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Abstract. The purpose of the present parent—offspringnant of the variance in BMD in young men. Based on the
study was to investigate the influence of heredity andesults we suggest that the same genetic factors may
environment on bone density in young men. Another ainminfluence bone mass, lean mass and muscle strength by
was to discover whether the same genetic factoraffecting body size. The present study also emphasizes
influence bone mass, lean mass and muscle strengtthhe importance of physical activity for the development
Fifty families including a father, mother and one sonand maintenance of BMD in men.

were investigated. The mothers (aged 44.5 + 4.4 years)

and fathers (aged 47.1 = 4.4 years) generally had &eywords: Bone density; Heredity; Men; Muscle
sedentary lifestyle with little physical activity. As a strength; Physical activity

contrast, all but three of the sons (aged 17.0 + 0.4 years)
were active in ice hockey training. Bone mineral density

(BMD, gl/cn?) of the total body, head, lumbar spine and

femoral neck was measured using dual-energy X-rayntroduction
absorptiometry. Muscle strength of the hamstrings and

quadriceps muscles was also measured in the boys. BMB, o jcidence of osteoporosis has increased in both

values of different sites in the fathers, mothers and songg, o5 since the 1950s in most Western societies, but
were adjusted for weight, height, age, and any &gmﬂcanierhaps especially in men [1,2]. The bone mineral
influence of environment. Heritability estimates Weredensity (BMD, g/cm) has been demonstrated to be the

obtained as regression coefficients with the bOysyqqi nredictor of the future risk of fracture [3] and it has
adjusted BMD as dependent variable and the adjustegeenp demonstrated that peak bone n[1a]ss probably

midparent bone density (father BMD + mother BMD/2) accounts for at least 50% of the variation in bone mass

as independent variable. Accordingly, heritability €x-oyan'in the very elderly [4]. Therefore, to establish the

plained 34-54% of the variation in the sons’ BMD. oo jictors of BMD just after the rapid increase in BMD
Ilvlldparent BMD dOf se\:je_ral sites talso ﬁ{edlctg\d thg boysfiuring the pubertal growth spurt period would probably
€an mass and quadriceps strength, and midparéiigerease the possibilities for  effective  preventive
offspring differences in lean mass predicted m'dparem_strategies.
off_spnrég dgfggan(;:%slm g'\gg) ofl_tr?e total body, ?eaddatnd The main determinant of BMD in adults is probably
spine § = 0.30-0.51p<0.05). The sons were found t0 . i i, 1z : -

have almost 30% higher femoral neck BMD than theirhemalblllty [5-7], although the evidence is somewhat

fathers, and physical activity (hours/week) predictedinconSiStent' More than 20 years ago, Smith and
BMD at several sites among the sofis= 0.26-0.34, colleagues [8] demonstrated that BMD of the forearm

; AT ; . was more similar in monozygotic than in dizygotic
p<0.05). In conclusion, heritability is a main determi- twins, suggesting that the variaton in BMD is

— determined at least in part by genetic factors. This
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violation of some of the assumptionsassociatedwith
analysisof twin data,the estimatesaretoo high in some
studies [7]. Parent—offspringstudies, measuring the
degree of resemblancebetween parents and their
children, can also be usedto estimatethe degreeof
influence of heritability on the variation in BMD.
Accordingly, Krall and Dawson-Hughes[9] demon-
stratedin a studyincluding 40 families that heritability
explained about 50% of the variation in BMD after
adjustmentdor significantenvironmentafactors.

Weight and physicalactivity are otherfactorshighly
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
demonstratedhat the type of weight-bearingphysical
activity undertakens animportantdeterminanof BMD
in adolescenboys[11]. Muscle strengthhasalso been
demonstratedo be a strongpredictorof BMD [13]. A
strong muscle might increaseBMD by creating high
strainsin adjacentoones.However,musclestrengthhas
beendemonstratedo be a significant predictoralso of
BMD of distantbones[11], indicating a more general
relationshipaswell.

The purposeof the presenparent—offspringtudywas
to investigatethe influenceof heredityon bonedensity
in adolescenboysin relation to environmentalfactors
suchasphysicalactivity andbody constitution.Another
aim was determinewhether the same genetic factors
might influence the variation in bone mass, muscle
strengthand lean body massin the samegroup.

Material and Methods
Subjects

Sixty-four families including a father, mother and one
son were askedto participatein this study. Of these
families, six did not wantto, or could not participatefor

various reasons,and eight families were excluded
becauseof medicationsor diseasesknown to affect
bonedensity,leaving50 familiesin the study.The boys,
aged 17.0 + 0.4 years (range 16.4-18.1years), had
previously all been active in ice hockey training to

varying degreesand 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). Thethreeremainingboyshadstoppedplayingice
hockeyaboutl year beforethis investigationbut were
instead active in soccer and bandy ball training,
respectively All boyswere also participatingin 2 h of

general physical education training in school every
week. None of the boys smoked.

Using a standardizedguestionnaireand interviews,
information was collected regardingthe mothers’ and
fathers’ work during the previous 5 years, and their
physicalactivity level (hours/week)during the previous
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5 years.Smokinghabitswererecordedaspresensmoker
(1) or non-smoker(0). Physical activity (hours/week)
was defined as physical exercise combined with
sweating or breathlessnessThe mothers were also
investigatedconcerning use of the contraceptivepill
andirregularity of mensesgdefinedas no mensedor 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 any site thanthe restof the mothers.The
contraceptivepill wascurrentlybeingusedby five of the
motherg(10%)and10 (20%)weresmokersTheaverage
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 sedentaryThe
fathers were aged 47.1 £ 4.4 years (range 39.0-57.2
years) and nine (18%) were smokers. The average
amountof training every weekwas 2.2 = 2.6 h (range
0-15 h). Twenty-one (42%) of the fathers statedthat
they had trained at most 1 hour/weekduring the last 5
yearsand 24 (48%) classifiedtheir work assedentary.

The parentsandtheir sonsgavetheir written informed
consentto participate in this study. The study was
approved by the Ethics Committee of the Medical
Faculty, UmeaUniversity.

Methods

Fat mass,lean body massand areal BMD of the head
werederivedfrom atotal-bodyscanandthe autoanalysis
program,using a Lunar DPX-L (Lunar, Madison WI)
dual-energy X-ray absorptiometer,software version
1.3y. The headwasdefinedasthe whole headincluding
the first four cervical vertebrae. To maximize the
precision the centering option was used and scaling
wassetto about200. Theright femoralneckBMD was
obtainedusingthe femur software,andthe lumbarspine
(L2—4) BMD, bonemineralcontent(BMC, grams),bone
area(cn?), and height were obtainedusing the spine
software. Since areal BMD (g/cn?) is affectedby the
bonesize,volumetrichonemineraldensity(vBMD, mg/
cm’) wasalsoestimatedor thelumbarspine[14]. It was
then assumedhat 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) x 1000 (mg/cnT). In our laboratory, the
coefficient of variation (CV value; SD/mean)for a
total body scanis 0.7% [15] andthe CV valuesfor the
femur software and spine software are 1.5% and 1%,
respectively.Using the sameprocedurethe CV values
wereestimatedo be 0.9%and2.6%for leanbody mass
and fat mass, respectively [15]. To minimize the
interobservervariation, all analyseswere made by the
sameinvestigator.
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IsokineticMuscle Strength

Isokinetic muscle strength of the right quadriceps
femoris and hamstrings muscles in the boys was
measuredin newton-meters(N m) using a Biodex
isokinetic dynamomete(Biodex, New York, NY). The
subjectwas seatedwith a 120° hip anglewith the lever
attachedjust abovethe ankle. The dynamometer'saxis
of rotation was aligned with the knee joint and the

angular movementof the knee joint was 90°. Each
subjectmadefive maximalconsecutiveepetitionsat 90°

persecondand 10 at 225’ persecond.Therestbetween
changeof velocitieswasapproximately30s. The highest
peaktorquefor eachvelocity wasusedin the correlation
analysis.Threeof the 50 boyscould not participatedue
to injuries at the time of the testing.

Clinical Measurements

Height and body weight were measuredn stockinged
feetandunderweausingstandardizeegquipmentBody
magsindex (BMI) wascalculatedasweight (kg)/ height
(m)~.

Statistics

An analysis of variance (ANOVA) was usedto test

differencesbetweenthe fathers,mothersand sons.The

BMD values for the fathers, mothersand sons were

adjustedfor the influence of age, weight and height,

accordingto linear regressionequationsand meansfor

each group and bone site. Each bone site was also

adjustedor any significantinfluenceof physicalactivity

and the parents’ BMD was also adjusted for any

significant influence of smoking habits. Differences
betweenthe smoking and non-smokingparentswere

investigatedusing a nonparametridestfor independent
samples (Mann-Whitney). Adjusted midparent bone
density [(BMD mother + BMD father)/2] (Z5) and

adjustedoffspring bonedensityZ-scores(Zo) werethen

computedseparatelybasedon the standarddeviations
and meansin eachgroupandfor eachbonesite:

Zp = bonedensity, — mean/standarddeviatiorp
Zo = bonedensityy, — meany/standarddeviatiory

In a population,the phenotypicvariancecanbe divided
into geneticvarianceand nongeneticvariance.Genetic
varianceis further brokendown into additive, which is
transmissible between generations,and nonadditive,
which includes interactions among multiple loci and
dominancerariance.The nongenetiozarianceconsistof
commonenvironmentafactorsandit shouldbe realized
that this factor is often presentin a largeamountandis
often difficult to overcomeby experimentadesign[16].
The heritability (h,) is definedastheratio of additive
geneticvariance(V,) to phenotypicvariance(V,) [16]:

h2 = Va/Vp
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Heritability estimateghat include only additive genetic
variance (e.g. midparent—offspringcomparisons)are
termed ‘heritability in the narrow sense’(hy?). In the
present study, heritability in the narrow sensewas
estimatedfrom the regressioncoefficient (b,) of the
adjusted midparent bone density Z-scores (zbone
density) in linear regressiormodelswherethe adjusted
offspring’s bone density Z-score (zbone density,) was
the dependenvariable,thatis:

zbonedensity, = constant+ by(zbonedensity)

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

Bonedensity, = h, + phys+ ms+ bc + height+ e

Where h, is heritability, that is the adjustedmidparent
bone density of each site; phys is physical activity
(hours/week)msis leanbody massand musclestrength
of the quadricepsand hamstringsmuscles;bc is body
constitution,i.e. weight, height,BMI andfat massande
is on error term, that is the environmentalfactors not
investigated in the present study and measurement
errors. Since many of the explanatoryvariableswere
found to be highly intercorrelatedr > 0.8, p<0.001),a
principal componentanalysis(PCA) was conductedto
avoid the consequencesof multicollinearity, i.e.,
impreciseregressiorparametetestimatesThe principal
components(PCs) formed from the original variables
were then used in a multiple regressionmodel to
evaluate in the boys the independentrelationship
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 PCA searche$or afew linearcombinationf
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
observation#n the multidimensionalariablespaceThe
secondPCis the line of closestfit to the residualsfrom
thefirst PC,andsoon. The PCsaresometimesotatedif
the unrotatedPCsare difficult to interpret.Probablythe
most frequently used orthogonalrotation is Varimax,
and this rotation was also usedin the presentstudy. In
short,the Varimax rotationresultsin new perpendicular
coordinateaxeswherethe original variableshaveeither
small or large rotatedcomponentioadings,resultingin
PCsthat are easierto interpret. The rotatedcomponent
loadingsare the original variables’ correlationwith the
PCthatthey form. The SPSSstatisticalpackage(SPSS,
Chicago,IL) for PCwasusedfor the statisticalanalysis.
A p valuelessthan0.05was consideredsignificant.

Results

Physical characteristicsand results of BMD measure-
mentsare presentedn Table 1.
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Table 1. Anthropometric data, and different BMD measurements,
amongthe boys, mothersand fathers,respectively

Boys Mothers Fathers
Age (years) 17.0¢0.4 44.5+4.4 47.1+4.8°
Weight (kg) 72.5+8.6 65.6+10.3 83.9+13.83P°
Height (cm 178+6.8 164+5.4 178+4.6"°
BMI (kg/n) 228425 243433 26.6+4.F°
Leanbody mass(kg) 57.3#5.1 39.4+35 58.445.9°
Fat mass(kg) 11.9+53 23.3¢8.0 21.9+8.6°
Physicalactivity (h/week) 8.9+2.8  2.1+2.6  2.2+2.8°
BMD (g/cnt)
Total body 1.23+0.07 1.16+0.07 1.21+0.08°
Head 1.99+0.16 2.36+0.20 2.13+0.17P°
Lumbarspine 1.27+0.12 1.23+0.14 1.15+0.13°
Femoralneck 1.24+0.12 0.95+0.11 0.96+0.1P°
VolumetricBMD (mg/cn?)
Lumbar spine 356+30 381+41 324+3PPC

Valuesarethe mean+ SD.

BMI, body massindex.

& Significantdifferencewhen comparingfather and mother, p<0.05.
Significantdifferencewhen comparingfather and son, p<0.05.

¢ Significantdifferencewhen comparingmotherand son, p<0.05.

Heritability estimatesverecalculatedoy adjustingthe
fathers’, mothers’ and sons’ BMD for weight, height,
age, and any significant influence of physical activity
andsmokinghabitsat eachbonesite accordingto 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
andheadwereadjustedor smokinghabits,andthe sons’
BMD valuesof thetotal body, femoralneckandlumbar
spinewereadjustedor theinfluenceof physicalactivity
(hours/week)After convertingmidparentBMD andthe
sons'BMD to Z-scoresheritability explained34%of the
variation in the sons’ total-body BMD (confidence
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interval (Cl) = 0.08-0.60,p<0.05), 54% (Cl = 0.30—
0.79) of headBMD, 43% (Cl = 0.16—0.67)of femoral
neckBMD, 38% (Cl = 0.11-0.65)pf lumbarspineBMD
(p<0.01) and 50% (CI = 0.24-0.76)of vBMD of the
spine.Heritability estimatesverealsocalculatedwvithout
the four families wherethe motherswere postmenopau-
sal. Accordingly, heritability explained31% (total-body
BMD), 52% (head BMD), 56% (femoral neck BMD),
32% (spine BMD) and 44% (spine vBMD) of the
variation.

The independentpredictors of the boys’ BMD of
differentsitesandspinevBMD wereevaluatedy means
of a multivariate analysis. The explanatoryvariables,
thatis theboys’ weight, height,BMI, fat massjeanbody
massquadricepstrengthandhamstringsstrengthat 90°
and 225 per second,and physical activity, were first
transformedinto four PCs. The first PC consistedof
weight, BMI andfat mass,andthe secondPC consisted
of hamstringstrength Jeanbody massandheight(Table
2). The third and fourth PCs consistedof quadriceps
strengthand physical activity, respectively.Thesefour
PCsandthe adjustedmidparentBMD of eachsite were
thenusedin a multiple regressioranalysisto explainthe
boys’ BMD of each site (Table 2). The adjusted
midparentBMD was an independentpredictor of all
BMD sitesinvestigatedand spinevBMD, andthe best
predictorof BMD atall sites,exceptthe boys’ total-body
BMD. Physicalactivity wasanindependenpredictorof
BMD of thetotal body, femoralneckandspine,but not
of the head(Table 2).

Using linear regressionmidparentBMD of the total
body predictedthe boys’ leanbody massandquadriceps
strengthsignificantly,at bothvelocitiesmeasuredqTable
3). Midparent BMD of the spine was significantly
correlatedwith theboys’ leanbody massandmidparent
spineBMD andmidparentfemoralneckBMD predicted

Table 2. The independentelationshipbetweenthe boys’ total body BMD, headBMD, femoralneckBMD, spineBMD and spinevolumetric
BMD, andbody weight, fat massand BMI (principal componentl), lean body mass,heightand hamstringsstrength(principal component?),
quadricepsstrength(principal component3), physicalactivity (principal component4) and adjustedmidparentbonedensityof eachsite

Dominantcontentof each Bonesite
principal component
Total body Head Spine Femoralneck
BMD vBMD
1. Body weight 0.37 0.3% 0.09 —0.08 —0.04
Fatmass
BMI
2. Leanbody mass 0.02 0.02 0.28 —0.07 —-0.12
Height
Hamstringsstrength
3. Quadricepsstrength 0.2¢ 0.29 0.13 —0.04 0.3
4. Physicalactivity 0.34 0.11 0.28 0.14 0.32
Midparentbonedensityof eachsite 0.33 0.45" 0.45" 0.56" 0.38
R? 0.48 0.3¢ 0.3¢ 0.3° 0.44

Midparentbonedensitywasadjustedor age,height,weight,andany significantinfluenceof physicalactivity andsmokinghabits.Betavalues,p

valuesand R? valuesare presented.
vBmD, volumetricBMD; BMI, body massindex.
3p<0.01;p<0.05.
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Table 3. The relationshipbetweenmidparentbone densityandthe sons’lean body mass,and musclestrengthof the thigh
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Parametersf the boys

Midparentbonedensity

Total body Head Spine Femoralneck
BMD vBMD
Leanbody mass 0.30° 0.21 0.3% 0.21 0.26
Quadricepsstrength90°/s 0.47 0.21 0.30° 0.13 0.3P
Quadricepsstrength225’/s 0.38 0.12 0.27 0.11 0.24
Hamstringsstrength90°/s 0.26 0.21 0.19 0.15 0.26
Hamstringsstrength225'/s 0.15 0.11 0.05 0.11 0.07
Betavaluesandp valuesare presented.
vBMD, volumetric BMD.
4p<0.01;" p<0.05.
02 5 its narrow-sensedefinition explained 34-54% of the
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Fig. 1. Midparent—offspringdifference in lean body mass(grams)
plottedagainstmidparent—offspringlifferencein total-bodyBMD (g/
cm?). Beta= 0.51,p<0.001,R? = 0.2593.

the boys’ quadricepsstrengthat 90° per second(Table

3).

The midparent—offspringdifferencesin lean body
masswere foundto significantly predictthe midparent—
offspring differencesin total-body BMD (f = 0.51,
p<0.001), spine BMD (f = 0.39, p=0.005) and head
BMD (f = 0.43,p=0.002),but not femoralneck BMD
(p =0.28,p=0.05)andspinevBMD (f = 0.00,p>0.05).
The midparent—offsprig differencesin leanbody mass
are plottedagainstthe differencesin total-bodyBMD in
Fig. 1.

Discusson

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 wasalsoestimatedor the lumbar
spine[14]. In the presentstudy, heritability accordingto

variation in the sons’ BMD at the different sites
investigated.lt 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
denominatorjs the varianceattributedto 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,
andthensubsequentlylecreasedhe estimatedvariation
in bonedensityattributedto heritability by its definition.
Some of the difference most probably also reflects
differentstudydesignsMost previousstudiesevaluating
the influenceof heredityon bonedensityhave usedthe
twin model,andabout80% of the variationin BMD has
been attributed to heritability [5-7]. However, many
studieshave found heritability estimatesof more than
100%, or unreasonableéhigh estimates[6,7]. Accord-
ingly, Slemendandcolleagueg7] evaluatedheimpact
of genetic factors in 171 twin pairs and critically
considered the results. The results showed lower
intraclasscorrelationsbetweenthe monozygotictwins
thanheritability estimatesThis mustreasonablyndicate
a violation of some assumption associated with
analyzing twin data, since the genesof monozygotic
twins are identical and mustthereforebe consideredas
an upper limit for heritability. In parent—offspring
studies, on the other hand, the heritability estimates
will be affectedby the differencein age betweenthe
parentsandtheir children.In the presentstudy,the boys
were about 17 years old with little variation. Since
adolescenceis a time of rapid bone accumulation,
differencesin developmentwould increasethe non-
genetic variance among the boys. This might have
influencedthe estimatedproportion of varianceattrib-
utedto heritability. We alsoinvestigatedthe possibility
thatthefour postmenopausaiomenwould decreas¢he
estimatesof heredity due to a more rapid bone loss
during and after menopauseHowever,excludingthese
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women increasedthe heritability estimateonly of the
femoral neck.

With thesefacts in mind, parent—offspringstudies
generallyresultin lower estimatesof the influence of
heredityon bonedensity.Jouannyetal. [18] investigated
theimportanceof geneticfactorsin 129 nuclearfamilies
andfoundthatBMD of thetotal bodyin thechildrenwas
significantly associatedwith that of their parents
(r=0.30, p<0.0001). Krall and Dawson-Hugheg[9]
investigatedl60 memberof 40 adultfamiliesandfound
heritability to explain 46—62%of the variationin BMD
atdifferentsites.lt seemghatthe presenstudysupports
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
developmenbf 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
muchgreaterbody weight. A subgroupof boysfrom the
presentstudy has also beencomparedwith a group of
adult ice hockey playerswith a meanage of 25 years
[19]. The adult ice hockey playerswere found to have
10% higherBMD of thefemoralneckthanthe subgroup
from the presentstudy, indicating that the boysin the
presenstudyhavenot yet reachedheir 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 femoral neck. With these
facts in mind, it seemsthat the differencein femoral
neck BMD betweenthe fathersand sonsin the present
studyis aresultof a highly physicallyactivelifestyle in
the sons and a sedentary lifestyle in the fathers.
Admittedly, early middle agein men might be related
to boneloss by age per se, eventhough 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 same genetic factors might influence the
variation in bone mass,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
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muscle-strengtheningxercisesto increaseBMD [22].
However,the presentstudy and others[13,15,21] have
demonstratedelationshipsbetweenmusclestrengthand
BMD also of distantbones,indicating a more general
relationshipbetweenBMD and musclestrength.In the
presentstudy we also found midparentBMD to predict
the boys’ lean body mass and quadriceps muscle
strength, and the midparent—offsprig difference in
lean body mass predicted the midparent—offspring
difference in bone density. Furthermore,spine BMD
wasadjustedor theinfluenceof bonesizeby estimating
volumetric bone density. Interestingly, in the boys
musclestrengthdid not predict spine volumetric BMD
independentlyandmidparentspinevolumetricBMD did
not predict the boys’ muscle strengthand lean body
mass. These results indicate a general association
betweerbonemassjeanbody massandmusclestrength,
hypotheticallymediatedoy somegenesnfluencingthese
parameterdy affectingsizeduring late pubertyin boys.
This suggestions supportedoy a recentstudyin which
Seemarandassociatef23] investigatedhe associations
between muscle strength, lean body mass and bone
densityin 56 monozygoticand 56 dizygotic twins. The
authorsconcludedthat more than half the covariancen
BMD of the femoral neck and lean body masswas
attributed to the same genetic factors. It was also
suggestedhat the associatiorbetweenmusclestrength
andBMD might be determinediy genegegulatingbody
size.

In conclusion,the presentparent—offspringstudy has
demonstratetieritability accordingto its definitionto be
animportantdeterminanbf thevariationin bonedensity
during late pubertyin boys. However, the resultsalso
suggesthat physicalactivity is importantfor achieving
the highest possible peak bone density, and that a
sedentanflifestyle might be associatedvith substantial
bonelossin men.Basedon the resultswe also suggest
that the samegeneticfactorsinfluencethe variation in
bone mass, lean body mass and muscle strengthin
adolescenboysby influencingbody size.
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