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Osteoporosis in India-The nutritional hypothesis
A.GUPTA

ABSTRACT
Osteoporosis, a silently progressing metabolic bone disease
that leads to loss of bone mass, is widely prevalent in India and
osteoporotic fractures are a common cause of morbidity and
mortality in adult Indian men and women. This review of the
international patterns of osteoporosis reveals two distinctive
clinical features of this disease in Indians. Firstly, hip fractures
occur at a relatively earlier age in Indian males and females,
compared to their westem counterparts; and secondly, a
higher male-to-female ratio suggests that Indian males are at
a higher risk for hip fractures. The reasons for these differences
are not known. It is possible thata dietary deficiency of calcium,
beginning early in life, leads to a lower peak bone mass, and
consequently osteoporosis at an earlier age. Furthermore,
malabsorption of calcium due to a subclinical deficiency of
vitamin D may lead to osteoporosis, without causing osteo-
malacia. With the increase in life expectancy, osteoporosis
has become a formidable public health problem in India and a
multidisciplinary approach is needed to identify its aetiological
factors and devise strategies for mass prevention of calcium
and vitamin D deficiency (possibly by fortification of food with
these nutrients). Another issue that needs to be addressed is
the social dogma against hormone replacement therapy in
postmenopausal women. These measures, coupled wjth health
education of the masses, should help promote bone health
and control osteoporosis in India.
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INTRODUCTION
Kyphotic old men and women, some of them so bent as to be
facing the ground, are a common sight in the streets and house-
holds of old Delhi. An X-ray of the subject shown in Fig. 1
confirmed that the deformity, commonly portrayed in Indian folk
tales as characteristic of the elderly, is in fact due to advanced
osteoporosis. Osteoporosis is a disease characterized by abnor-
malities in the amount and structural arrangement of bone tissue
which leads to impaired skeletal strength and an undue suscepti-
bility to fractures. These qualities are difficult to measure directly
but are reflected in bone mineral density, which can be measured
accurately and non-invasively by various radiological techniques.
Bone mineral density (BMD) correlates well with fracture risk
and, therefore, can be used as a surrogate marker of osteoporosis.
Peak BMD in an individual is achieved at the age of 25-30 years
and the progressive decline in bone density with advancing age is
associated with a higher risk of fractures. According to recent
World Health Organization (WHO) criteria, 1 low bone mass (or
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osteopenia) is now defined as BMD more than I SD below the
young normal mean but less than 2.5 SD below. Osteoporosis is
defined as bone density levels more than 2.5 SD below the young
normal mean, even in the absence of a confirmatory bone biopsy.
A subset of patients with presumptive osteoporosis who have a
history of one or more fragility fractures are deemed to have
'established osteoporosis'. These criteria for diagnosis of osteo-
penia and osteoporosis are not applicable if bone densitometry is
either not available, or the norms for peak bone density in the
specific population group have not been established. Therefore,
the guidelines for diagnosis of osteopenia or osteoporosis in
Caucasians may not identify the Indian population at risk for
osteoporotic fractures.

Osteoporosis may be either primary or secondary to a clearly
identifiable aetiological mechanism. Primary osteoporosis can be
classified into postmenopausal and senile. Postmenopausal

FIG I. 'Stooped posture' as a consequence of advanced osteo-
porosis and vertebral fractures in an elderly Indian woman
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osteoporosis relating to early postmenopausal bone loss, results in
apparent excess loss of cancellous bone with relative sparing of
cortical bone. The clinical syndromes associated are Colles'
fracture and vertebral fracture. In older patients, there is a more
concordant loss of both cortical and cancellous bone. This pre-
sumably is a result of age-related calcium malabsorption due to a
decline in renal production of 1,25-dihydroxy vitamin D, and
decreased response of the intestine to 1,25-dihydroxy vitamin D
with subsequent secondary hyperparathyroidism. It is the
hyperparathyroidism that is largely responsible for the excess
cortical bone loss. The hip fracture is associated with this type of
osteoporosis.

Osteoporosis and osteopenia are the most common metabolic
bone diseases in the developed world, whereas osteomalacia is
thought to be more prevalent in developing countries like India
where nutrition is suboptimal. This review aims to show that
osteoporosis is a common metabolic bone disease in India, with
a clinical spectrum that is different from that of the West, and
highlights nutritional factors that may be responsible for these
differences.

OSTEOPOROSIS-IS IT A CONCERN FOR INDIA?
It is difficult to obtain precise figures on the prevalence of
osteoporosis since most osteoporotic fractures, with the excep-
tion of hip fractures, do not require admission to hospital. In India,
unlike in developed countries, even patients with hip fractures
may not be taken to hospital because of their advanced age.
Furthermore, in India men are more likely to be taken to hospital
than women, thereby distorting the sex prevalence of the disease.
Nordin reviewed 119 consecutive hip fractures from Delhi and
Veilore in the early 1960s and found that fractured neck of femur
occurs at all ages in India, unlike in the West where it is concen-
trated among the elderly. 2 Particularly striking was the dispropor-
tionately high male-to-female ratio for hip fractures in India
compared to Finland (Fig. 2). In Finnish men fractures occurred

o FEMALES
• Jw4ALES FRACTURED HIPS

Ie

,,,
"

INDIA

';: .4
c
U 12 ,,

o

FINLAND

100

.0

eo
'0

~ 60

U 50

• <0
o

,0a
z 20

'0 ~-."
JO.J9 40-"9 50-59 60-61) 70-79 eo-eo
AGE GROUPS

FIG2. Number of cases of fractured hip arranged according to sex
and age in a series collection in Delhi and Vellore (above) and
in two hospitals in Helsinki (below). (Reprinted by permission
from Nordin BEC. International patterns of osteoporosis. Clin
Orthop 1966;45: 17-30)
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after 40 years of age and the peak age group was 70-90 years
(56%). Amongst Indian men hip fractures occurred at all ages with
the first peak occurring at 30-39 years of age (25%) and the
second at 50-70 years (25%). Hip fractures also occurred at an
earlier age in Indian women compared to those from Finland
(Fig. 2). This study raises the possibility that osteoporosis and
associated fractures occur at an earlier age in Indian men and
women, but the aetiology of these fractures Was not ascertained.

This observation is supported by the few studies that have
addressed osteoporosis in India. Gupta et al.' analysed the
aetiological factors involved in 92 fractured hips admitted to
G.S.V.M. Medical College, Kanpur in 1965. Half (50%) of the
cases resulted from mild trauma defined as slipping on the floor
or steps with or without falling, and 22% from moderate trauma
defined as a fall from a bicycle, rickshaw or from a height of less
than six feet. Males comprised 70% and women 30% of all
patients. The average age for males was 49 years and females 57
years. Of the 53 cases above 50 years of age, 47 (89%) showed
radiological evidence of osteoporosis, but in 39 cases below the
age of 50 years, only 9 (18%) had radiological evidence of
osteoporosis. The authors compared their experience with that
reported from other parts of the world. In the three series reported
from the West males comprised only 11%-37% of hip fracture
victims, and the average age was 71-75 years+" (Table I). The
authors concluded that hip fractures occur ten years earlier in
Indian men and women (average age 56 years), compared with
those from the West and are relatively more frequent in Indian
males. When these workers reviewed their experience over a
period of five years, 63% of the 425 patients with hip fractures
were males, and the combined average age for males and females
was 55 years (Table I).

Vaishnava and Rizvi studied 421 patients with hip fractures
admitted to the Irwin Hospital (now LNJP Hospital) in New Delhi
in 1965-66. They reported that 141 (33.5%) patients had osteo-
porosis based on X-rays and iliac crest biopsies.! No aetiological
factors for the osteoporosis were identified. Of these 141 patients,
10% were under 50 years (all males), 23% were between 50 and
69 years (50% males) and 67% were over 70 years (50% males).

There is evidence that Indians living in other countries may
exhibit a similar age and sex prevalence of osteoporotic fractures.
Wong studied the incidence patterns of this fracture among the
major racial groups in Singapore and reported the average age to
be 58 years in Indians, 59 years in Malayans and 63 years in
Chinese." Although all the three racial groups in Singapore
suffered hip fractures at an age earlier than their western counter-
parts, only Indians and Malayans exhibited a male preponder-
ance. Idiopathic osteoporosis in young males has been reported
from western countries, but is distinctly unusual. A recent report
from Norway described eight otherwise healthy men with

TABLE I. Age and sex incidence of fracture neck of femur by
different workers

Author Number of patients Average age (years) Males (%)

Evans'
Stewart"
Cleveland et al,"
Wong'

Chinese
Malayans
Indians

Gupta et al?

110
190
239

74
71
75

37
26
II

564
37
90

425

63
59
58
55

27
62
76
63
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osteoporosis, aged 35-57 years, with ordinary lifestyle and eating
habits and wondered if they were witnessing a 'new disease'."

Nordin? suggested that the unusual profile of hip fractures in
Indian patients may be related to osteomalacia rather than osteo-
porosis. However, later studies suggest that the fractures are
indeed due to osteoporosis. Fractures are an unusual presentation
of osteomalacia and usually occur in young females. Vaishnava
and Rizvi reviewed 558 patients with biopsy-proven osteomalacia.
Only 5% of these patients presented with fractured hips, and all of
them were women between 15 and 30 years of age. 8 Also, 89% of
hip fractures in patients over 50 years of age were due to osteo-
porosis.'

From these studies we can conclude that (i) osteoporosis
occurs in both males and females in India, (ii) osteoporotic
fractures occur more commonly in Indian males than females, and
(iii) osteoporotic fractures usually occur 10-20 years earlier in
Indian men and women, compared to Caucasians in the West.

There is considerable evidence that osteoporotic fractures are
preceded by osteopenia, and are a direct result of low bone mass.
BMD correlates strongly with bone strength, accounting for
75%-85% of the variance in the ultimate strength of bone tissue. \0

Also, BMD in the femoral neck diminishes with ageing, falling an
estimated 58% in white women and 39% in white men between
the ages of20 and 90 years, whereas BMD ofthe intertrochanteric
region of the proximal femur declines 53% and 35% respec-
tively. II If osteoporotic fractures occur at an earlier age in Indians
it is reasonable to expect that osteopenia may be found at an earlier
age.

Since bone densitometry is not available in India, BMD has not
been reported in Indians. A few studies have reported the apparent
bone density using the older methods of visual assessment of
X-rays of the spine, femur or metacarpals. Nordin examined spine
X-rays of apparently normal individuals from various countries
and found that the percentage of osteoporotic films in the critical
age group (35-64 years) was highest in Indians and Japanese, and
lowest in Finns (Fig. 3).2The author concluded that on a global
basis Indians have among the highest prevalence of osteopenia,
and bone loss may commence at a younger age in them. Similar
results have been reported in two other, rather small, studies.
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FIG3. Percentage of normal, doubtful and osteoporotic films in

patients aged 35-64 years arranged by sex and country. The
number in parentheses represents the number of films exam-
ined. (Reprinted by permission from Nordin BEC. International
patterns of osteoporosis. Clin Orthop 1966;45: 17-30.)
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Using visual X-ray assessment Sridhar et al. reported that 6 out of
100 apparently healthy Indians below 50 years of age had
osteopenia." In another similar study 13% of 60 asymptomatic
Indians between 10 and 70 years of age had osteopenia on radio-
logical study of bones." However, standard roentgenographic
methods have error rates of 30%-50% in the diagnosis of osteo-
penia, and therefore these studies may have underestimated the
prevalence of osteopenia.

The only large pathological study of bone density in Indians
was reported by Ahuja." This study measured the ash content and
visual porosity of bones taken from 200 apparently healthy
Indians who died in road accidents and found that there was
approximately 6% loss of bone per decade after the third decade.
However, there was no significant difference in the rate of bone
loss between men and women and osteopenia was found in 44%
of males and females over the age of 50 years.

The data presented suggest that osteopenia and osteoporosis
may occur at a relatively younger age in the Indian population.
However, the standard radiological techniques for diagnosing
bone loss used in most of these studies are insensitive. Newer
methods like dual energy X-ray absorptiometry (DEXA) that can
measure bone density with good accuracy, considerable preci-
sion, relative safety and low radiation exposure are now avail-
able." Bone densitometers are widely available in developed
countries and are indispensable tools in the diagnosis and man-
agement of osteoporosis. By measuring bone density in a large
number of individuals in the general population, norms for bone
density specific for age, race and sex can be established and used
to diagnose osteopenia and osteoporosis in individual patients.
Most important, bone mass measurements are the only reliable
predictors of fracture risk, and assessment of risk factors for
osteoporosis is not useful in this regard."

PATHOGENESIS
The pathogenesis of osteoporosis is complex. Bone density in-
creases up to the third and possibly fourth decade of life." Once
peak bone mass has been attained, bone mass at any point in time
is the difference between peak adult bone mass and the loss of
bone mass that has occurred since this was attained. Because age-
related bone loss is a universal phenomenon in humans, a higher
peak adult bone mass decreases the likelihood of developing
osteoporosis later in life. In patients with osteoporosis bone loss
may be accelerated due to abnormalities in the bone remodelling
cycle. The bone remodelling process keeps the skeleton 'young'
by a process of replacement of old bone with new bone. An
imbalance between the removal and replacement of bone will also
lead to osteopenia. It is not known whether osteoporosis in
Indians is a consequence of lower peak bone mass or an increase
in age-related loss of bone.

Factors involved in determining peak bone mass are genetic
and non-genetic (nutrition, smoking, exercise, hypogonadism);
factors increasing rate of bone loss in later life are ageing,
menopause and various lifestyle factors (including drug and
alcohol intake). These have been extensively studied.":" The
factors that may be specially relevant to the risk of osteoporosis
in the Indian population are discussed here.

The genetic connection
Recent studies have advanced our understanding of genetic fac-
tors in osteoporosis. In the last 20 years, studies using techniques
that assess BMD at different sites in the skeleton, have indicated
that monozygotic twins show less variation in bone mass than
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dizygotic twins suggesting that genetic factors control bone
mass.'? Recent studies have suggested that a major genetic com-
ponent responsible for bone mass may be linked to polymorphism
in the gene for vitamin D receptor. 20 In this study dizygotic twins
concordant forthe vitamin D receptor (VDR) gene showed similar
variation in bone mass as monozygotic twins." Although these
findings are provocative, they should be regarded with caution as
the study was performed in a population of Caucasians of mainly
Anglo-Irish descent in Australia.

Advances made in the genetics of osteoporosis may have
implications for racial differences in the clinical spectrum of this
disease. Bone mass and risk of osteoporosis vary with race;
American whites and Orientals have lower peak bone mass and
higher risk of osteoporosis than American blacks. 21-24 Differences
in lifestyles undoubtedly contribute to racial variations in bone
mass but genetic factors are likely to be important. Since the VDR
gene may be a determinant of bone mass, differences in VDR gene
polymorphism in different races could account for differences in
bone mass. Recent studies suggest that the VDR allele associated
with a higher bone mass is present with higher frequency in
American blacks compared with American whites (unpublished
data). We are further studying differences in VDR gene polymor-
phism in Asian-Americans of north and south Indian descent.

The nutritional hypothesis
Calcium and osteoporosis. Of the non-genetic factors, the role

of nutritional factors has been controversial and a matter of debate
internationally, but there appears to be a consensus that (i) meno-
pausal women are generally calcium-deficient; (ii) osteoporotic
women give histories of lower calcium intake than do non-
osteoporotic controls; and (iii) the administration of calcium to
calcium-deficient females can decrease the rate of bone loss and
propensity to fractures.":" Epidemiological studies have sug-
gested that 50-year-old people in a high calcium area (ingesting
950 mg calcium/day) have bone densities comparable to 30-year-
old individuals in a low calcium area (ingesting 450 mg calcium!
day). In this study Matkovic et al. 32 examined the prevalence of
hip fractures in two non-intermingling regions of Yugoslavia. In
one region farming was dominant, and the dietary intake of dairy
products was high. In the other region, the dietary intake of
calcium was low. Hip fractures were more common in the region
with low calcium intake, thereby concluding that life-long high
calcium intake reduced the risk of hip fractures. Although this is
a plausible explanation there could have been hereditary differ-
ences between the two regions. Comparison of mean calcium
intakes of women in the USA from 1971 to 1974 showed that
amongst women between 15 and 17years of age the mean calcium
intake was 750 mg per day and progressively declined to 500 mg
per day in women over 65 years of age." Compared to these
figures, the mean calcium intake in north Indian women was
estimated to be 350 mg per day during a similar time period."
Although calcium is a nutrient and adequate calcium should be
obtained from nutritional sources," in practice it is difficult for
many even in the West to achieve a dietary intake to match the
current recommended daily allowance (fable II). Dairy produce
is the major source of calcium in the West. However, in India,
dairy products are expensive and often in scarce supply. So are
some of the other sources of calcium such as nuts and certain fish.
The major source of calcium for the majority of Indians are cereals
and green vegetables. Bioavailability of calcium from foods is
about 30%, but the bioavailability from some cereals and veg-
etables (spinach and amaranth) may be lower due to the formation
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TABLEII. Recommended calcium intakes (mg/day)

Age group USA India

Children and young adults
1-10 years
11-24 years

Adult women
Pregnant and lactating
25-49 years (premenopausal)
50--64 years (postmenopausal)

Taking oestrogens
Not taking oestrogens

>65 years

Adult men
25-64 years
>65 years

800--1200
1200--1500

500--800
500--700

1200--1500
1000

1000
500

1000
1500
1500 500

1000
1500

500
500

Source: Optimal calcium intake. NIH consensus statement. National Institutes of
Health Consensus Development Conference, 1994; Recommended dietary intakes
for Indians. Indian Council of Medical Research, New Delhi, 1981

of insoluble compounds with phytates and oxalates. Rice, which
is the staple diet in the southern and eastern parts ofIndia, is a very
poor source of calcium." Interestingly, some of the mineral
waters are rich in calcium and the bioavailability of calcium from
this source may be as good or better than that from milk." Wells
are the main source of water supply in Indian villages and towns."
Most of the wells in India are of the shallow type that tap water
from above the first impervious layer. Water from shallow wells
is less hard, with a lower calcium content than from deep wells.
Water consumption is high in tropical countries such as India, and
may be an important source of calcium for some Indians.

Though not without controversy, a consensus has recently
been presented for recommended calcium intakes in the USA.
Surprisingly, the recommended daily allowances for calcium
intake by the Indian Council of Medical Research are much lower
than those recommended in the USA, except during pregnancy
and lactation (Table II). The Indian recommendations seem to be
based on the report that no clear-cut disease due to calcium
deficiency has ever been observed." The well-established link
between calcium intake and osteoporosis should prompt a revi-
sion of these recommendations.

Calcium balance is also a function of calcium excretion. Even
though Indian diet is low in calcium content, it also has a lower
protein content and therefore low endogenous acid production,
which may reduce urinary calcium loss. Therefore, the amount of
dietary calcium required to maintain calcium balance may be
lowerthan that in the West. 4<>-42The protein-induced alterations in
calcium homeostasis (and possibly in bone mass) have been
attributed to increments in endogenous acid production and net
acid excretion due to the oxidation of the constituent sulphur-
containing amino acids." The high salt content of the Indian diet,
on the other hand, is likely to increase urinary calcium excretion,
but the relation between high sodium intake and bone mass is
unknown." Caffeine intake increases urinary and intestinal cal-
cium secretion and excessi ve consumption of caffeine-containing
drinks, like tea, may predispose to osteoporosis." Adequate
dietary calcium intake and avoidance of risk factors that interfere
with calcium absorption or enhance excretion are important goals
in the prevention of osteoporosis.

Vitamin D deficiency and osteoporosis. There is now compel-
ling evidence supporting 1,25 (OH)P as a major regulator of
intestinal calcium absorption." Vitamin D deficiency is still
common in India. In children it causes rickets and in adults
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osteomalacia-a defect of bone mineralization with the accumu-
lation of unmineralized osteoid on bone surfaces. This contrasts
with osteoporosis where bone mineralization is apparently nor-
mal but there is a reduction in total bone mass. It is possible that
subclinical vitamin D deficiency may lead to osteoporosis by
causing malabsorption of calcium without osteomalacia.

Because unfortified milk has a very low concentration of
vitamin D, newborn infants depend on stored vitamin D, obtained
before birth across the placenta to meet the requirements in early
life. Thus, the vitamin D status of breast-fed infants is determined
by that of their mothers during pregnancy and not by that during
lactation. The prevalence of rickets in Indian infants varies
depending on the region. It has been reported to be as high as
0.2%-1.2% in Orissa, 0.1%-1.2% in Hyderabad and 3.32% in
Uttar Pradesh." This suggests that vitamin D deficiency is com-
mon in females of child-bearing age. In fact, osteomalacia is the
commonest form of metabolic bone disease affecting adults in
India. In a study of 628 cases of osteomalacia 76% were in the 13-
35 years age group and 98% were females." A survey of families
of probands revealed that for one known patient, there was more
than one undiagnosed case. This suggests that subclinical vitamin
D deficiency which goes undetected and untreated may be much
more common in the Indian population.

Even though dietary deficiency of vitamin D (average 30 IV/
day) was thought to be the causative factor of osteomalacia in 84%
of patients," it seems that simple deficiency of vitamin D is
invariably related to minimal exposure to solar ultraviolet light."
Yet rickets and osteomalacia are most frequently reported from
those parts of the world where solar ultraviolet light is plentiful. 49

However, a number of factors related to lifestyle may limit
exposure to sunlight. The architecture in the older cities of India
does not favour exposure to sunlight. The closely packed three-
and four-storied houses along narrow streets limit exposure to the
sun. Colour consciousness, especially among women, makes
some shun exposure to sunlight. Social practices call for men to
cover their chest and legs in public, and social norms for women
are even stricter. In an aetological study, sunlight exposure
amongst patients inflicted with osteomalacia was for a mean of
0.35 hours, compared to a mean of 6.6 hours in normal controls.>

Under natural conditions none of the terrestrial vertebrates
maintain vitamin D status from nutritional sources. However, in
man, under conditions of inadequate sun exposure, the dietary
intake of vitamin D becomes important. This rationale has led to
fortification of milk and other dairy products with vitamin D in the
USA. This is not the case in India and deficiency of vitamin D is
common, especially in females in the reproductive age group.
Indians, especially women, are conventionally vegetarians and
the sources of vitamin D are limited. The vitamin D content
expressed as IU per 100 g of foodstuffs commonly consumed in
Indian households are: cooking fat-hydrogenated saturated fat
50-175, whole milk 4, butter 20-60. The average intake of
vitamin D in patients with osteomalacia is 50 IV/day, while a
comparable normal population has an average daily consumption
of about 100 IV/day. 34 Recommendations for daily allowances for
vitamin D, as laid down by the Indian Council of Medical
Research, are approximately half the amount recommended in the
USA (fable Ill). The reasons for this difference are not clear.

As discussed earlier, calcium intake in general is inadequate in
Indians. Low calcium intake has been shown to adversely affect
vitamin D homeostasis. Animal studies have shown that a low
intake of calcium enhances the rate of loss of 25(OH)D from the
circulation so that, if the supply of vitamin D is limited, clinical
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TABLE III. Recommended vitamin D intakes (IU/day)*

Age (in years) USA India

Infants and children
0-18 400 200
Adults
19-22 300 100
23-50 200 100
>51 200 100
Pregnant and lactating women 400 400
• As cholecalciferol, 10 mg cholecalciferol=400 IU vitamin 0
Adapted from Reconunendations by Food and Nutrition Board, National Academy
of Science, National Research Council (revised 1980) and Indian Council of Medical
Research (1981) .

vitamin D deficiency can develop ..IO Calcium deficiency results in
secondary hyperparathyroidism, which in turn stimulates utiliza-
tion of25 (OH)D by the kidney to produce I ,25(OH)p. The liver
contains specific receptors for 1,25(OH)P and this sterol stimu-
lates destruction of 25(OH)D. It is the destruction rather than
utilization that leads to 25(OH)D depletion in calcium deficiency.
The same enhanced destruction of 25(OH)D occurs in human
beings in other circumstances when I ,25(OH)P concentration is
raised, as in primary hyperparathyroidism." This phenomenon
also seems to explain the susceptibility to vitamin D deficiency in
chronic gastrointestinal disease. Here it is not a failure of absorp-
tion of dietary vitamin D that causes the deficiency, for vitamin D
status is seldom maintained by this route. Rather, it is malabsorp-
tion of calcium that leads to increased production of 1,25(OH)P
and consequent destruction of 25(OH)D in the liver.

Typically, populations where vitamin D deficiency rickets is
common have a diet that is low in calcium or contains calcium in
a form which has low nutritional availability or both.49.52 From
human and animal experimental studies, it has been predicted that
people in these populations would have an enhanced metabolic
inactivation of vitamin D. If the supply of this prohormone were
limited then there would be an increased risk of deficiency.

Parfitt et al. 53 have shown by bone biopsy that patients with
osteomalacia have thinning of cortical bone, and loss of bone
mineral by bone densitometry. These defects persist despite
correction of the mineralization defect by vitamin D therapy. This
irreversible bone loss indicated acceleration of bone loss equiva-
lent to 15-20 years of normal ageing. Bone loss of such a magni-
tude must inevitably increase fracture risk.

Based on the evidence presented above it seems possible that
a subclinical calcium and vitamin D deficiency is present in a
significant proportion of the general population in India. Often
these deficiencies are present before peak bone mass has been
achieved. This would result in a lower peak bone mass, and
continuing deficiencies of calcium and vitamin D would promote
further bone loss. This may explain the occurrence of osteoporotic
fractures at an earlier age amongst Indians; but this hypothesis
remains to be tested.

The role of vitamin D per se in the pathogenesis or treatment
of osteoporosis remains controversial.v-" A recent study from
France has shown improvement in fracture rates and increase in
bone densities in elderly persons treated with vitamin D (20 mg or
800 IV of vitamin D3) and 1.2 g of elemental calcium." This and
other studies emphasize the fact that many elderly patients may
have subclinical vitamin D deficiency due to inadequate exposure
to sunlight. These studies were performed in countries that do not
add vitamin D to milk or dairy products, and hence are applicable
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to developing countries such as India.
The role of high doses of vitamin D in the treatment of osteo-

porosis is controversial. Nordin showed that women given SO000
IU twice weekly for an average of 2.2 years had more fractures
than placebo- or calcium-treated patients, and the BMD decreased
more rapidly." Except in patients with proven vitamin D deple-
tion, high-dose vitamin D may not be beneficial in the treatment
of osteoporosis, and may lead to adverse effects such as hyper-
calciuria, nephrocalcinosis and hypercalcaemia. Unfortunately,
laboratory testing for vitamin D deficiency is not practical in
India due to the expense and limited availability. However, there
is a need for plasma 2S(OH)D assays to be available.

Although high doses of vitamin D can be harmful, small doses
are not. It could be argued that it would be better to advise low-
dose vitamin D prophylaxis, rather than screen susceptible indi-
viduals using expensive tests. A universal policy of supplement-
ing milk with vitamin D, as is practiced in the USA, seems to have
much to recommend it. The immigrant Asian community in USA
does not seem to be as susceptible to metabolic bone disease as in
the UK. However, the UK Department of Health and Human
Services working party rejected this idea as well as selective
compulsory fortification of chapatti flour. Instead, it recom-
mended voluntary fortification and health education for the Asian
community." Unfortunately, studies suggest that this policy of
health education and prophy lactic vitamin D supplementation has
not been particularly effective for non-pregnant adult Asians.58•59

It has been suggested that annual high-dose vitamin D prophy-
laxis may be more effective," but this needs to be confirmed.
Enrichment of diet will only follow economic well-being.

Nutrition and sex hormones. Oestrogen deficiency is undoubt-
edly one of the major causes of osteoporosis in postmenopausal
women, and some nutritional and social practices in India may
have bearing on the hormone axis. In postmenopausal women
ovarian testosterone secretion is usually maintained, but the
secretion of oestrone, oestradiol and androstenedione, although
diminished, varies considerably." The conversion of adrenal
androgen, androstenedione to oestrogens in the peripheral tissues
is an important source of oestrogens in postmenopausal women,
and may be reduced in 'thin' women. Osteoporosis has often been
regarded as a disorder of 'thin' women.62.63 This may be partly
related to the loading of the skeleton, but may also be related to the
reduced peripheral production of oestrogens. Lower body-weight
and body fat in Indian women, especially in those from the lower
socio-economic strata, may be acontributing factor to osteoporosis.
Furthermore, vegetarianism has been associated with low bone
mass, possibly related to increased faecal excretion of oestrogens
resulting in lower blood levels.v' Girls in underdeveloped coun-
tries reach menarche later than those in developed countries,
possibly due to nutritional factors, and oestrogen deficiency may
occur because of late menarche."

Protein malnutrition and deficiencies of other micronutrients.
There is evidence, both from human and animal studies, suggest-
ing that protein malnutrition may be a risk factor for osteoporosis.
Firstly, osteoporosis is a feature of kwashiorkor." Secondly,
osteoblastic activity and bone formation are markedly depressed
in Rhesus monkeys given special diets containing negligible
amounts of proteins for 6-8 weeks. Thirdly, vegetarian diets may
predispose to low bone mass," and are lower in protein content
compared with non-vegetarian diets. Lastly, the most common
and least understood form of metabolic bone disease in patients
with gastrointestinal disease is low-turnover osteoporosis that
presents usually with compression fractures of the vertebral
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bodies. This lesion is characterized by normal or reduced osteoid
thickness, a low bone formation rate and absence of secondary
h:ypeJpala1hylO:i:iisn ~7Protein and micronutrient deficiencies
are thought to contribute to this disease. Therefore, it is conceiv-
able that nutritional deficiencies may result in a similar'disease, in
the absence of gastrointestinal pathology.

Several micronutrients are considered important for bone
health. The degree of bone loss has been correlated with dietary
folate," cobalamin," boron 70and blood vitamin K71in longitudi-
nal and cross-sectional studies. Significant correlations have also
been observed between the degree of bone loss and dietary zinc."

Clinical and subclinical protein malnutrition continues to be a
major public health problem in India. Its role in the unique profile
of osteoporosis in India remains to be studied.

SUMMARY
India seems to have the highest prevalence of osteoporosis and
osteopenia, perhaps only equalled by Japan. Osteoporosis amongst
Indian men and women, is characterized by some unique features.
It seems to manifest as hip fractures at an earlier age, and more
Indian males than females suffer hip fractures. The hypothesis
that nutritional factors are the major determinants of these fea-
tures needs to be examined, since the 'oestrogen' factor would not
explain the inordinate prevalence of osteoporosis in Indian men.
Calcium and vitamin D intake in Indians may be much lower than
in western countries. The recommended daily allowance for
calcium and vitamin D is certainly lower in India than in the USA.

Osteoporosis is a preventable disease, and not a normal conse-
quence of ageing. The chronic nature of the disease, and the fact
that infectious diseases and malnutrition are more important
public health problems, has led to the neglect of osteoporosis as
a disease in India. This is exemplified by the fact that osteoporotic
patients disabled by severe deforming kyphosis are still seen
and yet there is little published data on this problem. Ignorance
about osteoporosis is one of the important reasons why hormone
replacement therapy is rarely used to treat postmenopausal women
in India. With life expectancy o~ the rise and people living longer,
osteoporosis is likely to emerge as a major public health problem
in India, that can no longer be ignored.

With the availability of tools to measure BMD non-invasively,
it is imperative that bone density norms are established for Indian
males and females of different age groups and socio-cultural or
ethnic backgrounds. This will allow diagnosis of osteopenia and
osteoporosis in individual patients, so that preventive measures
can be instituted before osteoporotic fractures develop. Clinical
research is indicated to identify the aetiological factors for early
occurrence and male predominance of the disease in India. A
concerted effort by the medical profession is needed to define this
problem and bring it to public attention.

Until these studies are done, the general recommendations for
prevention of osteoporosis should be followed. These include
adequate calcium intake achieved by calcium supplementation, if
necessary, maintenance of adequate vitamin D intake throughout
life, regular exercise, avoidance of smoking or excessive alcohol
intake, and hormone replacement therapy when indicated.
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