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Bone Fragility in Asian and Caucasian Men
Y Duan,* ve, m med, Mp, E Seeman,* * mess, Frace, Mp

Abstract

Hip and vertebral fracturesare a public health problemin men of Asian and Caucasian origin. I nferencesregarding gender and racial/
ethnic differences in fracture rates must be made cautiously as problems in case ascertainment and classification of hip fractures, and
problemsin defining what constitutesa vertebral ‘fracture’ have not been solved. However, methodol ogical issues probably do not entirely
account for the heterogeneity of fracture patterns. Thereislikely to be a wide variation in fracture rates from country to country in Asia
asreported in studiesin Europe. The reasons for this heterogeneity are unknown.

Caucasian men lose similar amounts of bone as Caucasian women during ageing from the endosteal surface of the bone. Net bone loss
islessin men than women because men form more periosteal bone during ageing than do women. The extent of periosteal and endosteal
bone modelling and remodelling have not been studied in Asian men and women. Nor have there been hypothesis-driven studies designed
to compare periosteal apposition and endosteal bone lossin Asian males compared to Caucasian males.

Sex hormone deficiencies contribute to abnormalities in skeletal size and mass during growth, remodelling imbalance and bone loss
during ageing in men. Thelarger peak bone size and greater periosteal apposition with ageing in men compared to women is most likely
tobeandrogen-dependent in Caucasiansand Asians. Androgen deficiency may al so partly account for reduced boneformation and negative
bonebalanceat thebasic multicellular unit (BMU). Oestrogen deficiency during growth isassociated with reduced bonemassandincreased
leglength in malesand females. Oestrogen deficiency during ageing may account for trabecular bonelossin men by increasing remodelling
rate. There have been no anti-fracture efficacy studies donein Asian males.

Studieson the pathophysiology of osteoporosisin maleshave given insight into the pathophysiology of osteoporosisin females. Similarly,
collaborative research efforts between groups around the world will facilitate comparative studiesin Asian and Caucasian communities.
The results of thiswork will provide important insights into the pathophysiology of bone fragility in both groups.
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Introduction

Bonefragility inmenhasbeenreceiving greater attention
during the last few years. Epidemiological studies have
been done in Caucasian and Asian populations. However,
the structural basis for gender and racia differences of

longevity andasecular increaseintheage-specificincidence
of hip fractures.*®

Similar to women, the incidence of hip fracturesin men
increases with age. However, the age-specific annual
incidence (per 100,000 persons over 50 years) islower in

fractureratesisnot well defined. The purposeof thisarticle
isto review recent progress in the epidemiology, fracture
risk assessment and pathogenesis of bone fragility in
Caucasian and Asian men, and to define areas of ignorance
that require further research.

Epidemiology in Asian and Caucasian populations
Fractures of the Proximal Femur

About one-third of hipfracturesoccurinmen. Worldwide,
the number of hip fracturesin menis predicted to increase
from 0.5 to 1.8 million in 2050 due to an increase in

Asiansthan Caucasians.>"¢* Wong et al° reported rates of
100inmenand 75inwomenin Singapore; 20% to 50% that
in Caucasians. Ratesin the Japanese were about 50% that
in American Caucasians.’® Low rates were reported in
Koreaandin Northern China**** Xuetal”and Yan et a®
reported ratesof 100 for menand 90 for womenin Northern
Chinese. Intermediateratesof hip fracturewerereportedin
Malaysia, Thailand and the Middle East'>*¢ (Fig. 1). Low
rateshaveal so beenreportedin Asian-Americanscompared
to American Caucasians.’” In contrast, higher rates were
reportedin other studies. Koh et al® reported rates of 168in
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Fig. 1. The age-standardised hip fracture rates are lower in Asians compared to
Caucasiansin most of thestudiesbut vary greatly withingenders, racial groupsand from
country to country in Asia. Adapted from Koh et al.®

men and 410 in women in Singapore Chinese. Lau et al*®
reported rates of 180 in men and 459 in women in Hong
Kong. These wide annua incidence rates across Asian
countries may reflect ascertainment problems, but these
are likely to be rea differences aswell (Fig. 2).

There is a secular increase in hip fracture incidence in
Asia. Among Hong Kong Chinese, rates have increased 2-
fold during the last two decades.*? From 1988 to 1992, the
ratesin Northern Chinaincreased by 33% in men and 34%
inwomen.” In Singapore, rates haveincreased by 0.7% per
year in men and 1.2% per year in women from 1991 to
1998.8 Compared to the hip frature ratesin the 1960s, they
were 1.5 to 5-fold higher during the 1991 to 1998 period.®

Vertebral Fractures

Several cross-sectional studies have suggested that the
prevalenceof vertebral fracturesissimilarinboth Caucasian
men and women.'®?? The Dubbo Osteoporosis study in
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Australiareported that the preval enceof vertebral fractures
was higher in men than women aged 65 years and over
[17%Vvs12%usingthe4 standarddeviation (SD) criterion].*®
Davieset a? reported that the prevalencewas 29%in men
and 10% in women aged 50 to 59 years, and 39% in men
and 45% in women aged 80 years and over in Nebraska,
USA. TheEuropeanV ertebral OsteoporosisStudy reported
that the prevalence of vertebral fractureswas 12% in men
and women aged 50 to 79 years.™®

However, these preval ence data are suspect even though
they were replicated in several locations. The higher
prevalence of vertebral fractures in men may be due to
more trauma in youth in men than women rather than
bone fragility.’® In addition, misclassification of spinal
deformity has been reported to be more common in men
than women.?

The prevalence of vertebral fracturesis similar or only
modestly lower in Asian men compared to Asian women.?*
% Tsai et d? reported a prevalence of 20% for Chinese
women and 12.5% for Chinese men aged 65 years and
over. InHong Kong, vertebral fractureswerefoundin 16%
of men and 30% of women, and in 37% of men and 35% of
women with mild spinal deformities aged over 70 years.®
In Beijing, the prevalence was about 10% in men and
women aged 60 to 69 years, 16% in men and women aged
70 to 79 years, and 24% in men and 31% in women aged
80+ years.?® (Fig. 3). These observations may have been
biased by traumatic fractures in youth being counted as
fragility fracturesin old age. Limited data suggest that the
age-specific prevalenceis similar in Asian and Caucasian
men.'>2+% (Fig. 4) Vertebral fracture prevalence is re-
ported as being similar or slightly lower in Asian women
than Caucasian women.?"#
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Fig. 2. The age-specific rates of hip fracture in men and women arelower in Asians compared to Caucasians but are similar in Hong Kong Chinese compared to Caucasians. Adapted

fromLau et al,*> Ross et al'*® and Xu et al.”
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Fig. 3. The age-specific prevalence of vertebral fracturesincreased with agein men and
issimilar to that in women in Beijing, China. Adapted from Nevitt.®

Prospectivestudiesarefew but suggest that theincidence
of vertebral fracturesislower in men than women.®* The
incidence of vertebral fracturesin men was about half that
in women in Rochester, Minnesota (0.73 vs 1.45).* In a
prospective study in Hawaii, the rate was 3 times higher in
Caucasian women compared to Caucasian men (16 vs
4%).%2 Incidence figures for vertebral fractures are not
documented in Asia. More studies giving meticulous
attention to standard morphometric definitionsof vertebral
fractureareneeded beforeany inferencesconcerning gender
or racial differencesin vertebral fracture rates can be made
with confidence.

Morbidity, Mortality and Cost

Morbidity and mortality from hip fractureswerereported
to be higher in Caucasian men compared to Caucasian
women and showed an increase with age.®* More than
50% of men and women with hip fractures required
residential careor needed assistancewith daily living. Poor
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Fig. 4. The prevalence of vertebral fracturesissimilar in Chinese men and women aged
70to 79 yearsin different regions, and similar to European Caucasians. Adapted from
Tsai et al,* Lau et al,> Nevitt et al® and O’ Neil et al.»®

et al* reported that the total mortality in men was 3-fold
higher than women (14% vs 5.4%). Neither fracture nor
illness alone accounted for the excess mortality. An
interaction between fracture, its consequences and
coexisting illnesses may be responsible. Morbidity and
mortality rates associated with hip fractures in men and
women have not been reported in Asia.

Increased morbidity and mortality associated with
vertebral fractureshavebeenreportedinmen.®*®However,
itisdifficult to ascertain the morbidity following vertebral
fractureswhen thetime of fractureisunknown and thereis
no single definition of vertebral fracture. In Hong Kong,
Lau et a? reported that the prevalence of back pain was
higher inmenthan women with vertebral fractures(68%vs
50%). A Philadelphia geriatric morale score did not differ
between the vertebral deformity groups for men. Nevitt et
al?® and Xu et a? reported that vertebral fracture was
associated with limited physical function (timeto stand up
from chair increased) in Chinese men and women in
Beijing. No association between chronic back pain and
vertebral fracture was detected in men and women, even
thosewith severeor multiplefractures. Mortality associated
with vertebral fractures was higher in men than women.®

The annual cost associated with osteoporotic
fractures was about $21.7 billion in the US* In Australia,
hip fractures accounted for about 1% of the annual health
servicesexpenditure.** M en contributed up to about 20% of
theannual expenditurefor treatment of osteoporosis-rel ated
fractures.”* Hip fractures accounted for alarger proportion
of the total expenditurein men compared to women (73%
versus 61%). The cost associated with treatment of
osteoporotic fractures has not been reported in Asia
Unpublished data have shown that the annual cost related
tothetreatment of hipfracturesinHong Kongwas$HK 130
million, accounting for 1% of an annual total hospital care
expenditure.’?

Areal BMD and Fracture Risk

Areal bone mineral density (aBMD) predicts fracture
risk similarly in Caucasian men and women.®2424 The
absolute risk for spine fracture for a given aBMD at the
calcaneus and proximal radius is similar in men and
women.*” The age-specific absolute risk for hip fracture
(i.e. number of cases per 10,000 per year) at agivenaBMD
issimilarin men and women of the sameage.*® Therelative
risk for spine and hip fractures conferred by a 1 SD
decreasein aBMD at any siteincreasessimilarly, by 1.5to
2-fold, in both men and women.%?

aBMD is also a predictor of the risk of hip and spine
fractures in Asian men and women. However, whether
aBMD issimilarly predictivein Asian men and women is
uncertain. There are no data available concerning the
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predictive strength of aBMD for hip fracturein Asian men.
In women, Lau et a2 reported that Chinese women with
hip aBMD in the lowest quartile had a 4.5-fold higher
relative risk of hip fracture, which is similar to reportsin
Caucasians. In contrast, spinal aBMD is a better predictor
for risk of vertebra fracture in Chinese women than
Chinese men; %% a1 SD reduction of lumbar spineaBMD
wasassociated witha2.4-foldincreaseinvertebral fracture
risk in women and a 1.5-fold increase in men.%28

The reason aBMD predicts a similar fracture risk in
Caucasian men and women, but may not in Asian men and
women, is uncertain. Several factors may influence the
ability of aBM D to predicttherisk of fractures.® Although
theyoung mean aBMD vaueislower in Chinese, Chinese
have a higher SD compared to Caucasians; hence, fewer
Chinesewill bebelow the cut-off valueof -2.5 SD usingthe
Caucasian criterion.> aBMD ishigher in men than women
with vertebral and hip fractures because men have larger
bones.>* Volumetric BMD (vBMD) is the same in men
and women with fractures.®*® This may explain why a
givenlevel of aBMD or 1 SD reduction of aBMD predicts
the same absolute risk of fractures in Caucasian men
and women.

If the fracture threshold is similar in both men and
women, and a given aBMD or vBMD predicts the risk of
fracture similarly in both men and women, why is the
incidence of fractures lower in men?

Men are taller and heavier than women; hence, they
impose ahigher absoluteload on thebones. However, their
bones are also larger so that the load per unit area (stress)
is the same in young men and women.%” Thus, the gender
difference in peak bone size is not the explanation for the
gender difference in fracture rate in old age. The reason
men fracture less commonly than women resides in the
age-related changes that occur. Men adapt their skeleton
better to afalling bone strength than women during ageing.

The adaptation is the greater periosteal apposition that
occursin men rather than in women during ageing. Thisis
discussed below in brief. The greater periosteal apposition
increases bone cross-sectional area and offsets endosteal
boneloss. Thus, the loss of bone strength during ageing is
lessin men than in women for these two reasons. Parallels
may occur both in Asian men and women.

Based on engineering principles, fracture is likely to
occur when theloadsimposed on the bone exceed the bone
strength. We have devel oped afracturerisk index (FRI) at
the spine which reflects this relationship.> The FRI isthe
ratio of vertebral body compressive load to its strength.
L oadsare determined by upper body weight, height and the
spinal muscle moment arm, while strength is estimated
from the vertebral body cross-sectional area (CSA) and
vBMD. Fractureislikely to occur when loads imposed on
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theboneisgreater than strength, that iswhenthe FRI is>1.
Changesin bonesize, vBMD and |loading (weight, height)
are captured by the FRI. The FRI increasesby only 21%in
men but by 102% in women during ageing; hence, only 9%
of men but 26% of women have aFRI of >1.5” The lower
incidence of fracturesin men reflectsthelower proportion
of the male population at high risk with a FRI greater than
unity. There may be parallels explaining why fewer Asian
men than Asian women have fractures.

Pathogenesis of Bone Fragility
Proximal Femur

The structural basis responsible for the lower bone
fragility at the proxima femur in Caucasian men than
Caucasianwomenis partly understood. Peak femoral neck
size, not peak vBMD, is greater in men than women.%
Beck et a* reported that peak femora neck width was
about 20% higher, while peak cortical thickness was only
5% higher in men than women. The larger femoral neck
size was associ ated with greater bone strength in men than
women. After adjustment for the gender differences in
body size, men still have greater bone size and bone
strength.5! Thus, the gender differences in femoral neck
sizearegreater than the gender differencesin bonemassor
cortical thickness.

Net femoral neck bone loss is less in men than women
during ageing.>*% The lesser diminution of femoral neck/
shaft aBMD in men than women islargely due to greater
periosteal apposition rather than lesser endosteal bone
resorption in men than women during ageing.®*% Beck et
al® reported that periosteal expansion at the femoral neck
increased with age in men but not in women. Ruff and
Hayes* reported that periosteal expansion was greater
whileendosteal bonelosswassimilar at thefemur andtibia
in both men and women. Greater increasein femoral neck
width in men than women has been reported in Caucasians
in Australia (Duan and Seeman, unpublished data). In
contrast, the NHANES |1l study suggests that the age-
related increasein periosteal apposition at thefemoral neck
is similar in both men and women (both ~10%).%°

Increased periosteal apposition offsets the endosteal
bone loss, maintaining bone strength. Bone formed on the
periosteal surfaceisbiomechanically advantageousbecause
it increases cross-sectional moment of inertiaand bending
strength of the long bone.’” A greater reduction of femoral
neck section modulus was reported in elderly women than
men.*®® Thus, bone strength at the femoral neck is better
maintained in Caucasian men than Caucasian women
during ageing because periosteal appositionwith ageingis
greater in men.

There are limited data in Asia comparing gender
differences in bone size and structural elements at the
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proximal femur during growth and ageing. Peak aBMD at
the femoral neck is higher in Asian men than women
becausebonesizeisgreaterinmen. Tsai et al®® reported that
the femoral neck area was about 13% higher in Chinese
men comparedtowomenin Taiwan. Whether peak femoral
neck vBMD and peak cortical thickness are the same in
Asian men and women is unknown.

During ageing, femoral neck aBMD declines less in
Asian men than Asian women.® ™ Periosteal apposition at
thefemoral neck increased with agein Chinese men but not
in women,® and this most likely explained the lower net
bone loss in Asian men than Asian women. The absolute
amount of bone loss on the endosteal surface of femoral
neck is probably accelerated in very elderly Chinese men.
Ho et a™ reported that femoral neck aBBMD decreased by
16%in Chinesemenand by 22%in el derly Chinesewomen
in the age group of >85 years relative to the age group of
<75 years.

The lower hip fracture rate in Asians is unlikely to be
explained by racial differencesin aBMD, as Asians have
lower aBMD than Caucasians, largely because their bone
size is smaller.®® Peak femoral neck width is about 7%
larger in Caucasian men than Asian men, and 6% higher in
Caucasian women than Asian women (Duan and Seeman,
unpublished data). Peak femoral neck vBM D derived from
dual-energy X-ray absorptiometry (DXA) shows no
difference in Asians and Caucasians of either gender.® If
femoral neck vBMD is lower in older Caucasian than
Asian men, then Caucasian men have a greater net bone
loss than Asian men.?

If Caucasian men lose more bone during ageing than
Asian men, this may be due to Asian men having greater
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periosteal apposition or losing less endosteal bone than
Caucasian men. The latter may be due to Asians having a
lower endosteal remodelling rate (activation frequency),
less resorption or greater bone formation in the basic
multicellular unit (BMU). Available data suggest that
periosteal apposition is greater in Caucasian than Asian
men. Beck et a® reported that femoral neck expansion
increased by 1% per decadein Caucasian men, while Tsai
et a® reported that femoral neck expansion increased by
0.6% per decade in Chinese men.

Both lesser and greater net bone loss in Asian than
Caucasian men are reported in cross-sectional
studies.5*8%7072 Rel ative to peak, aBM D decreases by 20%
in Caucasian men and by 10% in Asian men in Hong
Kong.%® |n another study, femoral neck aBMD decreased
more greatly in Asian than Caucasian men” (Fig. 5).
However, expressing the changesin percentage terms may
be mideading if the initial value and variance (SD) is
different between racial groups.

As with our studies of the FRI at the spine, Tsai et a
reported that thefactor of risk (load/strength) at thefemoral
neck did notincreasewithagein Chinesemenbutincreased
with age in elderly women after the age of 65 years. Older
women have higher factor of risk for hip fractures than
elderly men.”

The biomechanical basis of the racia differencesin hip
fracture rates has not been studied in men. In women,
Nakamuraet a ™ compared 57 Japanese and 119 American
Caucasians. Height and weight were greater, and femoral
neck bone mineral content (BMC) and cross-sectional
moment of inertia (CSMI) were greater in Caucasian
women compared to Japanese women, suggesting that
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Fig. 5. Theage-related diminution of femoral neckaBMD relativeto peakisgreater in Chinese men compared to Caucasian men but issimilar in Chinesewomen compared to Caucasian

women. Adapted from Beck et al*® and Liu et al.
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absolute bone strength is greater in Caucasians. However,
the safety factor was about 35% less in Caucasians than
Asians. The authors suggest that the shorter femoral neck
length is a major contributor to the higher femoral neck
safety factor in Asians.

Shorter hip axislength (HAL) in Asiansthan Caucasians
may partly account for the lower hip fracture risk in
Asians.” However, shorter leg length may account for the
differencesin HAL. Men havealonger HAL than women,
but have alower incidence of hip fractures. No prospective
studies have been done examining whether fracture rates
arelessinpersonswith ashorter HAL. Asianshavesimilar
trunk length but shorter leg length than Caucasians.”s”
This may protect against hip fracture because the relative
shorter distance of the proximal femur to the ground
may produce less force on the hip when falls occur. The
shorter leg length may also increase the bending strength
during falls.™

Vertebral Skeleton

Peak vertebral sizeisgreater in Caucasian men compared
to Caucasian women, while peak vertebral vBMD is no
different.”®”® Fromtheageof 7to 17 years, vertebral vBMD
increased by 30% to 40% while vertebral size and BMC
increased by 200% to 300% in boys.® Trabecular number
and thickness are also similar in young men and women.8!
Thus, the greater amount of bone gained during growth
builds wider but not more dense vertebrae in boys than
girls. The larger vertebrae in men than women are mainly
due to men having greater cross-sectional area but not
vertebral body height.”#7

Similarly, at peak, vertebral sizeisgreater in Asian men
than women. However, in contrast to Caucasians, Yu
et al® reported that peak vertebral vBMD was 7% to 11%
lower in Asian men compared to Asian women. Our
preliminary data show that the estimated peak vertebral
vBMD derived from DXA in postero-anterior view is 10%
lower in Chinese men than Chinese women aged 18 to 45
years, whilevertebral body widthis13% greater in Chinese
men than Chinesewomen (Duan and Seeman, unpublished
data). Tsai et al®® reported that peak vertebral vBMD
derived from DXA was 16% lower in men compared to
women, while vertebral size was 16% greater in men.

Premenopausal Chinesewomen have morebone mineral
in the posterior processes than men (61% vs 50%,
respectively), so the higher vertebra vBMD derived by
DXA postero-anterior scanning may be an artifact because
the greater amount of bone in the posterior elements in
women is not corrected for bone size in the vBMD
measurement.®* Moreover, asthevertebral body volumeis
overestimated by DXA, it may cause agreater error inmen
than in women because men have larger vertebral size.8%
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This of course does not explain the findings by Yu et a
using quantitative computed tomography (QCT).

Thus, whether peak vertebral vBMD isdifferentin Asian
men compared to Asian women remains unsettled. If
vBMD islower in Chinese men than women, isthisdueto
thinner cortices, fewer trabeculae or thinner trabeculae.
What factors regulate gender and racial differences in
vertebral sizeand structural elements? Theonset of puberty
is 2 years later in Chinese boys compared to girls, and the
pubertal growth is 2 years longer in boys.®”% Whether
differences in pubertal progression are responsible is
uncertain.

Most studies report that vertebral aBMD measured by
DXA decreases less in Caucasian men than women.62.89%0
However, by using QCT, histomorphometry and ashing,
theabsoluteamount of trabecul ar bonelosson theendosteal
surface of vertebraeis similar in men and in women.81.9%-%3
The reason men lose less net bone loss and have less
fragility fracturesthan womenismost likely dueto greater
periosteal apposition in men compared to women rather
thanlessendosteal boneloss. Aswiththefemur, thegreater
periosteal apposition increases cross-sectional area,
diminishing the load per unit area (stress) on the spine.
Greater periosteal appositioninmenal sooffsetsthe(similar)
loss of bone from the endosteal surface more in men than
womensovBM D andvertebral strengthisbetter maintained
in men than women.”™ Some evidence existsfor supporting
similar processes in Asian men and women; %% vertebral
trabecular vBMD measured by QCT declined similarly in
Japanese men and women,** while greater periosteal
apposition is reported in Asian men compared to Asian
women at the vertebra.®

The incidence of fractures in Caucasian men is lower
than Caucasian women for the abovereasons. If theloss of
trabecular bone is similar in Asian men and women and
periosteal apposition isgreater in Asian men than women,
then the incidence of fractures should also be lower in
Asian men than Asian women.

The similar prevalence of vertebral fracturesin Asians
and Caucasians may reflect a parellel load to strength
relationship in the spine in these races. Although smaller
vertebral body sizeisanindependent risk factor for vertebral
fracturesinmenandwomen,®*" thesmaller boneisprobably
loaded by a proportionally smaller load (weight, muscle
mass). The load per unit cross-sectional area may then be
no different between Asians and Caucasians.

If periosteal apposition is greater in Asians than
Caucasians, and if bone loss is less in Asians than
Caucasians, then fewer Asians will be at risk for fracture
because fewer develop structural abnormalities that
predisposeto structural failurewhenloading occurs. There
are no studies comparing these surface specific effects by
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ethnic groups and it is unknown whether the absolute
amount of bone lost during ageing is similar by race or
whether itislessin Asians compared to Caucasians. If itis
less, is this because remodelling rates are lower or is it
because BMU balance is less negative? What are the
relative changes in the periosteal apposition across age?
Do Asians have greater periosteal apposition than
Caucasians? Is this sex specific or site specific? Answers
to these questions are unavailable.

Whether vertebral trabecular vBMD isdifferent between
Asians and Caucasians is also uncertain. One study re-
ported that vertebral trabecular vBMD measured by QCT
was lower in Japanese men compared to Caucasian men.®*
However, the small sample size and the use of different
QCT machines made the datadifficult to interpret.** Many
studies have confirmed that after accounting for racial
differencesin body size, most of the differencesin aBMD
di Sappear_eo,gs-loo

Reduced Bone Formation in Asian and Caucasian Men

Increased bone resorption due to oestrogen deficiency
contributes to bone loss in postmenopausal women.
There is no midlife acceleration of bone loss in men.
Reduced bone formation rather than increased bone
resorptionislikely to contribute to bonelossin men. Most
of the histomorphometric studies report that trabecular
bone loss occurs mainly by thinning, while the trabecular
connectivity is largely preserved in elderly men,8.101-103
These data favour reduced bone formation as the cause of
trabecular thinning.

Franciset al*2reported that advancing agewasassociated
with decreased osteoid surfaces and osteoid seam width
while eroded surfaces was unchanged with age. These
suggest bone formation was reduced with no change in
bone resorption. Clarke et al** studied 43 healthy men
between theagesof 20to 80 years; cancellousbonevolume
and osteoblast-osteoid interface decreased by 40.0% and
19.2%, respectively. Double and single-labelled osteoid
also decreased by 18.6% and 18.0%, respectively,
suggesting that the osteoblastic activity declines with age
while osteclast surfaces remain unchanged. These data
imply that the age-related bone loss in men may be the
result of reduced bone formation with ageing.

Increased bone resorption markers with age have been
reportedinseveral studies.!®% However, mostinvestigators
report no age-related increase in bone resorption markers
whileboneformation markersdecreased with ageinhealthy
men. 119719 Serym osteocalcin declined with advancing
agein across-sectional study of healthy men aged 20to 85
years, while total and free deoxypyridinoline, a specific
marker of boneresorption, did not change with age® Ina
cross-sectional study of 147 healthy men aged 20 to 83

years, bone formation and resorption markers decreased
with age.’” Orwoll et a® reported that N-telopeptide
excretion (NTX) wasnot increased in healthy men aged 21
to86years. Fatayerji and Eastel | reported that markersof
bone formation and resorption were the highest in young
men, with no increase in older men.

Reduced bone formation rather than increased bone
resorption may also belargely responsiblefor theboneloss
in Asian men. Cross-sectional studies on biochemical
markerssuggest that boneformation markerswerereduced
whileboneresorptionmarkerswerenctincreasedin men. %
12 Tsai et al'® reported that both bone formation and
resorption markers decreased with age in healthy Chinese
men. Sone et ™ measured urinary NTX in 238 men and
214 women between the ages of 20 to 79 years from a
healthy Japanese population, and reported no change with
age in men but an increase in women. Y oshimura et a2
reported that markers for bone formation and resorption
were unchanged with ageing in men, but increased with
age in older women (Fig. 6). Whether the reduced bone
formationisassociated with trabecul ar thinning rather than
the loss of connectivity in Asian men during ageing is
unknown.

Bothincreased or decreased boneremodel lingisreported
in Caucasian men with vertebral or hip fractures.**'** No
studieshavebeen donein Asiausing histomorphometric or
biochemical measurements of bone remodelling in Asian
men with spine or hip fractures.

Sex Hormones and Ageing
Androgens

Declininggonadal functionwithageingiswidely reported
in men and is caused by primary gonadal failure dueto the
decreased numbers and volume of the Leydig cells and
impaired hypothalamic-pituitary function.'® Both serum
testosterone (T) and free (bioavailable) T decline with
age. %17 Asserum sex-hormone-binding globulin (SHBG)
increaseswith age, serumfreeT declinesmoregreatly than
total T.2®K hodaet al*®reportedthat serumtotal T decreased
by 30% and bioavailable T decreased by 64% in a cross-
sectional analysis of 346 healthy men. Using total T
criteria, theincidence of hypogonadal T increased to about
20% in men over 60, 30% in men over 70, and 50% in men
over 80 years of age, and even greater percentages were
reported using free T index.!8

Severa studies suggest a positive relationship between
serum T and aBM D, 207119121y hereas othershave not shown
this association.%>1?212 There are no prospective studies
showing a positive relationship between T and the rate of
bonelossin men, and no studiesshowing that menwithlow
T have rapid bone loss. Hypogonadal men have lower
aBMD and increased risk of fracture.’2+12> Men with spine
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Fig. 6. Biochemical markers of bone formation and resorption did not increase with age in men but increased in postmenopausal women in Japan. Adapted from

Yoshimara et al.12

or hip fractures also have a higher prevalence of
hypogonadism.?12” Boonen et al*° reported that men with
recent hip fractures have reduced T compared to age-
matched controls (164.3 + 88.3 vs 447.5 + 181.4 ng/dL,
P <0.001). Our preliminary data show that among the 120
randomly sampled elderly healthy men aged 60 years or
over, 20% haveserum T below 10nM, thelower limit of the
young normal range. About 43% of men with hip fractures
have T level below the low normal range (10 nM/L).*%®

In Thailand, Ongphiphadhanakul et al'*® reported that
free T but not estradiol decreased with agein healthy men.
No association between T and aBMD was detected. No
association between total T and aBMD was reported in a
smaller group of healthy elderly Japanese men, with a
mean age of 74 years, despite the lower T.%*°

There are many unresolved issues. |s hypogonadism
moreprevalentin Asianmenwithvertebral or hipfractures?
I's reduced bone formation reported in Asian men due to
reduced T? What factors regulate the gender differencein
periosteal apposition during ageing in Asians? At what
level of T or oestrogen (E2) bel ow acritical threshold value
causesincreased remodel lingand anegativeBM U balance?
What arethestructural abnormalities caused by hypogona-
dism?Isthelow T associated with greater loss of cortical
thickness, trabecular thinning or trabecular disruption?

Oestrogens

Recent studies suggest that E2 deficiency playsarolefor
achievement of peak bone mass and age-related bone loss
in men. Serum E2 decreases with age in elderly men.1%51%
Khodaet al*® reported that serumbi oavail able E2 decreased
by 47% in the elderly men. Low E2 but not T level is
associated with low aBMD in elderly men.1%512

Theage-related fall in bioavailable E2 may contributeto
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bone loss in men by increasing bone remodelling and
worsening BMU balance. In the study by Khosla et al, 1%
bioavailableE2 correlatedinversely with serumosteocalcin
(r=-0.26, P <0.001) and urinary NTx (r =-0.12, P <0.05).
Szulc and colleagues'® reported that bioavailable E2
correlatedinversely with boneresorption markers, adjusting
for age and weight (RCTX: r =-0.20, Dpyr: r =-0.14, both
P <0.01). Bone markers were about 11% and 35% higher
in men with lowest quartile of bioavailable E2 compared
with those in the highest quartile. These data suggest that
low bioavailable E2 is associated with high bone turnover
and rapid bone loss in elderly men.

Thereisonly one study donein Asiansreporting that E2
was independently associated with aBMD at the spine,
femoral neck, trochanter, and Ward's triangle (r = 0.22
to 0.26).2° However, the datain that paper were difficult
to interpret because total E2 did not decrease with
age. Whether serum free E2 decreased with age was
not reported.

E2 deficiency may bemorepreva entinmenwithvertebral
fractures.®** Carlsen et al**! reported 42 menwith primary
osteoporosiswitheither vertebral fracturesor aBBMD below
-2.5 SD, 33% of the patients E2 were in the low or
undetectablerange, whileonly 3% had T below the normal
range. Barrett-Connor et a** reported that low E2 was
associated with higher prevalence of vertebral fracture in
men but not in women. However, no association between
E2 and vertebra fracture in men has not been detected in
severd studies.®>19%2113135 Thereisal so no evidenceshowing
men with hip fracture have low E2 compared to age-
matched controls without fracture.™®

Relative Contribution of Oestrogen and Androgen
Oestrogen may be important for trabecular bone while
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androgen may be important for cortical bone. Androgen
receptors are more prevaent in cortical bone than in
trabecular bone, suggesting that trabecular bone may be
less of the androgen target region.’® The lower E2 may
explain why men with vertebral fractures have lower
vertebral trabecular BMD and architectural disruption,
while the lower androgen may explain why men with hip
fracture have reduced femoral neck width and reduced
cortical thickness as androgen may regulate periosteal
bone formation.%.1%

Oestrogen may regulate remodelling rate and bone
resorption, whereas both oestrogen and testosterone are
important in maintaining bone formation in ageing men.**
The imbalance of bone remodelling caused by reduced
bone formation may be mediated by androgen deficiency.
Androgens are likely to account for the larger peak bone
width in men than women during growth. Whether
androgens account for greater periosteal expansion with
ageing in men is unknown. Animal data suggest that
androgen deficiency during growth and ageingisassociated
with smaller bone size due to the reduced periosteal
apposition.*** Oestrogen inhibits periosteal apposition
during growth. The slowing periosteal expansion and
endocortical boneformation during puberty ingirlsmay be
mediated by oestrogen.*® Oestrogen may al so regulatelong
bone length during growth as oestrogen deficiency caused
by oestrogen receptor mutations and aromatase deficiency
in young man is associated with epiphyseal patency and
increased leg length. 14014

Summary and Conclusion

The incidence of hip fractures is lower in men than
women in most countries. Theincidence of hip fracturesis
lower in Asian than Caucasian men (and lower in Asian
than Caucasian women). For vertebral fractures, data are
sparse and less reliable because the information is largely
based on prevalence rather than incidence figures with
insufficient attention to defining ‘fracture’. Vertebral
fractureprevalencedataaredifficulttointerpret astraumatic
fracturesinyouth are more common in men thaninwomen
andwill befalsely assumed to bedueto bonefragility. This
may be partly why many preval ence studies report similar
or higher prevalence of vertebral fracturesin men than in
women for both Caucasian and Asian communities, while
incidence studies in Caucasians report that vertebral
fractures occur less commonly in men than in women.
There are no vertebral fracture incidence data in Asians.

Within a racial/ethnic group, the reason peak aBMD is
higher in men than women is mainly the result of gender
differences in bone size. Likewise, within a gender, the
higher aBBMD in Caucasian than Asian malesislargely the
result of differencesin bonesize, not density. Peak femoral

neck and vertebral vBMD is no different in male and
female Caucasians but there is some evidence that vBMD
at the spine, but not hip, is lower in female than male
Asians. This needs verification. If correct, whether thisis
duetodifferencesintrabecular number or thicknessor both
should be determined. Whether peak vBMD at the hip or
spine differs in Asian and Caucasian men (or Asian and
Caucasian women) is uncertain.

Net bonelossislessin Caucasian menthanin Caucasian
womenduetogreater periosteal appositioninmen. Whether
thisissoin Asiansneedsto be studied. Asianshave shorter
leg length and hip axis length (HAL) than Caucasians,
which may contribute to the lower risk of hip fracturesin
Asians compared to Caucasians. Reduced bone formation
aswell asincreased bone resorption is responsible for the
age-related bone loss in Asian and Caucasian men. No
study has been done using histomorphometric and
biochemical measurementsto determinewhether thereisa
parallel change in remodelling between gender or racia
groups.

Caucasianmenandwomenwithvertebral or hipfractures
havesimilar vBMD at thefracturesite. Whether Asianmen
and women with fractures have similar vBMD to each
other, and to the corresponding Caucasian gender with
fractures, is not known. The prevalence of hypogonadism
isunknown in Asian men. Studies of anti-fracture efficacy
using drugs are needed in Asian men.

Comparativestudiesareneededin a most every aspect of
the skeletal metabolism: the epidemiology of fractures, the
pathophysiology of skeletal growth and ageing, the
hormonal regulation of growth and ageing and the effects
of drug therapy. However, these studies require careful
design and attention to methodological issues so that
endpoints observed in one country, gender or racial group
can bevalidly compared with endpointsin another region.
Until these studiesare done, it will not be possibleto make
credible causal inferences regarding observed gender and
racial differences in skeletal mass, size and architecture,
the hormonal regulators of these structures, and
corresponding gender and racial differences in fracture
rates.
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