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Osteoporotic Fractures:

An Emerging Public Health Problem in Asia?
C. Gopalan

Osteoporosis is currently a pub-
lic health problem of major concern in
the countries of North America and
Europe. The condition clinically mani-
fests itself in the form of fractures of
the neck of the femur or compression
fractures of the vertebrae. According
to one estimate, by the age of 70 years,
atleast 40 per cent of American women
will experience at least one osteoporotic
fracture' and in 12 per cent to 20 per
cent of them, the fracture and its com-
plications would prove fatal, while in
the majority of the rest prolonged sup-
portive care would be necessary. The
incidence among women is nearly
double that among men.

In contrast to the above experi-
ence, osteoporosis is being generally
viewed as a problem of minor public
health importance in the countries of
the Third World in general. For this
reason, studies on osteoporosis and
its clinical and public health implica-
tions have not figured prominently in
the agenda of medical research in de-
veloping countries, including those of
South and South-east Asia. Studies on
the bone which have generally attracted
attention in India are those related to
the problem of fluorosis; and fluorosis
had been largely looked upon (till lately)
as a disease characterised by osteo-
sclerosis rather than osteoporosis.

While itis true that on the basis of
available evidence, the incidence of
osteoporotic fractures is presently far
less in the countries of Africa and Asia
than what has been reported from the

USA and Europe, there are emerging
evidences to suggest that this problem
may demand increasing attention in
the years ahead, at least in the Asian
countries. The considerations which
point to such assessment are briefly
the following:

® The apparently low incidence of
osteoporotic fractures in populations
of Asian countries, thus far, could have
been partly attributable to their rela-
tively low life expectancy. The level of
peak bone mass is achieved by early
adulthood and thereafter there is a
progressive loss of bone density, roughly
estimated to be around 1 per cent per
year. It may therefore be expected that,
for the reduction of bone density to
reach a point that would manifest clini-
cally as an osteoporotic fracture, a
time-span of approximately 20 years
may be required even in populations
who start with a relatively low peak
bone mass.

With increasing life expectancy,
and with the sex ratio favouring the
female after 40 years of age, it may be
predicted that there will be a significant
expansion in the ne T 2en-
didates for osteoporotic irav.sres in
the years ahead; and these could
emerge as an important * "h nrob-
lem. Should this happe™
tion care of the aged coulu uesume a
far more formidable problem than it
would otherwise be; and there is no
doubt that the proportion of the elderly
among Asian populations will progres-
sively increase in the years ahead.

@ |t is possible that marked growth
retardation, and the consequent over-
all reduced skeletal mass among large
sections of Asian populations, might
have partially mitigated the severity of
depletion in bone density attributable
tolow calcium intakes in childhood and
adolescence.

Also diets very high in protein, of
the type that usually obtain in the USA
and Europe, are known to promote
increased loss of calcium in the urine.
Low protein diets generally in vogue in
developing countries could have con-
tributed to better calcium economy.
With the progressive removal of con-
straints on overall growth and with im-
proved diets and incidental increase in
dietary protein intake, these ‘protec-
tive’ factors may not be operative in
future years.

® There is convincing evidence that
Africans and blacks in the USA are
relatively immune to vertebral and hip
fractures related to osteoporosis be-
cause of racial and genetic factors?34,
Comparative studies of changesin ver-
tebral bone density in black girls and
white girls during childhood and pu-
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berty show that vertebral bone density
is substantially greater in black female
subjects in late puberty; and that this
difference eventually resultsinincreased
peak bone mass of black girls, largely
accruing during the fourth and fifth
Tanner stages of sexual development®.
Bone density in black adults, both fe-
male and male, has been found to be
between 10 per cent to 20 per cent
greater than in white adults®.

The metabolic factors underlying
this racial difference have yet to be
satisfactorily elucidated. Hormonal fac-
tors such as growth hormone, gonado-
tropins and sex steroid hormones, and
calcium-regulating hormones like para-
thyroid may play a role. Asians, how-
ever, do not apparently enjoy this ‘ge-
netic’' advantage which confers on black
Americans relative freedom from the
risk of osteoporosis.

In the development of osteo-
porosis, notonly the level of peak bone
mass that is attained in early aduli-
hood but also the rate of subsequent
bone loss — especially in the post-
menopausal period — is important.

There are currently no studies on
the rates and patterns of bone loss in
the post-menopausal period as between
American white subjects on the one
hand, and American blacks and Asians
on the other. It is possible that the
extent and pattern of decline of estro-
gen levels may have an important role
in determining the loss of bone massin
the post-menopausal period; and there
could be genetic differences in this
regard as between Asian and Ameri-
can women, but we have no evidences
on these aspects as yet.

On the basis of such data as are
presently available, it has to be con-
cluded that Asian populations are as
vulnerable and prone to osteoporotic
fractures as American whites, and that
if other factors contributing to osteo-
porosis such as longevity and seden-
tary lifestyles also come into play,
osteoporotic fractures could emerge
as an important public health problem
in Asian countries.

The few research centres in the
South-east Asian Region wherein tech-
nical facilities and expertise for studies
on bone currently exist are now report-
ing a significant incidence of osteo-
porotic fractures (for example, Depart-
ment of Medicine, Ramathibodi Hos-

pital under Dr Rajatanavin, Bangkok,
Thailand, and the National Institute of
Nutrition, Hyderabad, India).

Research on this problemis curre-
ntly greatlyinhibited and handicapped
in countries of the SEAR due to the
lack of adequate sophisticated equip-
ment. Some of the techniques that were
earlier in use for assessment of bone
density have now become obsolete as
being not adequately sensitive. Mod-
ern techniques for determining bone
density such as the one based on quan-
titative computer tomography (which
measures only trabecular bone, meta-
bolically more active than cortical bone,
and likely to respond more rapidly to
hormonal changes) and the other us-
ing dual photon absorptiometry or dual
energy X-ray absorptiometry, call for
expensive equipment. In addition, ex-
pertise of a high order with respect to
hormonal assays and their interpreta-
tion would also be necessary for com-
prehensive studies on this problem.

The current paucity of data from
the SEAR on this problem of emerging
importance may be related to these
constraints. It is, however, gratifying
that at least two leading centres in the
region are currently engaged in these
studies. These centres must be en-
couraged and supported to undertake
collaborative workin this area of emerg-
ing importance. Some of the issues
that may need to be addressed are
briefly discussed.

Possible Factors
That Need Consideration

The role of calcium deficiency:
The present picture regarding the epi-
demiology of osteoporosis would sug-
gest a minimal role for calcium defi-
ciency in its pathogenesis. Thus the
countries wherein osteoporosis and
fractures of the hip are common are
precisely the countries wherein the in-
take of milk and dairy products in par-
ticular and the overall intake of dietary
calcium in general, are high, in con-
trast to the low dietary calcium intake
levels observed in developing coun-
tries where osteoporosis is not at present
a major health problem.

Available excellent reviews of the
literature on the preventive role of cal-
cium in osteoporosis present contra-
dictory conclusions. There are multiple
factors that affect bone loss. While
several factors, genetic and environ-
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mental, could possibly influence the
attainment of peak bone mass, there
are others which could influence the
subsequent rate of bone mass growth.
Osteoporosis being apparently a dis-
ease of multifactorial origin, the eluci-
dation of the precise role of calcium
deficiency in the disease is a difficult
undertaking.

There is evidence supporting the
view that increased dietary calcium in-
take can reduce the risk of osteo-
porosis®’. It is claimed that calcium
deficiency during skeletal formation
could decrease peak bone mass and
thereby increase the risk of fractures in
later life. The skeleton reaches its ma-
turity in late adolescence. It is esti-
mated that 37 per cent of the total
skeletal mass of adults is accumulated
during the few years of adolescence. It
is reasonable to argue, therefore, that
adequate supply of dietary calcium in
order to ensure optimal calcium bal-
ance during the active phase of ado-
lescent growth is essential for the at-
tainment of peak bone mass.

On the other hand, dietary cal-
ciumis apparently absorbed more effici-
ently during adolescence than in adult-
hood. Apparently while the level of
dietary calcium may determine the pat-
tern of skeletal growth and peak bone
mass, it seems also possible that the
momentum of growth may decide the
pattern of metabolic handling of di-
etary calcium. The subject of dietary
calcium requirementin different stages
of growth and development is there-
fore still an unsettled issue.

The dietaries of poor Asian com-
munities provide around 300 mg of
calcium, well below the recommended
levels. Asian dietaries are predomi-
nantly cereal-based; the phytin con-
tent of such dietaries may contribute to
poor bio-availability of caicium. Major
sources of calcium such as milk and
dairy products are generally beyond
the reach of the poor. Green leafy veg-
etables are a good source but unfortu-
nately their intake is low. Spices such
as mustard, cummin seeds, curry leaves
and coriander, which often figure in
Asian dietaries, are good sources of
calcium® but they are generally taken
in relatively small quantities.

Betel leaves and lime may pro-
vide some calcium, especially for the
adult women who may be in the habit of
chewing themé. Millets like ragi, which



are good sources of calcium, are pro-
gressively being given up®. Onthe whole,
the dietary calcium intakes in Asian
dietaries in all age groups including
childhood and adolescence are well
below recommended levels. If low di-
etary calcium intake is an important
determinant of low peak bone mass,
and of the risk of osteoporotic fractures
in old age, then Asians in general must
be vulnerable. The paradox, however,
as was pointed out earlier, is that cur-
rently the incidence of osteoporotic frac-
tures in these populations is less than
in populations subsisting on daily diets
which provide at least more than double
the level of calcium contained in poor
Asian diets.

Here is obviously an area which
calls for intensive research.

Adolescent growth: The Nutri-
tion Foundation of India had under-
taken a multicentric study on the pat-
tern of growth of adolescent girls drawn
from the most affluent sections of the
Indian population™. The study showed
that the growth performance of the
Indian girls conformed to the 50th per-
centile of the NCHS standard till the
12th year; thereafter (that is, between
the 12th and 18th year) increments in
heights of Indian girls were significantly
less than those of American girls as
represented by the NCHS standard. All
the difference between the adult heights
of American girls on the one hand, and
(affluent) Indian girls on the other, ac-
crued almost 2ntirely during adoles-
cence (12 to 18 years).

The authors of the study had ar-
gued that while the level of dietary
calcium intake in the predominantly
cereal-based Indian diets was perhaps
adequate to sustain optimal growth dur-
ing childhood, it was not so during
adolescence, when the demand for cal-
cium for skeletal growth is much higher
(since nearly 40 per cent of the overall
skeletal growth is compressed within a
short time-span of just six years). The
growth pattern of Indian girls during
adolescence was nearly similar to that
reported for Japanese girls.

If reduced dietary calcium intake
results in reduced overall skeletal mass,
then the effect of low calcium intake on
bone density may be minimal. The ‘wis-
dom of the body’ may dictate that only
such skeletal growth as is commensu-
rate with the available dietary calcium
is permitted so as to maintain ‘bone

quality’ (adaptation). This might ex-
plain the poorer growth performance of
Indian and Japanese girls during their
adolescence as compared to Ameri-
cangirls. It could be argued that growth
retardation might have served to offset
the possible deleterious effect of low
dietary calcium intake with respect to
risk of osteoporotic fractures.

The Nutrition Foundation of India
had launched a study to determine the
effect of calcium supplementation on
the growth performance of Indian girls
during their adolescence. The results
of this study, which is nearing comple-
tion, may throw some significant light
on this issue.

In athree-year, double blind, pla-
cebo-controlled trial of the effect of
calcium supplementation (1,000 mg of
calcium citrate malate per day) onbone
mineral density in 70 pairs of identical
twins, it was found that in pre-pubertal
children whose average dietary intake
of calcium approximated the recom-
mended dietary allowance, calcium
supplementation enhanced the rate of
increase in bone mineral density''. This
effect was, however, not observed in
post-pubertal subjects. It was concluded
from this study that calcium supple-
mentation, especially during the pe-
riod of pre-pubertal adolescent growth,
would contribute to enhanced peak bone
mass and it was conjectured that this
would contribute towards decreased risk
of osteoporotic fracture in later years.

In the post-menopausal period,
the evidence for a preventive role of
calcium supplementation on bone mass
appears to be even less convinc-
ing'2131415 Maintenance of bone mass
during pre-menopausal years seems
to be primarily dependent on the integ-
rity of ovarian function rather than on
level of dietary calcium. On the whole,
estrogen deficiency rather than dietary
calcium deficiency seems to emerge
asthe major cause of post-menopausal
osteoporosis.

sisting on substantially lower levels of
calcium could be different. This is an
area which would call for painstaking
rigorously controlled epidemiological
studies of fairly long duration with labo-
ratory and technical support of an ex-
tremely high order.

Indian Studies
On Osteoporotic Fractures

Veena Shatrugana et al'® had
carried out a retrospective study of
osteoporotic fractures at the National
Institute of Nutrition in Hyderabad, In-
dia. They came up with the remarkable
finding that the general impression that
osteoporotic fractures were rare in In-
dia may not be justified.

The records of cases admitted to
asingle hospital in Hyderabad during a
10-month period (January to October
1987) which they analysed showed that
there were as many as 396 cases of
fractures. While fractures in female
subjects under 40 years of age were
mostly work/accident related, those in
subjects above 40 years of age were
mostly osteoporotic fractures. Indeed,
practically all fractures in subjects above
60 years of age were osteoporotic frac-
tures. There were as many as 176
cases of osteoporotic fracturesinwomen
above 40 years of age in their sample
(Tables 1 and 2). The authors indicate
that this number could be an underes-
timate for the reason that quite a few
records could not be traced. Their data
would show that osteoporotic fractures
in women over 40 years of age in the
southern part of India are by no means
uncommon.

These data raise some important
and interesting issues which would call
for further research. Evidence for such
high incidence of fractures of the hip is
not available from hospitals in other
parts of the country. It is noteworthy
that compression fractures of the ver-
tebrae do notfigure in Veena Shatrugana

Table 1: Distribution of Sample

However, most
of the studies on the

effect of calcium Age in years Women Men
supplementation Under 40 80 61
have been carried out (27.7 %) (57 %)
on populations on | 44 ang apove 209 46
adeguatg levels of (72.3 %) (43 %)
calcium intake. The Total 289 107

effect of such supple-

mentation in popula-
tions as in Asia sub-

Source: Reference 16

3



noteworthy that

Table 2 their sample in-

Types of Fractures in Women over the Age of 40 cluded several
subjects who

Kind of fracture Number Per cent were justover40
years of age —

Osteoporotic not really in the
Neck of femur 145 69.3 extreme ‘geriat-
Shaft of humerus 18 8.6 ric’ category.
Radius (Colle’s) 8 3.8 Secondly, and
Pelvis 5 24 more impor-
Other fractures 33 15.9 tantly, while frac-
Total 209 100 tures of the neck
Source: Reference 16 82:1?;2?9“(; pr?n

et al’s sample. We will return to this
point later in this paper.

Fluorosis: Unlike perhaps in the
USA and Europe, an important factor
that has to be taken into account in the
interpretation of data on osteoporosis
and osteoporotic fractures in India, and
possibly in some other countries of
Asia, is the problem of fluorosis. As in
India, in parts of China and the Arusha
region of Tanzania and South Africa
also, diets that are low in calcium and
a high fluoride intake produce a meta-
bolic bone disease, characterised by
osteosclerosis in some parts of the
skeleton and osteoporosis and possi-
bly also osteomalacia, in other parts.

A syndrome of endemic genu
velgum in fluorosis endemic areas
characterised by osteoporosis, osteo-
malacia and osteosclerosis had been
described in adolescent and young
adults in India’. There have been at-
tempts to treat type | osteoporotic ver-
tebral fractures through fluoride ad-
ministration'8; a history of femoral neck
fractures is a specific contradiction for
such treatments. Increased incidence
of hip fractures in osteoporotic patients
following on fluoride therapy have been
reported %, though there appears to
be some controversy over this subject
as on the significance of the painful
‘lower extremity syndrome’ which de-
velops as a side effect of fluoride therapy.

Fluorides apparently have the
property of inducing osteosclerosis
preferentially in the vertebral bones,
and in the presence of low calcium
diets this is associated with depletion
of minerals from limb bones leading to
their osteoporosis.

It maybeimportantto review Veena
Shatrugana et afs interesting data in
the light of these considerations. It is

their series of
cases, vertebral fractures were virtu-
ally absent. It is possible that there
were vertebral fractures in the series,
but in the absence of specific investi-
gations directed to this, possibly they
were missed.

Hyderabad is not exactly a fluo-
rosis-endemic area but the possibility
of the major hospital there having at-
tracted patients from nearby fluorosis-
endemic areas cannot be ruled out.
Increased fluoride retentions in sub-
jects subsisting on sorghum (jowar)
diets, as compared to those on rice-
based diets, has been reported®'; and
jowar does figure prominently as a
staple in the diets of some poorincome
groups in the area.

What we may thus be dealing
with there is not the geriatric osteo-
porotic fractures of the USA and Eu-
rope but a syndrome of osteoporotic
fractures of the neck of the femur inci-
dental to fluorosis in which high fluo-
ride intake, low calcium dietaries and
post-menopausal loss of bone density
(in the case of women past 40 years of
age) may all be contributing factors.
Studies currently in progress at the
National Institute of Nutrition by Veena
Shatrugana et al may throw light on
this interesting possibility.

The foregoing account will show
that studies on osteoporosis in the con-
text of generally low dietary calcium
intake (and high fluoride content in
water in some pockets), must find a
place in the future nutrition research
agenda of South-east Asian countries.
Such studies will not only present in-
terestingacademic challenges but could
also be of practical value. They may
throw light on the unsettled issue of
optimal dietary calcium requirement,
possibly contribute towards the preven-

tion of osteoporotic fractures in the
elderly, and towards the better man-
agement of the problems of the aged.
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