevaluatedby means
of a multivariate analysis.The explanatoryvariables,
thatis theboys’weight,height,BMI, fat mass,leanbody
mass,quadricepsstrengthandhamstringsstrengthat 908
and 2258 per second,and physical activity, were first
transformedinto four PCs. The first PC consistedof
weight,BMI andfat mass,andthe secondPC consisted
of hamstringstrength,leanbodymassandheight(Table
2). The third and fourth PCs consistedof quadriceps
strengthand physicalactivity, respectively.Thesefour
PCsandthe adjustedmidparentBMD of eachsite were
thenusedin a multiple regressionanalysisto explainthe
boys’ BMD of each site (Table 2). The adjusted
midparent BMD was an independentpredictor of all
BMD sitesinvestigated,andspinevBMD, and the best
predictorof BMD atall sites,excepttheboys’ total-body
BMD. Physicalactivity wasan independentpredictorof
BMD of the total body, femoralneckandspine,but not
of the head(Table2).

Using linear regression,midparentBMD of the total
bodypredictedtheboys’ leanbodymassandquadriceps
strengthsignificantly,at bothvelocitiesmeasured(Table
3). Midparent BMD of the spine was significantly
correlatedwith theboys’ leanbodymass,andmidparent
spineBMD andmidparentfemoralneckBMD predicted

Table 1. Anthropometricdata, and different BMD measurements,
amongthe boys,mothersandfathers,respectively

Boys Mothers Fathers

Age (years) 17.0±0.4 44.5±4.4 47.1±4.4b,c

Weight (kg) 72.5±8.6 65.6±10.3 83.9±13.3a,b,c

Height (cm) .178±6.8 .164±5.4 .178±4.6a,c

BMI (kg/m2) 22.8±2.5 24.3±3.3 26.6±4.1a,b

Leanbody mass(kg) 57.3±5.1 39.4±3.5 58.4±5.9a,c

Fat mass(kg) 11.9±5.3 23.3±8.0 21.9±8.6b,c

Physicalactivity (h/week) 8.9±2.8 2.1±2.6 2.2±2.6b,c

BMD (g/cm2)
Total body 1.23±0.07 1.16±0.07 1.21±0.08a,c

Head 1.99±0.16 2.36±0.20 2.13±0.17a,b,c

Lumbarspine 1.27±0.12 1.23±0.14 1.15±0.13a,b

Femoralneck 1.24±0.12 0.95±0.11 0.96±0.11b,c

VolumetricBMD (mg/cm3)
Lumbarspine .356±30 .381±41 .324±37a,b,c

Valuesarethe mean± SD.
BMI, body massindex.
a.Significantdifferencewhencomparingfatherandmother,p<0.05.
b.Significantdifferencewhencomparingfatherandson,p<0.05.
c.Significantdifferencewhencomparingmotherandson,p<0.05.

Table 2. The independentrelationshipbetweenthe boys’ total body BMD, headBMD, femoralneckBMD, spineBMD andspinevolumetric
BMD, andbody weight, fat massandBMI (principal component1), leanbody mass,heightandhamstringsstrength(principal component2),
quadricepsstrength(principal component3), physicalactivity (principal component4) andadjustedmidparentbonedensityof eachsite

Dominantcontentof each Bonesite
principal component

Total body Head Spine Femoralneck

BMD vBMD

1. Body weight 0.37a 0.33b 0.09 70.08 70.04
Fat mass
BMI

2. Leanbody mass 0.02 0.02 0.25b 70.07 70.12
Height
Hamstringsstrength

3. Quadricepsstrength 0.26b 0.29b 0.13 70.04 70.31b

4. Physicalactivity 0.34a 0.11 0.26b 70.14 70.32a

Midparentbonedensityof eachsite 0.33a 0.45a 0.45a 70.56a 70.38a

R2 0.48a 0.39a 0.38a 70.31a 70.44a

Midparentbonedensitywasadjustedfor age,height,weight,andanysignificantinfluenceof physicalactivity andsmokinghabits.Betavalues,p
valuesandR2 valuesarepresented.
vBmD, volumetricBMD; BMI, body massindex.
a.p<0.01; bp<0.05.
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the boys’ quadricepsstrengthat 908 per second(Table
3).

The midparent–offspringdifferences in lean body
masswerefound to significantlypredict the midparent–
offspring differences in total-body BMD (b = 0.51,
p<0.001), spine BMD (b = 0.39, p= 0.005) and head
BMD (b = 0.43,p= 0.002),but not femoralneckBMD
(b = 0.28,p= 0.05)andspinevBMD (b = 0.00,p>0.05).
The midparent–offspring differencesin lean body mass
areplottedagainstthedifferencesin total-bodyBMD in
Fig. 1.

Discussion

The first aim of the presentstudywasto investigatethe
influence of heredity on BMD in adolescentboys, in
relation to different environmental factors such as
physicalactivity. SincearealBMD is affectedby bone
sizevolumetricBMD wasalsoestimatedfor the lumbar
spine[14]. In thepresentstudy,heritability accordingto

its narrow-sensedefinition explained 34–54% of the
variation in the sons’ BMD at the different sites
investigated.It seemsthat the heredity estimateswere
generallylower comparedwith thosefound in previous
twin studies. This may have several explanations.
Heritability is by definition the geneticvariancedivided
by the total variance. The total variance, in the
denominator,is thevarianceattributedto geneticfactors
plus the nongeneticvariance.The nongeneticvariance
representsenvironmental factors, and in the present
study the parents and offspring had significantly
different lifestyles,at leastconcerningphysicalactivity.
This could have increasedthe environmentalvariance,
andthensubsequentlydecreasedthe estimatedvariation
in bonedensityattributedto heritability by its definition.
Some of the difference most probably also reflects
differentstudydesigns.Mostpreviousstudiesevaluating
the influenceof heredityon bonedensityhaveusedthe
twin model,andabout80%of thevariationin BMD has
been attributed to heritability [5–7]. However, many
studieshave found heritability estimatesof more than
100%, or unreasonablehigh estimates[6,7]. Accord-
ingly, Slemendaandcolleagues[7] evaluatedthe impact
of genetic factors in 171 twin pairs and critically
considered the results. The results showed lower
intraclasscorrelationsbetweenthe monozygotictwins
thanheritability estimates.Thismustreasonablyindicate
a violation of some assumption associated with
analyzing twin data, since the genesof monozygotic
twins are identical andmust thereforebe consideredas
an upper limit for heritability. In parent–offspring
studies, on the other hand, the heritability estimates
will be affectedby the difference in age betweenthe
parentsandtheir children.In thepresentstudy,theboys
were about 17 years old with little variation. Since
adolescenceis a time of rapid bone accumulation,
differences in developmentwould increasethe non-
genetic variance among the boys. This might have
influencedthe estimatedproportion of varianceattrib-
uted to heritability. We also investigatedthe possibility
that thefour postmenopausalwomenwould decreasethe
estimatesof heredity due to a more rapid bone loss
during and after menopause.However,excludingthese

Table 3. The relationshipbetweenmidparentbonedensityandthe sons’ leanbody mass,andmusclestrengthof the thigh

Parametersof the boys Midparentbonedensity

Total body Head Spine Femoralneck

BMD vBMD

Leanbody mass 0.30b 0.21 0.33b 0.21 0.26
Quadricepsstrength908/s 0.47a 0.21 0.30b 0.13 0.31b

Quadricepsstrength2258/s 0.38a 0.12 0.27 0.11 0.24
Hamstringsstrength908/s 0.26 0.21 0.19 0.15 0.26
Hamstringsstrength2258/s 0.15 0.11 0.05 0.11 0.07

Betavaluesandp valuesarepresented.
vBMD, volumetricBMD.
a.p<0.01;b.p<0.05.

Fig. 1. Midparent–offspringdifference in lean body mass(grams)
plottedagainstmidparent–offspringdifferencein total-bodyBMD (g/
cm2). Beta= 0.51,p<0.001,R2 = 0.2593.
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women increasedthe heritability estimateonly of the
femoralneck.

With these facts in mind, parent–offspringstudies
generally result in lower estimatesof the influenceof
heredityonbonedensity.Jouannyetal. [18] investigated
the importanceof geneticfactorsin 129nuclearfamilies
andfoundthatBMD of thetotal bodyin thechildrenwas
significantly associated with that of their parents
(r = 0.30, p<0.0001). Krall and Dawson-Hughes[9]
investigated160membersof 40adult familiesandfound
heritability to explain46–62%of the variation in BMD
at differentsites.It seemsthat thepresentstudysupports
previous studies and suggeststhat heritability is an
important factor determining the variation in bone
density during late puberty in boys. The fact that
physical activity was also an independentsignificant
predictorof the sons’BMD in the presentstudyimplies
that environmental factors are important for the
developmentof peakbonedensityin men.

In the presentstudy all but three of the sonswere
active in intensive junior ice hockey training, while
many of the fathers were overweight and about half
statedthat they had a sedentaryjob with little or no
physical activity. Interestingly,the sonswere found to
have an almost 30% higher femoral neck BMD
comparedwith their fathers,althoughthe fathershad a
muchgreaterbodyweight.A subgroupof boysfrom the
presentstudy hasalso beencomparedwith a group of
adult ice hockey playerswith a meanageof 25 years
[19]. The adult ice hockeyplayerswere found to have
10%higherBMD of thefemoralneckthanthesubgroup
from the presentstudy, indicating that the boys in the
presentstudyhavenot yet reachedtheir peakbonemass,
which would increasethe differencecomparedwith the
fathers’ BMD. Furthermore,28 boys involved in ice
hockeytraining from the presentstudy were compared
with 24 age-matchedboyswith a low level of physical
activity [11]. The ice hockeygroup was found to have
about9% higherBMD of the femoralneck.With these
facts in mind, it seemsthat the difference in femoral
neck BMD betweenthe fathersand sonsin the present
studyis a resultof a highly physicallyactivelifestyle in
the sons and a sedentary lifestyle in the fathers.
Admittedly, early middle age in men might be related
to bone loss by age per se, even though we have not
found sucha report.BMD of the fathersin the present
study was also comparedwith the BMD of malesin a
study from the southernpart of Sweden[20]. Those
authorspresentedthe data as normative,and interest-
ingly the men (aged40–49 years) investigatedin that
studyshowedequivalentBMD of thetotal body,femoral
neckandspineasin the presentstudy.

Another aim of the presentstudy was to determine
whether the samegenetic factors might influence the
variation in bonemass,musclestrengthand lean body
mass. Previous studies concerning the relationship
betweenBMD and musclestrengthare not conclusive.
Site-specific relationships have been demonstrated
between muscle strength and BMD of the adjacent
bones [13,21]. This might indicate a potential for

muscle-strengtheningexercisesto increaseBMD [22].
However,the presentstudy and others[13,15,21]have
demonstratedrelationshipsbetweenmusclestrengthand
BMD also of distant bones,indicating a more general
relationshipbetweenBMD and musclestrength.In the
presentstudywe also found midparentBMD to predict
the boys’ lean body mass and quadriceps muscle
strength, and the midparent–offspring difference in
lean body mass predicted the midparent–offspring
difference in bone density. Furthermore,spine BMD
wasadjustedfor theinfluenceof bonesizeby estimating
volumetric bone density. Interestingly, in the boys
musclestrengthdid not predict spinevolumetric BMD
independently,andmidparentspinevolumetricBMD did
not predict the boys’ muscle strengthand lean body
mass. These results indicate a general association
betweenbonemass,leanbodymassandmusclestrength,
hypotheticallymediatedby somegenesinfluencingthese
parametersby affectingsizeduring latepubertyin boys.
This suggestionis supportedby a recentstudyin which
Seemanandassociates[23] investigatedtheassociations
between muscle strength, lean body mass and bone
densityin 56 monozygoticand56 dizygotic twins. The
authorsconcludedthat morethanhalf the covariancein
BMD of the femoral neck and lean body mass was
attributed to the same genetic factors. It was also
suggestedthat the associationbetweenmusclestrength
andBMD might bedeterminedby genesregulatingbody
size.

In conclusion,the presentparent–offspringstudyhas
demonstratedheritability accordingto its definitionto be
animportantdeterminantof thevariationin bonedensity
during late puberty in boys. However, the resultsalso
suggestthat physicalactivity is importantfor achieving
the highest possible peak bone density, and that a
sedentarylifestyle might be associatedwith substantial
boneloss in men.Basedon the resultswe alsosuggest
that the samegeneticfactors influencethe variation in
bone mass, lean body mass and muscle strength in
adolescentboysby influencingbody size.
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