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ABSTRACT

Introduction: The peak bone mineral density (PBM) status is one of
the most important determinants of future development of osteopo-
rosis. As such data on bone mineral density (BMD) and related in-
formation is important in the assessment and prevention of osteo-
porosis. Objectives: To study the anthropometric and other deter-
minants of PBM status, in a hospital based healthy Bangladeshi vo-
lunteers. Methods: This cross-sectional observational study was
conducted from July to September 2014. A total of 207 young (21-39
years) healthy volunteers of both genders were recruited. The anth-
ropometric parameters, dietary evaluation to quantify calcium and
protein intake, bone mineral density (BMD) by dual energy X-ray
absorptiometry (DXA) was measured. PBM at different sites for both
male and female were determined from quadratic regression model
of BMD on age. Results: PBM (gm/cm?) values for female of lumbar
spine (L1-L4) and total femur were found 1.147 and 1.019 respec-
tively and the age of attainment of those peaks were 30, and 29
years respectively. For male those values were 1.148 and 1.091
(gm/cm?) and 28 and 21 years, respectively. Mean intake of calcium
(303+202 mg/day) and protein (54.17+16.69 gm/day) was lower
than the recommended daily allowances (RDA). On multiple regres-
sions analysis, weight was the most significant predictor of BMD of
total femur in female subjects. In male, age was the most significant
negative predictor of BMD of both lumbar spine and total femur. On
the basis of BMD, Z-score of lumbar spine, 4.9% female and 11%
male subjects suffered from low bone mass. Conclusion: A signifi-
cant proportion of clinically healthy young subjects suffered from
low bone mass. Intervention at various levels may help to improve
PBM and prevent osteoporosis thereby.
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INTRODUCTION

eak bone mineral density (PBM) is the

bone mass during stable period following

growth and accrual of bone mass, prior to
subsequent bone loss." It is the average maximum
bone mass achieved by healthy sex and race-
matched adults which is normally achieved after
puberty. Bone mass at any time in life is a func-
tion of the PBM and the amount lost from matur-
ity.? Genetic, environmental or life style factors
contribute to PBM accrual.** Genetic factor is the
most important among them; about three-fourth
of the variance of PBM in a population is deter-
mined by genetic factor. This heritable compo-
nent of PBM accrual is assumed to be polygenic
in nature.” Environmental and life style factors
(like, calcium and protein intake, vitamin D sta-
tus, exposition to sunlight, physical activity, nutri-
tion, effect of drugs) account for the rest.® Up to
90% of PBM is acquired by age 18 in girls and by
age 20 in boys, which makes youth the best time
to “invest” in one’s bone health.” High levels of
physical activity and good calcium intake during
childhood and puberty can help achieve maximal
peak bone mass.®
Osteoporaosis, the most common metabolic bone
disease affects one in three women and one in
five men over the age of 50 years.? Osteoporosis
is directly related to improper accrual of PBM;
studies estimated that 60% of the risk of osteo-
porosis can be explained by low PBM. Subse-
guent bone loss accounts for the remaining risk
(of osteoporosis).® Thus, even though most os-
teoporotic fractures occur in elderly people, the
risk of osteoporosis may be profoundly affected
by events in early life. Osteoporosis related frac-
ture is associated with increased mortality, con-
comitant morbidity, and reduced quality of life.**
Determination of PBM and the time of its attain-
ment are essential for targeting interventions
aimed at achieving optimal PBM and thus reduc-
ing the risk of future osteoporosis. In Bangla-
desh, till date we don’t have population based
information on PBM. This study was aimed to
determine BMD at different sites, PBM at each

site along with some of its important determi-
nants among healthy hospital based young indi-
viduals.

METHODS

This cross-sectional observational study was
conducted in the Department of Rheumatology,
Bangabandhu Sheikh Mujib Medical University
(BSMMU) in 2014. Young apparently healthy 207
hospital based subjects (doctors, hospital stuffs
e.g. stuff nurse, ward boy, porter, cleaner, labor-
atory personnel , security guards and attendants
of patients), aged 21-39 years of both genders
(female 107, male 100), who had no apparent
constraints to bone growth and mineralization
were recruited. After obtaining the informed
written consent of the study subjects, study
guestionnaire was served. Pregnant and lactating
women, current tobacco user, persons with med-
ical disorders or those who had received drugs
likely to affect bone mineral density (BMD) in last
2 years, and those who had sustained a fracture
within the same period were excluded from the
study. Subjects who were on calcium and vitamin
D supplements for more than 3 months were al-
so excluded from the study.

After screening, BMD of 200 subjects was done
(female 102, male 98, dropped out 7) by dual
energy X-ray absorptiometry (DXA, by Lunar
Prodigy PA+350263 scanners by ‘GE Healthcare’)
of lumbar spine (L1-4), neck of femur (NOF) and
total femur, was done. Quality control of the
scanner was done by phantom scan, on a daily
basis, during the study period. Verification of
phantom mean BMD was done on the densito-
meter followed by corrective action threshold
where needed, according to “The International
Society for Clinical Densitometry” (ISCD) guide-
line.** Anthropometric parameters including
weight, standing height, body mass index (BMI)
was obtained.

Food recall interview was done by an expe-
rienced nutritionist. Subjects stated about the
food and beverages they consumed in the last 24
hours (24 hour food recall), from which daily cal-
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cium intake (mg/day), and elemental protein in-
take (gm/day), were determined. The calcium
and protein content of more than 80 food items,
which includes staple food, pulses, vegetables,
fruits, animal protein, and junk food, were de-
rived from reference book.™ Total daily calcium
(mg/day), and protein (gm/day) intake was calcu-
lated from coded food chart, after serving study
subjects real food items, photographs or dough,
followed by measuring /assessing the amount
consumed. Any inconsistency was dealt with by
re-interviewing.

BMD was expressed as gm/cm” and Z- score,
which is a comparison of the patient's BMD to an
age-matched ‘normal reference population’. Val-
ue of Z- score lower than two standard deviations
from the mean was considered as osteopenia.*
Osteopenia with >1 fragility (low impact) fracture
was considered as osteoporosis. The reference
population is a ‘Combined National health and
nutrition examination survey (NHANES III)’/Lunar
based ‘Asia’ population whose data base was in-
corporated in the DXA densitometer.”® The Z-
score thus determined were entered. All scans
were carried out on the same machine by the
same operator and analyzed by the same soft-
ware. Simple descriptive measures like percen-
tage, mean and standard deviation of different
variables were used. Peak BMD at different sites

for both male and female was determined from
quadratic regression model of BMD on age. Stu-
dent’s t test (unpaired) was used to examine dif-
ferences between the mean BMD levels of 2 dif-
ferent age groups. Stepwise multiple regression
analysis was performed using BMD as the depen-
dent variable and others as the independent va-
riables, to determine predictors of BMD. All data
analysis was done using the SPSS/PC statistical
software package.

RESULTS

A total of 230 individuals participated in the
study, 23 were excluded. Baseline demographic
data of remaining 207 was collected (Table 1).
Bone mineral density was done by DXA of 200
subjects. Mean age of the study subject was 28.
99+5.39 years. The body mass index (BMI) of fe-
male (24.28+3.78 kg/m?) was higher than that of
male (23.7243.42 kg/m?). Mean monthly income
was 12354+9329 and 12874+9359 taka for fe-
male and male respectively. Dietary intake of cal-
cium (mg/day) by male and female were
3124216, and 294 +189 respectively. Protein in-
take (gm/day) by them was 60.72+18.11 and
48.05+12.53 respectively. The difference be-
tween male and female protein intake was statis-
tically significant.

Table I: Baseline characteristics of the study subjects (n-207)

Characteristics of the Female (n-107)

study subjects Mean+SD
Age (years) 28.92+5.34
Height (cm) 152.31+5.96
Weight (kg) 56.5+10.65
BMI (kg/m?) 24.28+3.78
Monthly income (Tk.) 12354+9329
Calcium intake 204+189
(mg/day)
Protein intake

48.05+12.53

(gm/day)

Male (n-100) Total subjects (n-207)
MeantSD MeantSD
29.0745.48 28. 99+5.39
164.5216.58 158.3548.75
64.15+ 8.5 60.28+10.36
23.743.42 24.01+3.61
12874+9359 1262749323
3124216 303202
60.72+18.11 54.17+16.69
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BMD, its trend at different sites, and peak

Bone mineral density (gm/cm?) of L1-L4 was
1.12840.118 for male and 1.133+0.114 for female
were comparable, but BMD at other sites are bet-
ter for male (1.006 vs. 957 neck of femur, 1.049

vs. 1.002 total femur). Z-score at all measured
sites for female was better than those for male
(Table I1). Overall, BMD was observed better at
L1-L4 (Figure 1), but the Z-score was observed
better at total femur (-0.1+0.9).

Table 11: Bone mineral density by dual energy X-ray absorptiometry and corresponding Z- score of the

study subjects (n-200)

Total subject

Investigations Female (n-102) Male (n-98) (n-200) *p
BMD (DXA), n=2
(R ATY Mean + SD Mean + SD Mean + SD
2
BMD, L1-L4 (gm/cm’), 1.133+0.114 1.128+0.118 1.131+0.115 0.803
L1-L4 Z-Score -0.40+£0.9 -0.74+0.9 -0.5+0.9 0.011
BMD NOF( gm/cm?
(9 ) 0.957+0.136 1.006 £0.126 0.981+0.133 0.008

NOF Z-Score -0.46+0.9 -0.48+0.9 -0.4+0.9 0.870
BMD, Total femur( 1.002 +0.125 1.049+0.122 1.025+ 0.125 0.007
gm/cm?)
Total femur Z-Score 0.01+£0.9 -0.29+0.8 -0.1+0.9 0.018
* Student’s ‘t’ test (unpaired)

< | — o °

P [ J
N
1.131
1.025
0.981
Q)_ =
(O_ =

[ BMD_DXA_Litol4 [N Mean_NOF
[ ] Mean_T_Femur

Figure 1: Box plot of mean BMD (DXA) values (of all study subjects)
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Computer based quadratic regression model for
BMD values on age in both female and male
study population was plotted. Based on regres-
sion analysis of different BMD values on age,
peak bone mineral density (PBM) value and age
of its attainment were determined. For female
PBM value at L1-L4, NOF, total femur were
1.147+0.016, 0.982+0.019, 1.019+0.017 (gm/cm?),
respectively and the age of attainment of those

peaks were 30, 29, and 29 years. For male those
figures were, 1.148+0.016, 1.097+0.028, 1.091+
0.028 (gm/cm?) and 28, 21 and 21 years respec-
tively. Predicted PBM values and the age of at-
tainment of peaks were shown in the Table IlI.
Quadratic regression model of BMD on age at L1-
L4 for female and male were depicted in Figure 2
and Figure 3 respectively.

Table llI: Predicted peak bone mineral density value and the age of attainment of peak of the study

subjects (n- 200)

. Gender Predicted val- Age of attain-
Predicted peak BMD
icted pea Female-102 ue 95% ClI ment
(gm/cm”)
Male -98 +SE of peak BMD
. Female 1.14710.016 (1.115,1.180) 30
BMD L1 to L4 predicted peak
predictedp Male 11480016  (1.115,1.181 28
. Female 0.982+0.019 (0.943,1.020) 29
BMD mean NOF predicted peak
predicted p Male 1.007+0.028  (1.042,1.152) 21
BMD total femur predicted Female 1.019+0.017 (0.984,1.054) 29
peak Male 1.091+0.028 (1.036,1.147) 21
SE= Standard error, Cl =confidence interval.
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Figure 2: Quadratic regression model of BMD on age for female L1-L4, peak BMD was 1.147+0.016,

age of attainment 30
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Figure 3: Quadratic regression model of BMD on age for male L1-L4, peak BMD was 1.148+0.016, age

of attainment 28

Predictors of BMD in regression analysis:

On multiple regressions analysis of BMD on pre-
dictor variables (e.g. weight, height, protein in-
take), weight was the most significant predictor
of BMD of neck of femur and total femur for fe-
male subjects (p-0.00 and p-0.00 respectively).

For male, age was the most significant and most
consistent negative predictor of BMD at all the
measured sites (p-0.009, p-0.028, p-0.041, for L1-
L4, NOF, and total femur respectively) (Table IV
and V).

Table IV: Multiple regression analysis of bone mineral densityscore on predictor variables (female sub-

jects, n-102)

Dependent Variable: BMD Dependent Variable: BMD

Dependent Variable:

BMD
L1-L4 (gm/cm?2 Neck of femur (gm/cm?

Independent © ) © ) Total femur (gm/cm?)

Variable Reg.

Reg. t P- Reg. t i t P-

coeff. (b) value  coeff. (b) value (b) ' value
Age 0.00 0.09 0.927 -0.004 -1.56 0.124 -0.005 -1.90 0.062
Weight 0.002 1.43 0.157 0.006 3.83 0.000 0.007 457 0.000
Height 0.005 1.82 0.074 0.001 0.23 0.816 -0.002 -0.88 0.380
Protein 0.001 0.72 0.477 0.002 1.83 0.073 0.002 1.47 0.148
(Constant) 0.185 0.48 0.632 0.501 1.17 0.248 1.012 244 0.017

R Square 0.192 0.286 0.288

Reg. coeff.=regression coefficient
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Table V: Multiple regression analysis of bone mineral density score on predictor variables (male sub-

jects, n-98)

= Dependent Variable

% % BMD (DXA) L1-L4 (gm/cm2) Mean-NOF Mean-T. Femur

§' § Reg. coeff. p- Reg. p- Reg. coeff. val

£ (b) value  coeff (b) value  (b) SRS
Age -0.019 -290 0.009 -0.014 -2.37 0.028 -0.016 -2.19  0.041
Weight 0.007 1.79 0.09 -0.001 -0.32 0.749 0.001 0.15 0.881
Height 0.002 052 0.611 0.006 1.34 0.195 0.007 143 0.169
Protein 0.002 133 0198 0.001 0.48 0.638 0.002 099 0.336
(Constant) 1.016 148 0.157 0552 0.88 0.389 0.319 043 0.675
R Square 0.403 0.455 0.350

Z-score and osteopenia/osteoporosis

Z-score of < -2 is considered as “low bone mass”
or bone mass “below the expected range for
age”. According to that at L1-L4, NOF and total
femur, Z- score < -2 was observed in 4.9%, 2.9%
and 0.98% in female and 11.2%, 3% and 2% in

male subjects respectively. When total subjects
are taken into account, the values (below the ex-
pected range) were 8%, 3% and 1.5 %, respective-
ly of those sites. Z-score based distribution of
study subjects, were shown in Table VI.

Table VI: Z- score based distribution of study subjects (n-200)

Low bone mass “below the expected range for age”(Z-score <-2)

BMD sites Female n-102 (%)* Male n-98 (%)* Total n-200 (%)*  *pvalue
Lumbar spine
05 (4.9) 11(11.2) 16 (8) 0.17
(L1-L4)
Neck of femur 03(2.9) 03 (3) 06 (3) 0.70
Total Femur 01 (0.98) 02 (2) 03(1.5) 0.99

* Z proportion test

Comparison of BMD with other study and manu-
facturer’s data

Female study subjects in our series were segre-
gated into 2 age groups, then BMD values at L1-
L4 and NOF were recalculated after cross calibra-
tion of values (from GE Lunar to ‘Hologic),* for
the purpose of comparison of those values to an

Indian study.'® Recalculated values of our female
population for L1-L4 were 14.3% and 9.8% better
than those of corresponding Indian study (for 21-
30 and 31-40 age groups respectively). The dif-
For NOF
those values were 5.9% and 0.3% better for those

ference was statistically significant.

age groups (Table VII).
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Table VII: Comparison of bone mineral density with Indian population, in spine and dual neck of femur

(Bangladesh n-64, n-38, Indian n-50, n-50)
Bangladesh (Female n-64

Age (21-30) n-38(31-40) **
group  Sites

(year) Mean+SD cv
21-30 Spine  1.054+0.104 9.9
31-40 SPiNe 1 .044+0.119 11.4
21-30  NOF  0.795+0.121 15.2
31-40 NOF  0.775+0.111 14.3

Indian (Female) *®

n-50(21-30),n-50(31-40) % differ-
ence *p-value
MeanzSD CVv
0.903+0.159 17.6 14.3 0.000
0.942+0.1 14 12.1 9.8 0.000
0.748+0.214 28.6 5.9 0.141
0.773+0.120 15.5 0.3 0.936

*Students t test (unpaired), **(Recalculation from the NHANES Database™®)

Similar comparison to NHANES [1I** population

database (both male and female) of total femur
showed that there was no significant difference
between the values of female subpopulation. But

NHANES values for male were 3.9% higher than
those of our series. The difference (p-0.04) was
significant (Table VIII).

Table VIII: Comparison of bone mineral density with NHANES 1l population at total femur

Bangladesh (21-30)

Gender n-64 (F), n-62 (M)
Mean £ SD v
Female 0.944:0.125 132
Male 1.002+0.111 111

NHANES (20-29)"

n-409 (F), n-382 (M) % diff. *p-value
Mean+SD v
0.942+0.122 13.0 0.2 1.00
1.041+0.144 13.8 -3.9 0.04

*Students t test, SD= standard deviation, CV = coefficience of variance

DISCUSSION

The peak bone mineral density (PBM) status is
one of the most important determinants of the
future development of osteoporosis.’” With the
view to measure the PBM, we determined the
bone mineral density (BMD) status of 200 study
subjects. Different other studies had similar study
population®*®; some other study had larger popu-
lation.'**" Age range of this study subjects was
21-39 years. Other study had similar (21-40
years)™ or dissimilar (25-35years)'®?° study popu-
lation. Mean age of our study subjects (28.99
years), was comparable to other study.’®?° Both
height and weight of female in this series were
lower than those in male and the difference was
significant (for both variables p - 0.00), although

BMI of female, was higher. This observation
(higher values for male) was comparable to the
Indian series.”

Mean daily calcium and protein intake was low in
this series (262.66 mg, 52.48 gm), which was be-
low the RDA (400 mg/d and 1gm/kg/day respec-
tively). It was also low in comparison to other
studies.”®?® Significant difference of protein in-
take between male and female was observed in
our series (60.72 gm vs. 48.05 gm, p-0.00), which
is similar to the Indian study® (67.7 gm vs. 50.92
gm). Such a low daily intake may be related to
lack of knowledge, and/or poor buying capability
or other social factor(s).

Mean BMD (gm/cm?) by DXA, of all study subjects
of L1-L4 was better than other measured sites.
Other studies®®* also revealed similar higher
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BMD trend at that same area. BMD (in gm/cm?)
for male was comparable to or better than fe-
male, but Z- score at all measured sites of female
was better than male. Discrepancies between
gm/ cm? and Z-score value of BMD in our series is
an interesting observation which might be an in-
dication that ‘NHANES III’ reference population
database is not working well in Bangladesh. We
had to apply Z-score, as per ISCD guidelines.* (Z-
scores, not T-scores, are preferred for BMD re-
porting in females prior to menopause and in
males younger than age 50.)

Ideally, PBM is estimated from a longitudinal
study in which a large number of male and fe-
male is followed from the age 5 till the age 30,
but such a study is not practically feasible; ?* al-
though there are a number of longitudinal
study.>"**?® Qur study is a cross sectional one;
we found a good number of similar cross section-
al study.>*'®* PBM determination strategy from
cross sectional studies also differed from one
study to another. Some study protocol catego-
rized male and female population into 2 (or
more) different age sub-groups and better mean
BMD values for a subgroup was considered PBM
and that age (group), considered as the age of
attainment of PBM. Shivane’s®® study in this man-
ner, calculated that PBM at some scanned area
appeared earlier and at other areas later. Similar
method was applied in other studies as
We”.18,19,21

We used a computer based regression model to
determine PBM. There are other studies,??’ who
used similar model. Based on regression of dif-
ferent BMD values on age, peak BMD value and
age of its attainment were calculated. PBM at all
measured sites in our series were higher for male
& the age of attainment were earlier for them
(male). For both genders, lumbar peak was high-
er. Bagher et al.,** had similar higher lumber peak
(all study population) and earlier age of peak at-
tainment by male. Study conducted in Vietnam?®
had all those PBM values lower than those of our

series and age of attainment were earlier for fe-
male.

On regression analysis weight for female and
negative correlation of age for male, was the
most significant predictor of BMD (female 2 sites,
male all sites) in our series. Although height
didn’t predict BMD in our series, Shivane et al.,*
found height along with weight as the most sig-
nificant predictors of BMD at all sites. Height,
weight, and total body fat were the most signifi-
cant predictors of BMD by Fuleihan et al.'®
Weight was the most consistent contributor to
variance in BMD by Marwaha et al."® Age, lean
body mass, physical activity and dietary calcium
intake accounted for PBM in the study by Su-
zanne et al.?®

Z- Score based BMD study revealed that up to
11.2% healthy male and 4.9% healthy female sub-
jects had “low bone mass.” (At L1-L4). Compari-
son of BMD value with that of Ranu P et al.,*® re-
vealed that, our female subpopulation had up to
14.3% better BMD value than their Indian coun-
terpart. When compared to NHANES Il popula-
tion database for total femur, there was no signif-
icant difference between the values of female
subpopulation. But our male subpopulation were
trailing significantly (p-0.04) by that NHANES da-
tabase. So, our female subpopulation had compa-
ratively better BMD, although they were trailing
by their male counterpart in the study.
Limitations

The study was conducted on a group of popula-
tion mainly of urban background, which may not
be the representative population. As the study
was not a longitudinal one, any result of PBM
may be an underestimate of the true PBM of the
study population. Sampling was not random (ra-
ther convenient), which might be subjected to
bias. Many other possible determinants of PBM
were not studied, like serum calcium, Vitamin D,
bone markers, Inorganic phosphate and others.
24 hours food recall may not represent the food
habit and average energy consumption of the
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study subjects. Determination of PBM requires a
healthy population with no constraints to growth,
nutrition, and bone mineralization. Low intake of
dietary calcium and protein by our population
might not represent them as “healthy young
population.” A bigger sample would have a better
representation of the PBM and its determinants.

CONCLUSION

Nutrition status needs to be improved in order to
optimize peak bone mineral density and to pre-
vent or retard future development of osteoporo-
sis. Diet (with supplementation) providing ade-
quate protein, vitamin D, calcium, and other ele-
ments in the years prior to peak bone mass is
very important. To the best of knowledge it was
the first population based BMD study in Bangla-
desh. Results obtained and the observations
made in this study may help to generate popula-
tion based database, and encourage comprehen-
sive study on this field in future.
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