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Highlights

 Ethnic differences in bone health were investiganedK men using DXA and pQCT

Areal BMD was highest in Black Afro-Caribbean comgzhto White and South Asian men

Black Afro-Caribbean men had the most advantaggeometry and bone distribution

No differences in areal BMD between South Asian Wffdte men

At the tibia, South Asians had thinner cortices bweer strength than White men



Abstract

Relatively little is known about the bone healthetiinic groups within the UK and data are largeltricted to
women. The aim of this study was to investigatenietidifferences in areal bone mineral density (aBMD
volumetric bone mineral density (vBMD), bone gearypeind strength in UK men.

White European, Black Afro-Caribbean and South Asieen aged over 40 years were recruited from Greate
Manchester, UK. aBMD at the spine, hip, femoralkne@ed whole body were measured by DXA. Bone
geometry, strength and vBMD were measured at iesand tibia using pQCT at the metaphysis (4%) an
diaphysis (50% radius; 38% tibia) sites. Adjustrsemére made for age, weight and height.

Black men had higher aBMD at the whole body, tbipland femoral neck compared to White and SouiarAs
men independent of body size adjustments, withifierdnces between the latter two groups. White mad
longer hip axis lengths than both Black and Sou#fiaA men. There were fewer differences in vBMD but
White men had significantly lower cortical vBMD #te tibial diaphysis than Black and South Asian men
(p<0.001). At the tibia and radius diaphysis, Rlanen had larger bones with thicker cortices anshtgr
bending strength than the other groups. There Vesver differences between White and South Asian.mé¢

the metaphysis, South Asian men had smaller bgves@2) and lower trabecular vBMD at the tibia (B343).

At the diaphysis, after size-correction, South Asi@en had similar sized bones but thinner cortibas White
men; measures of strength were not broadly redinceek South Asian men.

Combining pQCT and DXA measurements has given lndigo differences in bone phenotype in men from
different ethnic backgrounds. Understanding sudferinces is important in understanding the aediplof

male osteoporosis.



1. Introduction

Osteoporosis is an important health problem throglassociation with age-related fractures andsequent
morbidity and mortality. There are important diffaces in the occurrence of age related fractuedwden
different regions and populations, which are fkeélie to variation in bone strength and, or traunparticularly
fall risk. Within the UK there is good evidenceoabbone health among people of White Europeandracikd,
however, relatively little is known about the urgierg bone health in the 10% of people with a nohit&/
European background. Recent results from the UKi€l Practice Research Datalink report the incideof
hip fracture in White men to be 2.7 times greatemtin Black men, and approximately double thaSofith
Asian men [1]. However, there are few data concgrione mass and strength, and the underlyingrdigtents

of fracture risk in UK ethnic minority groups, witto data in men.

One of the first studies in the UK addressing etlitdifferences in bone health compared areal BMOMBIBIn
women who were White European, Black Afro-Caribbead South Asian aged 50-55 years using dual energy
X-ray absorptiometry (DXA) [2]. This study showdtht lumbar spine and femoral neck aBMD were higher
Black Afro-Caribbean compared to White European wonConversely South Asian women were reported to
have a lower lumbar spine and femoral neck aBMD mamed to White European women, however, after
correcting for skeletal size the differences at litmabar spine were attenuated [2]. Similarly, aeothtudy
showed that in women aged 24-35 years, South As@nen had lower aBMD compared to White European
women, however, after adjustments for body or tsire the difference between the groups were atted(a].
These studies illustrate the limitations of DXA wheéescribing population differences [4,5] where Yogize

and habitus differ. Using peripheral quantitativemputed tomography (pQCT) has advantages because it
measures volumetric BMD (vBMD), cortical and trablec compartments separately and provides infoonati
also about other structural parameters which dautii to bone strength. There are limited data coimgpa
pQCT measurements in different ethnic groups. éngdhme study reporting no differences in womenze-s
corrected DXA measurements, the pQCT results shah&dSouth Asian women had lower cortical vBMD,
bone mineral content (BMC) and thinner corticeshat radial diaphysis compared to White European gom
[6]. Despite lower BMC in the South Asian womennbacstrength as estimated using the stress strdexin
(SSI1) was similar. Thus, it is possible that boonégre-menopausal South Asian women may be effilgien
adapted to a lower BMC as a result of a differasatridbution of bone mineral within the periostealvelope,

thereby preserving bone strength [6,4]. WhetheséHindings are similar in men remains unknown.



The aim of this study was to investigate ethnidedénces in aBMD of the spine, hip and whole bodg &
vBMD, bone geometry and estimates of bending arglaoal bone strength (cross-sectional moment exftien
(CSMI) and stress strain index (SSI)) [7-9] at thetaphyseal and diaphyseal radius and tibia, U3XW and
pQCT in White European, Black Afro-Caribbean anditBoAsian men living in the UK. We investigatedals

whether any observed differences could be expldiydobdy weight and height.

2. Methods

2.1. Participants
Community-dwelling White European men aged 40 yaacsover were recruited from primary care regssier
Manchester (UK) for participation in the Europearal& Aging Study (EMAS) [10]. Stratified random
sampling (by 10 year age band : 40-49 years, 5¢e88s, 60-69 years and 70 — 79 years) was usesuijects
were invited by letter of invitation to attend ac#b clinic for assessment including pQCT and DXA
measurements and assessment of height and wédigbtmen subsequently attended a follow-up assessshen
identical measurements a median of 4.3 years [8her results reported here are from the follow-sgeasment.
During the EMAS follow-up assessment, men agedeHrsyand over who were Black and of Afro-Caribbean
descent and South Asian men who were of PakidBamigladeshi or Indian descent were invited to dttien
the same suite of assessments. Ethnicity wasedkby participants’ self-report with 3 of 4 grandgats being
of identical ethnic origin. Recruitment for thesthréc groups was through a combination of approsche
including advertising in community centers and thgio local media targeted at the relevant ethnicgsoAt
their clinic visit, participants completed an intewer-assisted questionnaire which included gqoastito
determine their Physical Activity in the ElderlyABE) score [11]. Smoking status was assessed Kiggas
whether participants had ever smoked at least 1§¥rettes or been a regular pipe or cigar smokbos&
answering yes to any of the questions were cormidas ever smokers. Ethical approval for the study
obtained in accordance with the local ethics revimard in Manchester. All participants provided tter

informed consent.

2.2. Anthropometry



Height was measured to the nearest 1 mm usingdéostater (Leicester Height Measure, SECA UK Ltd)l an
body weight was measured to the nearest 0.1 kgywsinelectronic scale (SECA UK Ltd). Body mass inde

(BMI) was calculated as weight in kilograms (kgyided by the square of height (m).

2.3. Dual-energy x-ray absor ptiometry
Participants had dual-energy X-ray absorptiomd¥4) scans performed on QDR 4500A Discovery scanner
software version Apex 4.1 (Hologic Inc., BedfordAMJSA). Measurements of aBMD at the whole bodialto
hip, femoral neck and lumbar spine (L1-4) were ioleid the non-dominant proximal femur was scankig.
axis length (HAL), whole body fat mass and lean snasre also measured. All scans were reportednby a
experienced musculoskeletal radiologist (JEA). n8sad manufacturer QA and QC procedures were feltbw
using manufacturer (Hologic) provided phantoms. $hert term precision (co-efficient of variation(®)) in

our center for repeat lumbar spine and proximalkfeseans in adults (n=22) was 1.1% and 1.3% reispédet

2.4. pQCT
Peripheral QCT (pQCT) measurements were made atattias and tibia using a Stratec XCT-2000 scanner,
software version 6.20 (Stratec, Pforzheim, GermaAif)measurements were made in the non-dominamib.li
Measurements were taken at 4%, 50% (radius) and38%, (tibia) of the limb length which were measure
using a wooden ruler (forearm) and segmometeraftititorearm length was defined as the distance fham
styloid process of the ulna to the olecranon. leegth was defined as the distance from the mosimped edge
of the medial malleolus to the intercondylar emueeriThe scan sites were determined using a plaoat siew
of the distal radius or tibia and the reference lvas placed to bisect the lateral border of thiplate. Total
and trabecular vBMD (mg/mih and bone cross sectional area (CSA) finwere measured at the 4% site
(metaphysis). At the 50% radius and 38% tibia (dias): CSA (mrf), cortical area (mA), cortical vBMD
(mg/mn?) were measured and cortical thickness (mm), CSh{) and SSI (mrf) were derived using the
standard manufacturer protocol. Medullary area {ynwas calculated by total area minus cortical at€&MI
and SSI are measures of bending and torsionalgstrext the diaphysis and have been related touidbad
[8,9]. The software uses three image processingléso contour mode determines the outer edgesedboime;
peel mode is the method of separating corticalsuigcortical bone from trabecular bone at metaplysites
and separation mode analyzes cortical bone atiiphykeal sites. All scans were analyzed usingozmnmode

2 (manufacturer defined automated threshold of mggcn?), peel mode 1 which peels off the outer area of



55% of bone to leave the inner 45% area regiomtefést containing trabecular bone and marrow oAlythe
diaphysis, separation mode 1; threshold = 710 myhsms used for cortical vBMD and geometry and
threshold=480 mg/cifor SSI. All scans were reported by an experientesculoskeletal radiologist (JEA).
Where significant motion artefact was detectednscaere excluded. The short term precision of tejeat
radius measurements with repositioning in adultsew@=22): trabecular BMD 1.27%, 1.42%; cortical BM
0.77%, 0.71%,; cortical area 2.4%, 1.3%. Manufactsirgandard QA and QC procedures were followedgisi

manufacturer supplied phantoms.

2.5. Satistical Analysis

Descriptive statistics are presented as mean fatdrdeviation (SD). Differences in descriptivauctteristics
were assessed using one-way analysis of variantteaMBonferroni multiple-comparison test. Differesdn
smoking status were assessed using a chi squated teinvestigate the ethnic differences in DXAl@QCT
parameters, we performed linear regression analysigls bone parameters as the dependent varialde an
ethnicity as the independent variable, with adjestta made for age, weight and height. We usedittesl f
regression lines to perform pairwise comparisortsvéen ethnic groups, correcting for multiple conigams
using the Bonferroni method. All analyses werdqgrened in Stata, Version 14.0 (StataCorp, Colletmi@h,

TX, USA), and we considered results statisticaifygicant at p<0.05.

3. Results

3.1. Subject Characteristics
Three hundred and forty three participants weréuted in the analyses, 235 White, 44 Black and 64tts
Asian men. White men were older than the Black 8odth Asian men. South Asian men were shorter than
White men (169.0 £ 5.8 vs 173.9 £ 6.9; <0.001),gleiand BMI were not significantly different betwethe
three groups (Table 1); although South Asian merevighter. Compared to Black and White men, ttah
mass was lower in South Asian men, with no sigaificdifference in total fat mass between groupsol/h
body fat mass to lean mass ratio was higher infsAgtan men compared to White and Black men. Hig ax
length was shorter in Black and South Asian mengamed to White men (Table 1). The percentage gest
who were ever smokers was lower in South Asian @yetpto White men. Based on the PASE score, South

Asian men had lower levels of physical activityritether Black or White men.



3.2. Differencesin bone outcomes between Black and White men
Black men had higher aBMD at the whole body, tbipland femoral neck than White men. These diffeeen
persisted after adjustment for age, weight andhigibable 2). There were no significant differengesortical
or trabecular vBMD at the radius following adjustitee(Table 3). At the diaphysis of the radius, Rlaten had
thicker cortices and greater cortical area. As@sequence CSMI was 14% and SSI was 20% greatdanak B
men. At the diaphysis of the tibia, Black men hadyér CSA and cortical area together with highetical
vBMD, with 21% higher CSMI yet 29% lower SSI (Talle At the radius sites, Black men had larger lsone
than White men, though differences did not reagmiicance (p=0.09 and p=0.05 at the metaphysis and

diaphysis respectively).

3.3. Differencesin bone outcomes between White and South Asian men
There were no significant differences in aBMD beswéVhite and South Asians except at the whole btdy;
difference was attenuated and became nonsignifiafiet adjustment for age, height and weight (Tadle
South Asians had smaller CSA at the metaphysisdaphysis of the radius, following adjustment, elifnces
at the diaphysis were attenuated (Table 3). Sowlans had smaller cortical area and consequernitiyieh
cortices at the diaphysis of the radius and tib@myever, CSA and CSMI were similar to White merbath
sites following adjustments; SSI was lower in Sod#ian men at the tibia yet similar at the radiampared to
White men (Table 3 and 4). For pQCT measured vBBi@yth Asians had significantly lower trabecular vBM
at the metaphysis and higher cortical vBMD at tlegplysis of the tibia, both before and after aciesit

compared to White men.

3.4. Differencesin bone outcomes between Black and South Asian
South Asian men had lower aBMD at the whole bodtglthip, femoral neck and lumbar spine; the défere
at the lumbar spine was attenuated following adjesits (Table 2). South Asians had smaller bondbeat
metaphysis and diaphysis of the radius by 12% &nbdéspectively; after adjustment only differencesha
metaphysis remained (Table 3). Thinner corticessandller cortical area all contributed to a 19%do@SMI
and 16% lower SSI at the diaphysis of the radiusSdauth Asians. At the tibia, there were no sigaific
differences in trabecular or cortical vBMD, howev&outh Asians had smaller bones, thinner cortares

lower cortical area with a 20% lower CSMI than Bawen (Table 4).



4. Discussion

In this study, for the first time, we describe #thnic differences in BMD, bone geometry and boeeding
and torsional strength in UK men. Black men hadhéigaBMD compared to White and South Asian men, and
these differences were independent of weight amghhen contrast differences in aBMD between Wtited
South Asian men were attenuated by correcting fulybsize. We used pQCT to further understand the
differences observed in aBMD measured by DXA. Witle exception of cortical vBMD which was lower in
White men compared to both Black and South Asian,riiiee differences in vBMD were far fewer than iK®
outcomes where Black men did not differ to WhiteéSmuth Asian men. Rather, the geometry of borferdid
between the groups and mostly at the diaphysead,siind hip axis length was longer in White menthét
radius and tibia diaphysis, Black men had moreica@rbone within a slightly larger periosteal erop and
consequently greater bending strength than ther dtbh@ groups. For the same size and body weigbuitts
Asian men had similar sized bones compared to WimnteBlack men at the diaphysis but had thinnetices.
Patterns were similar in the radius and tibia.th& metaphysis, South Asian men had smaller bouesitilar
vBMD to White men. Taken together these observatguggest that there are other factors than aBMiBhwh

contribute to the differences in fracture risk begw the two groups [1].

In this study we show that Black men had higher &é&dmpared to White and South Asian men — indepande
of differences in body size. Consistent with oadfngs, total hip aBMD was shown to be higher ind& Afro-
Caribbean men compared to White American men [IBe same group extended these findings by showing
that the highest prevalence of fracture was in @/Ainerican men and the lowest was observed in Bidiai
Caribbean men [14]. Larger bones containing greatetical area have been associated with greatee bo
bending strength as estimated by CSMI [15]. Ouadat consistent with previous findings with Blaokn
having larger bones, thicker cortices and grea@&¥{Ccompared to White and South Asian men. Addibn
White men had longer hip axis lengths than botleBEnd South Asian men, which has also been shove t

a risk factor for fracture [16]. Collectively, the data suggest an ‘advantageous’ phenotype wéhtegr

strength in bending and torsion in Black men, ptigdly decreasing the risk of fracture [7,8].

Our findings that after adjustment for covariatbgre were no differences in aBMD between White &adth
Asian men is consistent with data in young womengtobserved differences in hip and lumbar spind2B

between White and South Asian women were explaneblody size [3]. Furthermore, The Oslo Health $tud



showed no differences in distal or ultra-distakemm aBMD between South Asian and White Norwegiam m
and women independent of height adjustments, thaotgiestingly, bone mineral apparent density (BMAD
was shown to be greater in South Asian than inggian men and women [17]. Together these stugtiess
that there are no differences in aBMD between Sddlan men and women when compared to White
Europeans. In contrast to these findings compaaB#D differences, we report differences in bonergety

in South Asian compared to White men. South Asiam imad smaller CSA at the tibia compared to Whig@a,m
these differences were attenuated after adjustnvests made for age, weight and height. DespitelairdSA

at the diaphysis, South Asian men had thinner aestbut higher cortical vBMD and similar strengtbower
cortical vBMD at the diaphysis of the tibia in Wéitnen may indicate increased cortical porosity bhode
turnover in this group which may in part contribtaehigher fracture risk; greater porosity may ékted to the
differences in age between the groups but theréiffse was robust to age-adjustments [1]. Our fiiggliare
similar to those reported in young British womerhene South Asians had significantly thinner costideit
similar bone size and strength at the diaphysiswmdwenpared to White European women [6]. Paralleldia in
young women, a recent study in older UK women shbtiat following adjustments for BMI, South Asians
had smaller bones and cortical area, with lowereborineral content at the diaphyseal radius comptwed
White European women [18]. Further, a Finnish gtadowed that South Asian women had lower cortical

vBMD and area at the diaphyseal radius, and smiatiees when compared to White Finnish women [19].

Surrogates of bone fracture load (CSMI and SSlewesed to describe bone strength at the diaphkese
have been shown to predict fracture load in lalmoyatesting [8]. The findings of lower SSI in Blamen were
surprising. These measures are derived paraneatdrare heavily based on cross-sectional area vidichly
one component of bone strength. It is importanhdte that SSI also includes a measure of vBMD {W¢
expected that SSI at the tibia would be great@latk than in White men given the higher vBMD andajer
CSA, the parameters from which SSI is derived. Mest plausible explanation for this finding is thhe
measurement of SSI is not fully robust to differibgne shape, distribution and density and therefloie

parameter may be limited in comparisons betweenilptipns where bone shape may differ.

There are several potential limitations in thisdgtuAncestral origins were self-reported and ip@ssible that
this may have resulted in misclassification; weeratited to limit this however, by ensuring that 3 oti4

grandparents were of the same ethnic origin. Tmeept of ethnicity embraces also cultural and remvnental



differences, however, this was beyond the scophisfstudy. The focus in this study was on lookitigethnic
differences in bone parameters. There was somemsédthat levels of physical activity and smokirgied
between the groups of men which may have contribtde¢he observed differences. The number of mehe
Black and South Asian groups was relatively smadl 8o caution is required in interpreting the ressfurther
adequately powered studies are needed to explor®ia detail our findings and the role of lifestgled other
factors which contribute to observed ethnic differes in bone health in these groups. It showld bé stated
that this is a cross-sectional study so we werélen@ study antecedents of the observed ethnierdiices in
the bone outcomes. We do not have data on frasturee cannot draw causal associations betweenzaith

and fracture.

In conclusion, this study demonstrated that Bla@nrhave higher aBMD compared to White and Soutlrsi
men, with no differences between the latter twougeo Greater aBMD is likely due to the Black merihg
wider bones with thicker cortices, as indicatediiyy pQCT data. These differences are reflectetérgteater
bone strength in Black men. South Asian men hadn#ri cortices at the radius and tibia, however,ebon
strength appeared to be maintained as there weddfacences in CSMI when compared to White mereseh
data indicate the necessity to understand the lymoigrethnic differences in bone shape, minerail@atand

distribution to ultimately decrease the burden alerosteoporosis.
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Table 1 Descriptive characteristics

Mean + SD Group differences(p-values)
White Black South Asian W\?site W\?site SOUtCSASian
(n=235) (n=44) (n=64) Black  South Asian Black
Age (yr) 64.7+10.7 59.7+11.3 59.2+109  0.016 0.001 1.00
Height (cm) 173.9+£69 171.9+7.2 169.0x5.8 0.24 <0.001 0.09
Weight (kg) 844+124 853+128 80.7+11.3 1.00 0.10 0.17
BMI (kg/mz) 279+35 288+4.0 282134 0.31 1.00 1.00
Whole body fat mass (kg) 247+6.6 228163  259+6.7 0.25 0.69 0.06
Whole body lean mass (Kg) 56.8+7.4 58.7+7.1 52.3+6.3 0.32 <0.001 <0.001
Whole body fat:lean mass ratio  0.43+0.1 0.39+0.1 049+0.1 0.014 <0.0001 <0.0001
Hip axis length (mnf) 121.9+69 1175+83 116.0+7.3 0.002 <0.001 1.00
PASE score 201+91 231+ 96 159 + 101 0.31 0.009 0.003
Ever smoked (n, %) 127 (55) 18 (46) 23 (38) 0.29 0.015 0.40

All values are mean + SBindicates measures are from DXA; PASE: PhysicalvitgtScale for the Elderly; bold

indicates p<0.05.
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Table 2. Differences in DXA outcomes between ethnic groups

Mean + SD Group differences(p-values)
White Black South Asian W\':slte W\':slte Sout\t;SAsmn
(n=235) (n=44) (n=64) Black South Asian  Black
Whole Body aBMD (g/cr%)
Unadjusted 116 £0.11 1.23+0.13 1.11+0.08 0.001 0.002 <0.0001
Adjusted 115+0.11 1.23+0.11 1.12+0.11 <0.0001 0.09 <0.0001
Total Hip aBMD (g/cn%)
Unadjusted 102+0.15 115+0.17 1.03+0.13 <0.0001 1.00 <0.0001
Adjusted 1.02+0.14 115+0.13 1.05+0.14 <0.0001 0.41 0.001
Femoral Neck aBMD (g/cﬁ)l
Unadjusted 0.82+0.13 0.93+0.16 0.84+0.12 <0.0001 0.78 0.002
Adjusted 0.81+0.13 0.93+0.13 0.85+0.13 <0.0001 0.10 0.01
Lumbar Spine aBMD (g/cﬁ)l
Unadjusted 1.10+0.22 1.14+0.18 1.04%0.15 0.84 0.10 0.04
Adjusted 1.09+0.20 1.15+0.19 1.07+0.20 0.26 1.00 0.19

All values aremean + SD. Adjusted mean + SD from a linear regpessnodel with adjustments for age (y
weight (kg) and height (cm), bold indicates p<0.05.
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Table 3: Ethnic differencesat the radius using pQCT paramet:

Mean + SD Group differences(p-values)
White Black South Asian W\?Site W\I/wsite SoutCSAsian
(n=242) (n=42) (n=64) Black South Asian  Black

4% Radius
Total vBMD (mg/cn)

Unadjusted 434.0+70.2 447.1+93.0 453.5+70.2 0.83 0.18 1.00

Adjusted 436.8 £+ 73.3 440.5+72.4 447.3+£75.3 1.00 1.00 1.00
Trabecular vBMD (mg/cr)

Unadjusted 207.1+47.0 201.3+65.1196.6 +48.4 1.00 0.46 1.00

Adjusted 207.4+51.1 199.6 £50.4194.8 £ 52.4 1.00 0.28 1.00
CSA (mnf)

Unadjusted 346.5+52.8 356.4+49.8304.9 +41.3 0.70 <0.0001 <0.0001

Adjusted 342.6 +48.2 359.7 £47.6317.4 £ 49.5 0.09 0.001 <0.0001
50% Radius
Ct. vBMD (mg/cnd)

Unadjusted 1211.6 + 30.6 1224.4 + 29.2216.6 + 30.6 0.03 0.71 0.59

Adjusted 1212.1 +30.6 1222.8 + 30.2215.6 + 31.4 0.11 1.00 0.67
Ct. Thickness (mm)

Unadjusted 3.2+x04 3.7+£04 3.0+0.4 <0.0001 <0.0001 <0.0001

Adjusted 32+x04 3.7+£04 3.0+x0.4 <0.0001 0.001 <0.0001
CSA (mnf)

Unadjusted 151.2 +22.3 156.0 +17.9 140.0 +18.3 0.52 0.001 <0.0001

Adjusted 149.5+20.4 157.7 £ 20.2 145.0 £ 21.0 0.05 0.39 0.005
Ct. Area (mrf)

Unadjusted  106.9 +14.4 119.2 +11.5 96.0 £ 11.4 <0.0001 <0.0001 <0.0001

Adjusted 106.1 £ 12.6 119.5+124 98.8 +12.9<0.0001 <0.0001 <0.0001
Medullary Area (mrf)

Unadjusted 44.3+17.3 36.7+13.1 440+14.1 0.02 1.00 0.07

Adjusted 435+16.4 38.1+16.2 46.2 + 16.8 0.15 0.80 0.04
CSMI (mnf)

Unadjusted  1678.7 £ 454.9840.0 + 387.31416.7 + 329.6 0.70 <0.0001 <0.0001

Adjusted 1645.3 £ 406.51870.6 £ 401.21520.8 £ 417.0 0.003 0.12 <0.0001
SSI (mnd)

Unadjusted 335.8+62.6 396.1 + 58.9 321.1 + 54.€0.0001 0.26 <0.0001

Adjusted 331.8+57.9 398.8 +57.1 334.1 + 59.40.0001 1.00 <0.0001

All values are mean + SD. Adjusted mean + SD frolinear regression model with adjustments for agg (
weight (kg) and height (cm), bold indicates p<0XBMD, volumetric bone mineral density; CSA, cross
sectional area; Ct, cortical; CSMI, cross-sectionament of inertia; SSI, stress strain index.
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Table 4: Ethnic differenceat the tibia using pQCT parame!

Mean + SD Group differences(p-values)
White Black South Asian White White  South Asian
(n=216) (n=42) (n=61) BI\;Sck Sout\rqSAsian Bl\z/asck
4% Tibia
Total vBMD (mg/cni)
Unadjusted 321.2+43.0 334.4 +62.7 315.4+42.2 0.27 1.00 130.
Adjusted 322.8+45.8 331.0+45.1 312.2 + 46.8 0.86 0.40 120.
Trabecular vBMD (mg/cr)
Unadjusted 243.8 + 36.6 238.7 £49.2 226.5+31.8 1.00 0.006 0.33
Adjusted 244.6 £ 38.2 237.1+£37.7 2249 +39.1 0.73 0.003 0.33
CSA (mnf)
Unadjusted 1269.7 £ 168.9 1198.5 +161.4 1140.9 +128.3 0.03 <0.0001 0.23
Adjusted 1251.6 £ 143.9 1217.9+141.9 1192.4 £ 147.2 0.50 0.02 1.00
38% Tibia
Ct. vBMD (mg/cnd)
Unadjusted 1172.9+£39.0 1225.9 + 20.2 1212.6 £26.2 <0.0001  <0.0001 0.18
Adjusted 1173.2+ 354 1225.2 +34.9 1212.1 £36.2 <0.0001 <0.0001 0.18
Ct. Thickness (mm)
Unadjusted 59+0.8 6.2+0.7 55+0.6 0.03 0.007 <0.0001
Adjusted 59x0.7 6.1+0.7 55+0.7 0.11 0.002 <0.0001
CSA (mnf)
Unadjusted 477.1+£53.1 515.2 + 58.4 4529 +46.5 <0.0001 0.008 <0.0001
Adjusted 472.4 +£46.2 519.4 + 45.6 469.4 +47.3 <0.0001 1.00 <0.0001
Ct. Area (mm)
Unadjusted 344.8 +44.0 376.5+45.1 321.1+£36.6 <0.0001 0.001 <0.0001
Adjusted 343.3+39.8 376.0 £ 39.2 326.7 £ 40.7 <0.0001 0.019 <0.0001
Medullary Area (mr)
Unadjusted 132.7 +39.8 138.7 £39.2 133.1+£32.6 1.00 1.00 001.
Adjusted 129.2 + 37.0 143.3 + 36.5 142.5+37.9 0.07 0.05 001.
CSMI (mn)
Unadjusted 16843.3 + 3625.3 19735.4 +£4306.8 13€63020.3 <0.0001 0.003 <0.0001
Adjusted 16547.9 £+ 3187.6  19936.8 + 3143.1 1601(@B259.2 <0.0001 0.80 <0.0001
SSI (mnd)
Unadjusted 1628.2 + 466.3 1155.8 £ 386.0 1140880 <0.0001 <0.0001 1.00
Adjusted 1622.7 £ 394.1 1158.5 + 388.6 1157.7 £@03 <0.0001 <0.0001 1.00

All values are mean £ SD. Adjusted mean + SD frolinear regression model with adjustments for agg (veight (kg)
and height (cm), bold indicates p<0.05. vBMD,uroktric bone mineral density; CSA, cross-sectianad; Ct, cortical;
CSMI, cross-sectional moment of inertia; SSI, strgsain index.
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