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Relation of age, body weight and BMI with bone mineral density (BMD) at spine,
proximal femur and total body BMD in postmenopausal Kashmiri women: a study of
165 cases.

Postmenopozal Kasmirli Kadinlarda Yas, Viicut Agirhg ve VKI ile Omurga,
Proksimal Femur ve Toplam Viicut Kemik Mineral Yogunlugu (KMY) arasindaki
iliski: 165 Olgu Uzerinde Yapilan Bir Cahsma.
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Amag¢: Postmenapozal Kagmirili kadinlarda  osteoporoz
prevalansini ve yas, viicut agirhg ve Viicut Kitle Indeksi (VKI) ile
Kemik Mineral Yogunlugu (KMY) arasindaki iliskiyi arastirmak.

Yontem: Poliklinik bagvurusunda bulunan ve yazili bir
aydinlatilmis onam alinan Postmenopozal kadinlar ¢alismaya alindi.
Her bir 6zne igin yasg, boy ve agirlik kaydedildi ve BMI, kg / m2
olarak hesaplandi. Dual Enerji X-ray Absorptiometri (DEXA)
kullanilarak lumbar omurga, proksimal femur ve tiim viicutta BMD
(t-skoru) elde edildi. Olgular yas, kilo, VKi ve KMY'ye (t-skoru)
gore gruplara ayrildi. Sonuglar, SPSS istatistiksel paket program
kullanilarak analiz edilmistir.

Bulgular: Ortalama yaslar1 58.9 + 9.7 yil olan, ortalama agirligi
56.5 + 11.7 kg ve ortalama BMI 24.1 + 4.3 kg / m2 olan 165
postmenopozal Kasmirli kadin analiz edildi. Lumbar omurga,
proksimal femur ve total viicutta diisiik kemik kitlesi (osteopeni ve
osteoporoz) sirastyla% 96.4,% 64.3 ve% 68.5 idi. Tiim bolgelerde
osteoporoz prevalansi ileri yas gruplarinda istatistiksel olarak daha
anlamliydi (P <0.05). Hem viicut agirligi, hem de VKI agisinda daha
yiiksek bir tarafta bulunma, osteoporoza karsi koruyucu bir etkiye
sahipti ki bunlar bel omurundaki VKi ve KMY harig istatiksel olarak
anlamliyd: (p <0.05) (P = 0.276). Yas, tiim dlgiilen yerlerde KMY ile
negatif korelasyon (P <0.00001), viicut agirhg ve VKI ise pozitif
korelasyon gosterdi (P <0.00001).

Sonug¢: Kasmirli postmenopozal kadinlarin yaklasik% 80'i bel
omurunda osteoporotiktir. Sadece dortte birinin total viicut KMY'sine
gore osteoporotik oldugu ve proksimal femur KMY'sine gore beste
birinin osteoporotik oldugu goriiliiyor. Artan yas ile KMY tim
bolgelerde azalmaktadir. BMI'nun koruyucu olmadigi lomber omurga
haricinde, viicut agirhgindaki ve VKi'nin osteoporoza kars1 koruyucu
bir rolii vardir. Viicut agirligi, tim bolgelerdeki KMY agisindan
VKi'den daha iyi bir dngoriiciidiir.
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ABSTRACT

Aim: To find prevalence of osteoporosis and relation of age, body
weight and Body Mass Index (BMI) with Bone Mineral Density
(BMD) in postmenopausal Kashmiri women.

Methods: Postmenopausal women, attending the outpatient
department, were registered for the study after taking a written
informed consent. Age, height and weight were recorded for each
subject and BMI calculated as kg/m?. BMD (t-score) was obtained at
lumbar spine, proximal femur and whole body using Dual Energy X-
ray Absorptiometry (DEXA). The subjects were divided into groups
based on age, weight, BMI, and BMD (t-score). The results were
analyzed using statistical package for social sciences.

Results: 165 postmenopausal Kashmiri women with a mean age
of 58.9 + 9.7 years, mean weight of 56.5 + 11.7 kg and mean BMI of
24.1 +4.3 kg/m” were analyzed. 96.4 %, 64.3% and 68.5 % subjects
had low bone mass (osteopenia and osteoporosis) at lumbar spine,
proximal femur and total body respectively. Prevalence of
osteoporosis at all the sites was more in advanced age groups which
was statistically significant (P < 0.05). Both body weight and BMI on
a higher side had a protective influence against osteoporosis which
was statistically significant (P < 0.05) except for BMI and BMD at
lumbar spine (P = 0.276). Age had a negative correlation with BMD at
all the measured sites (P < 0.00001) while as body weight and BMI
had a positive correlation (P < 0.00001).

Conclusion: Nearly 80 % of Kashmiri postmenopausal women
are osteoporotic at the lumbar spine. While as only one fourth’s are
osteoporotic with respect to total body BMD and only one fifth’s with
respect to proximal femur BMD. With increasing age BMD decreases
at all the sites. Increase in body weight and BMI have a protective role
against osteoporosis with exception of lumbar spine where BMI is not
protective. Body weight is a better predictor of BMD than BMI at all
the sites.
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Introduction

Osteoporosis is the most common
metabolic bone disease having multi-factorial
association. (1, 2) It is characterised by a
decrease in the bone mineral density (BMD),
predisposing to risk of fragility fractures. (3- 5)
Osteoporosis is a worldwide public health
problem primarily associated with aging and
its prevalence is expected to increase with
increase in life expectancy of the population.
(6-8)

The human skeleton undergoes
continuous remodelling throughout life to
maintain its strength. The plateau of peak bone
mass is reached in the middle of third decade
of life and thereafter bone re-sorption exceeds
new bone formation at the rate of about 0.3 to
0.5 % per year. In women, this rate of bone
loss increases tenfold for five to seven years
after the onset of the menopause, which makes
postmenopausal women more susceptible to
develop osteoporosis than male
counterparts.(7)

Fragility fractures in the elderly
population and their consequent morbidity,
mortality and socioeconomic burden can be
prevented if osteoporosis is diagnosed and
treated early. (9) Postmenopausal women who
are having risk factors for development of
osteoporosis need to be screened for
osteoporosis. It is a well established fact that
body mass index (BMI) and body weight have
a positive correlation with BMD while as
advancing age has a negative impact on BMD.
(1, 9-13) So these parameters should be
analysed to know about the at risk
postmenopausal women. We here study the
relation of age, body weight and BMI with
BMD in postmenopausal women of Kashmir
province of India to know about the parameters
which are better predictors of osteoporosis in
this population.

MATERIAL AND METHODS

The study was conducted on
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postmenopausal women (not experienced any
menstrual bleeding for a minimum of one year
despite presence of an intact uterus and
absence of pregnancy and lactation) attending
the outpatient clinic of a tertiary care centre of
Kashmir province of India from January 2015
to August 2016. Postmenopausal women with
thyroid  disorders, parathyroid disorders,
diabetes mellitus, chronic renal disease,
chronic liver disease, chronic obstructive lung
disease, bronchial asthma, malignancy,
rheumatoid arthritis and other chronic arthritis,
other metabolic bone disease, mal-absorption
syndrome, compression fractures of the spine,
or with history of smoking, alcoholism, long
term immobilization, hysterectomy, surgical
menopause, hormone replacement therapy, use
of drugs causing osteoporosis, and
bisphosphonate therapy were excluded from
the study.

A total number of 165 postmenopausal
women with age ranging from 42 to 85 years
were enrolled for the study. Informed written
consent was obtained from each subject.
Subjects were dressed in light clothes and
without wearing shoes, weight in kilograms
and height in meters was recorded and BMI
calculated as weight (kg)/ [Height (m)] ?, after
which Bone Mineral Density (t-score) was
obtained at lumbar spine (L-1 to L-4 vertebra),
proximal femur and total body using Dual
Energy X-ray Absorptiometry (DEXA) scan.
As per World Health Organization (WHO)
criteria and definition, a t-score of > -1 is
normal bone mass; t- score < -1 but > -2.5 is
categorised as osteopenia and; a t-score of > -
2.5 is labelled at osteoporosis. (5, 14)

The subjects were divided into groups
on the basis of age, weight and BMI. On the
basis of age we had three groups (Age < 55
years; 55 to 65 years and > 65 years), and two
groups on the basis of weight (weight < 55kg
and; > 55 kg). BMI was categorised into four
groups based on the guidelines from Centre for
Disease Control (CDC) (underweight: BMI <
18.5 kg/m% normal weight: BMI 18.5 to 24.9
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kg/m?; overweight: BMI 25 to 29.9 kg/m?; and
obese: BMI > 30 kg/m?). 15 In each of these
groups, BMD (t-score) was analysed at lumbar
spine, proximal femur and total body.

The date collected was analyzed using
statistical package for social sciences (SPSS)
software and expressed as mean + SD. The
association between variables (age, weight and
BMI) and BMD was analysed using Chi-
square test. The correlations and trend between
variables and BMD was calculated using
Pearson’s correlation coefficient test. P-value <
0.05 was considered statistically significant.

RESULTS

The study population included 165
postmenopausal Kashmiri women with an
average age of 58.9 £ 9.7 years. The various
anthropometric parameters and the bone
mineral density (t- score) at lumbar spine,
proximal femur and total body BMD of the
study population have been summarized in
Table I.

Only 3.6 % of the subjects had normal
bone mass and the remaining 96.4 % had low
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bone mass (osteopenia and osteoporosis) at the
lumbar spine. On the other hand 64.3 % had
low bone mass, at the proximal femur. On the
basis of total body BMD 31.5 % subjects had a
normal bone mass (Table I1).

All the subjects > 65 years of age had
low bone mass (osteopenia and osteoporosis)
at the lumbar spine. 66.1 %, 83.6 % and 94.4
% of the subjects of the age groups < 55 years,
55 — 65 years and > 65 years, respectively,
were osteoporotic at the lumbar spine. At
proximal femur, 4.8 %, 20.9 % and 47.22 %
and as per total body BMD 9.7 %, 26.9 % and
47.22 % of the subjects of the age groups < 55
years, 55 — 65 years and > 65 years were
osteoporotic  respectively.  Incidence  of
osteoporosis at lumbar spine, proximal femur
and as per total body BMD was more in
advanced age groups which was statistically
significant (Table II). Pearson’s correlation test
demonstrated a negative statistically significant
correlation between age and BMD at lumbar
spine, proximal femur and for total body
BMD. However, this correlation was moderate
for lumbar spine (R = -0.4) and strong for
proximal femur (R = -0.5) and total body BMD
(R =-0.5) (Table I, Figure 1).
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Figure 1: Scatter diagram with trend line depicting correlation of age, weight and BMI with BMD (t-score) at lumbar spine,

proximal femur and total body BMD.
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Table I: Anthropometric variables and Bone Mineral
Density (T-Score) of the study population.

Variable Mean + Range
SD
Age (years) 58.9+9.7 42 -85
Weight (Kg) 56.5 279 -82.8
11.7
Height (cm) 152.7 + 128 -172
75
BMI (kg/m?)* 241+43 | 135-347
Lumbar Spine L1 to L4 (t - -34+13 -6.6 - 0.6
score)
Proximal Femur (t - score) -14+1.2 -44-29
Total Body (t - score) -1.6+14 -5.1-3

“BMI: Body Mass Index

Weight had a statistically significant impact
on BMD at lumbar spine (x* = 11.33; P =
0.0034), at proximal femur (y° = 32.97; P >
0.00001) and for total body BMD (* = 44.03;
P > 0.00001) (Table II). 90.1 %, 32.1 % and
37.0 % of the participants’ < 55 kg in weight
were osteoporotic at lumbar spine, proximal
femur and for total body BMD respectively,
where as only 65.5 %, 9.5 % and 13.1 % of the
participants > 55 kg in weight were
osteoporotic at these respective sites of BMD
measurement. The correlation of weight with
BMD was significantly positive which was
moderate for the lumbar spine (R = +0.4) and
strong for proximal femur (R = +0.5) and total
body BMD (R = +0.6) (Table Ill, Figure 1).

7.3 % of the study population were
underweight and 38.8 % were overweight and
obese as per CDC guidelines for categorization
of the BMI (Table II). 96.6 % of normal BMI
group and 95.3 % of overweight and obese
BMI groups had low bone mass at spine which
was not statistically significant (P < 0.05)
(Table 1I1). However, 77.1 % of the normal
BMI group and 46.8 % of the overweight and
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obese groups had low bone mass at the
proximal femur which was statistically
significant. Similar relation was also found
between total body BMD and BMI (Table I11).
Pearson’s correlation test had a positive
relation between BMI and BMD at lumbar
spine, however, the relation was weak (R =
+0.3). While as this correlation was found to
be moderate at proximal femur (R = +0.4) and
for the total body BMD (R = +0.4).

Weight and BMI both had positive
correlation with BMD at all the measured sites,
but weight had stronger correlation as
compared to BMI (Table I11).

DISCUSSION

Osteoporosis is a worldwide problem
characterized by decrease in bone mass and
structural degeneration of the bone. (6, 16)
Symptomless loss of bone mass makes it a
‘silent  disorder’.  (16) Prevalence of
osteoporosis is on increase due to increase in
aging population. In India population aged
above 50 years constitutes 10 % of the total
population and is likely to constitute 34 % of
total population by year 1950. And life
expectancy of 67 years at present is expected
to increase to 77 years by 1950. (8, 16)

Osteoporosis can afflict any sex, but
postmenopausal women are the most
vulnerable group. After menopause, women
loose bone mass at the rate of 1 — 2 % per year
for about 5 to 10 years. After 5 years of onset
of menopause mean fall in BMD is 7 — 10 % in
vertebral column and 5 to 7 % in the pelvic
bones. (17, 18)
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Table II: Distribution of BMD at lumbar spine, proximal femur and total body according to independent

variables (age, weight and BMI™)

Distribution of BMD" at Lumbar Spine according to independent variables (age, weight and BMI**)
Normal Bone | Osteopenia | Osteoporosis Total Chi P-value
WVariable Mass Square
No. (%) No. (%) No. (%) No. (%) X2
Age <55 51(3.0) 16 (9.7) 41 (24.9) 62 (37.0)
(yrs) 55 -65 1(0.6) 10 (6.1) 56 (33.9) 67 (40.6) 13.83 0.0078
>65 0(0) 2(1.2) 34 (20.6) 36 (21.8)
Total 6 (3.6) 28 (17.0) 131(79.4) | 165 (100)
Weight <55 1(0.6) 7 (4.2) 73 (44.2) 81 (49.0)
(kg) >55 5 (3.0) 21 (12.8) 58 (35.2) 84 (51.0) 11.33 0.0034
Total 6 (3.6) 28 (17.0) 131 (79.4) | 165 (100)
Underweight 0(0) 0 (0) 12 (7.3) 12 (7.3)
BMI™ Normal 3 (L.8) 13 (7.9) 73 (44.2) 59 (53.9)
(kg/m?) | Overweight 3 (L8) 10 (6.1) 32 (19.4) 45 (27.3) 7.50 0.276
Obese 0(0) 5 (3.0) 14 (8.5) 19 (11.5)
Total 6 (3.6) 28 (17.0) 131 (79.4) | 165 (100)
Distribution of BMD" at Proximal Femur according to independent variables (age, weight and BMI**)
Normal Bone | Osteopenia | Osteoporosis Total Chi P-value
Variable Mass Square
No. (%) No. (%) No. (%) No. (%) X2
Age <55 34 (20.6) 25 (15.2) 3 (1.8) 62 (37.0)
(yrs) 55 - 65 22 (13.3) 31 (18.8) 14 (8.5) 67 (40.6) 3417 | <0.00001
>G5 3 (L.8) 16 (9.7) 17 (10.3) 36 (21.8)
Total 59 (35.7) 72 (437) 34 (20.6) 165 (100)
Weight <55 12(7.3) 43 (26.0) 26 (15.5) 51 (49.1)
(kg) >55 47 (28.5) 29 (17.6) 8 (4.8) 84 (50.9) 32.97 <0.00001
Total 59 (35.8) 72 (43.6) 34 (20.6) 165 (100)
Underweight 3 (1.8) 1(24) 5(3.1) 12 (7.3)
BMI™ Normal 22 (13.3) 46 (27.9) 21 (12.7) 89 (53.9)
(kg/m?) [ Overweight 20 (12.1) 19 (11.6) 6 (3.6) 45(27.3) | 2208 | o0.0011
Obese 14 (8.5) 3(L.8) 2(1.2) 19 (11.5)
Total 59 (35.7) 72 (437) 34 (20.6) 165 (100)
Distribution of BMD" Total Body according to independent variables {age, weight and BMI*¥)
Normal Bone | Osteopenia | Osteoporosis Total Chi P-value
Variable Mass Square
No. (%) No. (%) No. (%) No. (%) x2
Age =55 32 (19.4) 24 (14.5) 6 (3.6) 62 (37.6)
(yrs) 55 - 65 17 (10.3) 32 (19.4) 18 (10.9) 67 (40.6) 28.60 | <0.00001
>65 3 (L.8) 16 (9.7) 17 (10.3) 36 (21.8)
Total 52 (31.5) 72 (43.7) 41 (24.8) 165 (100)
Weight <55 6 (3.6) 45 (27.3) 30 (18.2) 51 (49.1)
(kg) =55 46 (27.9) 27 (16.4) 11 (6.6) 54 (50.9) 44.03 <0.00001
Total 52 (31.5) 72 (437) 41 (24.8) 165 (100)
Underweight 1(0.6) 5 (3.1) 6 (3.6) 12(7.3)
BMI™ Normal 15 (9.1) 47 (28.5) 27 (l6.4) 89 (53.9)
(kg/m?) [ Overweight 22 (13.3) 15 (9.1) 8 (1.8) 45 (27.3) 37.03 | <0.00001
QObese 14 (8.5) 5(3.0) 0(0) 19 (11.5)
Total 52 (31.5) 72 (43.7) 41 (24.8) 165 (100)

BMI: Body Mass Index

The prevalence of osteoporosis in Indian
women ranges from 8 to 62 % in different
studies. (19) Jain V et al (2013) in their study
in Bhopal (India) using quantitative Ultrasound
at calcaneum had 33.5 % and 435 % of
postmenopausal women osteoporotic and

osteopenic respectively. (9)Unni J et al (2010)
had 31.4 % of women, more than 40 years of
age in Pune (India), osteopenic and 14.3 % had
osteoporosis. (13) In our study, 20.6%
postmenopausal women were osteoporotic and
43.7 % were osteopenic at the proximal femur,
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which is comparable to other studies.
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Table III: Correlation between Anthropometric variables and Bone Mineral Density

BMD' (T-score) at lumbar spine | BMD" (T-score) at proximal femur BMD* (T-score) Total body
Variable
R™ P-value R™ P-value R™ P-value
Age -0.468 <0.00001 -0.506 <0.00001 -0.514 <0.00001
(years)
Weight +0.427 <0.00001 +0.504 <0.00001 +0.611 <0.00001
(kg)
BMI** +0.307 <0.00001 +0.437 <0.00001 +0.490 <0.00001
(kg/m?)

“BMD: Bone Mineral Density; “BMI: Body Mass Index;
“*R: Paerson Correlation cofficient

However, at lumbar spine 79.4 % of the
subjects had osteoporosis and 17 % had
osteopenia. Such discordance in BMD at
different sites of measurement in same study
population has been seen before as well.
Chhibber G et al (2007) in their study in Delhi
and rural Haryana of India had 58.4 % of
postmenopausal women osteoporotic at the
lumbar spine, but only 24.4 % were
osteoporotic at the proximal femur. (20) Lu
YC et al (2016) found 50 % discordance
between osteoporosis classification based on t-
score measured at lumbar spine and proximal
femur. Using lowest t-score from multiple sites
significantly ~ increases  prevalence  of
osteoporosis in postmenopausal women from
4.03 % to 10.75 %. (21) There are different
reasons for such discordance. Woodson
proposed physiological factors,
pathophysiological factors, anatomic factors,
artifacts, technical problems as reasons for
such discordance. (22) Weight bearing
increases BMD at hip which explains high
BMI (obesity) as a risk factor for such
discordance. (21, 23) In a retrospective study
on postmenopausal women in India, 34.7 %
had minor discordance and 16.67 % had major
discordance in t-score at hip and spine. (24)

Aging has detrimental effect on bone
mass especially in the postmenopausal women,
where bone loss is accelerated secondary to
loss of ovarian function. (25, 26) BMD
decreases at a faster rate in elderly women than
elderly men. (27) In our study 50 % of the
postmenopausal women, osteoporotic at the

proximal femur, were > 65 years of age and
41.2 % were of the age group 55 to 65 years.
94.4 % of the subjects aged > 65 years were
osteoporotic at the lumbar spine. There was a
negative correlation between age and BMD at
all the measured sites. These observations are
consistent with the studies of Douchin T et al
(2000), Chanprasertyothin S et al (2006),
Montazerifar F et al (2014), Sharmin S et al
(2014) and Petroudia SR et al (2016). (1, 8, 28-
30)

Even though there are studies which
have revealed that obesity has a negative
influence on BMD, majority of the studies
show both body weight and BMI have a
positive impact on bone mass. This has been
explained by whether obesity is defined in
terms of body weight and BMI or on the basis
of amount of total body fat expressed as
percentage of body weight. (31, 32) In our
study both body weight and BMI had a
statistically significant role in protection
against osteoporosis except at spine where
relation of BMI and BMD was not statistically
significant (p = 0.276). BMD at all the
measured sites, in our study, had a positive
significant correlation with body weight as
well as BMI. However, the correlation was
more for the body weight than BMI at all the
measured sites (Table I11). Petroudia SR et al
(2016) in their study had similar results as ours
and concluded body weight is a better
predictor of BMD than BMI. (8) It is proposed
body weight is the better predictor of BMD
than BMI as square of height in the formula for
calculating BMI underestimates BMD in tall
and overestimates BMD in short statured

251



<" ] CONTEMP MED 2017; 7(3): 246-253

subjects. (33, 34) Montazerifar F et al (2014)
had positive correlation of weight and BMI
with BMD at lumbar spine as well as femoral
neck but it was statistically significant for only
lumbar spine. (1) Increased soft tissue mass in
obese and overweight leads to mechanical
loading of the bone which stimulates
differentiation of osteoblasts. Besides the
adipose tissue in obese postmenopausal
women is a source of estrogens from
aromatization, resulting in increase in BMD.
(28, 31, 35)

CONCLUSION

Around one third of Kashmiri
postmenopausal women have normal total
body and proximal femur BMD. One fourth of
women have osteoporosis with regard to total
body BMD and one fifth have osteoporosis at
proximal femur. With regard to lumbar spine
majority (around 80 %) are osteoporotic. With
increasing age of postmenopausal women
BMD decreases at all the skeletal sites. There
is a significant negative correlation between
age and BMD at all the sites. Higher body
weights as well as obesity (higher BMI) have a
protective effect on BMD in postmenopausal
Kashmiri women, except at lumbar spine,
where increase in BMI may not protect against
osteoporosis, even though BMI of the subjects
and BMD at their lumbar spine have a positive
correlation. Body weight is a better predictor
of BMD at all the sites than BMI; both in terms
of Chi Square test as well Paerson’s correlation
coefficient. Thus, postmenopausal women with
lower body weights constitute a high risk
group for development of osteoporosis.

Besides age, weight and BMI, BMD
after menopause is influenced by multiple
factors such as, age at menarche, parity,
duration of lactation of children, dietary habits,
level of physical activity and lifestyle,
socioeconomic status, educational level, status
of vitamin D, truncal obesity, total body fat
mass, total body lean mass and genetic
predisposition, all of which have not been
taken into consideration in this study. The
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premenopausal BMD status of the Kashmiri
women has not been studied, so there is a need
of a study which compares BMD status in both
premenopausal as well as postmenopausal
women. These are the limitations of our study
and need to be addressed in future studies on
postmenopausal women from Kashmir.
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