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A B S T R A C T 
Introduction: By 2050, low bone mineral density in women is expected to increase by 40% globally, consid-
erably increasing the burden of osteoporosis in future generations, which necessitates greater focus on pre-
ventive measures. Hence, it was planned to study the effectiveness of calcium rich nutritional intervention on 
bone mineral density among women aged 30-50 years in South India. 

Methods: A quasi-experimental pre-test and post-test control group design was conducted among randomly 
selected 20 urban and rural women aged 30-50 years. Calcium rich nutritional mix was given for 16 weeks to 
the interventional arm and for control arm, education on importance of calcium rich diet was given. Bone 
mineral density was measured by DEXA scan pre and post intervention. Descriptive and inferential statistics 
were used to analyse the data. 

Results: Before intervention, all the women (100%) had mildly reduced bone mineral density; post interven-
tion, majority of the women (80%) had normal bone mineral density, only 20% had mildly reduced bone min-
eral density. In the control group, 100% had mildly reduced bone mineral density before receiving health ed-
ucation and after 16 weeks of education, 90% had mildly reduced bone mineral density and only 10% had 
normal bone mineral density. 

Conclusion: Calcium rich nutritional intervention given to the experimental group women resulted in a sig-
nificant improvement in their bone mineral density. However, risk can be lowered by leading a healthy life-
style that includes enough quantities of dietary calcium, vitamin D, and protein, frequent weight-bearing ac-
tivity. 
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INTRODUCTION 

The mineral content of bone tissue is measured by 
bone mineral density.1,2 Low bone mineral density 
(BMD) is the primary cause of osteoporosis and os-
teopenia, both of which increases the risk of fragility 
fracture in elderly women.3,4The prevalence of oste-
oporosis in women varies by age group, ranging from 
8% to 62% in India.5,6 

By 2050, the prevalence of low bone mineral density 
is expected to increase by 40% globally, considerably 
increasing the burden of osteoporosis on future gen-
erations.7,8Calcium is the predominant component of 
bone since it makes up the majority of hydroxyap-
atite crystals or solid particles.9,10 In the body, the 
preservation of blood calcium levels takes prece-
dence over bone tissue. 99% of the calcium reserves 
in the body are found in bone.11 Because calcium ac-
counts for 40% of the minerals in bone. Dietary cal-
cium consumption and bone mineral density are pos-
itively correlated. Foods made with ragi flour, soy 
flour, wheat flour, milk powder, flax seeds, sesame 
seeds, and oats are rich in calcium concentration. 
Consuming 100 gm of ragi gives 344 mg of calcium. 
Milk is another good source, as it contains all of the 
elements and vitamins needed for the development 
of healthy bones, including calcium. Sesame seeds 
are an alkaline food that promotes bone health due 
to their high content of organic minerals such as cal-
cium and zinc. Flax seeds are considered a nutritious 
powerhouse containing calcium, Omega-3 fatty acids, 
fiber, and protein. Taking calcium-rich food lessens 
the chance of bone loss, which further can prevent 
osteoporosis and other bone problems.12 

The International Osteoporosis Foundation discov-
ered that the average calcium consumption ranged 
between 175 and 1233 mg/day in 74 countries 
worldwide, which values are typically much lower 
than those recommended for the adult population. 
Over the last 45 years, dietary calcium intake has de-
creased in both rural and tribal India.13,14 Adequate 
calcium consumption is one critical point for sustain-
ing skeletal health.15 Understanding the pattern of 
bone mineral density in women aged 30 to 50 years 
is another critical point for prevention of osteoporo-
sis, for early diagnosis, and for treatment of its re-
percussions later in life. Bone mineral density is 
measured using quantification ultrasound (QUS), 
which is portable, inexpensive, and emits no ionizing 
radiation.16 Women must be made aware of the im-
portance of nutritional intervention in both disease 
prevention and management. Though many studies 
were conducted in the area of bone mineral density 
among women, the researchers could not find any 
valid study supporting calcium rich nutritional inter-
vention on bone mineral density among southern In-
dian women. Hence, the researchers felt the need to 
assess the impact of calcium rich nutritional inter-
vention on bone mineral density among women aged 
30-50 years in South India. 

METHODOLOGY 

A quasi-experimental pre-test and post-test control 
group design was chosen for the study. The study 
was conducted in Chittoor, a district in Andhra Pra-
desh state, South India  

Twenty women (10 from rural, 10 from urban) aged 
30 - 50 years living in urban and rural areas of Chit-
toor district were included in the study.  

Sample selection criteria: Study included women 
aged 30 to 50 years living in Chittoor district for the 
past 5 years, who do not have any loco-motor disa-
bilities, who are not suffering from chronic health 
conditions or on chronic medication management. 

Sampling technique: Sample were selected ran-
domly by applying simple random technique from 
the selected rural and urban areas of Chittoor dis-
trict. Those selected 20 samples were allocated to 
the intervention and control arm through simple 
randomization. Each arm was finally allotted with 10 
samples (5 from rural, 5 from urban). 

Data collection & analysis: Socio demographic de-
tails and lifestyle details were collected using a self-
structured interview questionnaire at baseline. Bone 
mineral density was measured at baseline and at the 
end of 16 weeks of nutritional supplementation us-
ing Dual Energy Xray absorptiometry (DEXA). 

The data was analysed using descriptive statistics 
(frequency, percentage, mean and standard devia-
tion). Inferential statistics such as independent and 
paired t tests were used. All the statistical analysis 
was carried out at 5% level of significance with a p 
value of<0.05. 

Intervention details: Intervention arm participants 
were given calcium rich nutritional mixture in pow-
der form. The calcium rich nutritional mixture was 
prepared by the researchers with consultation of a 
nutritionist. It was made with ragi flour, wheat flour, 
sesame seeds and milk powder. 500 gms of this mix-
ture gives 1890 Kcal and 3673 mg of calcium. All the 
participants were instructed to take 100 grams of the 
powder (which gives 735 mg of calcium) mixing with 
warm water every morning on an empty stomach. As 
per recommended dietary allowances, women aged 
30-50 years require 1000 mg of calcium per day. 
This nutritious mix of 100 gms per day gives 735 mg 
of calcium and rest is considered from the regular di-
etary intake of the participants. Adherence of the in-
tervention was verified by individual phone calls 
once every 2 days. Health information on the im-
portance of a calcium-rich diet was given to the con-
trol arm participants by conducting a group educa-
tion session after baseline data collection. 

Study period: Study was conducted from June 2022 
to December 2023 

Ethical considerations: The Institutional Ethical 
Committee granted formal permission (by Vinayaka 
Mission’s Annapoorna College of Nursing, IEC No:  
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Table 1: Demographics of women aged 30-50 
years in experimental and control group 

Variables Experimental 
arm (n=10) 
N (%) 

Control 
arm(n=10) 
N (%) 

Age in years   
30-35 3(30) 3(30) 
36-40 3(30) 2(20) 
40-45 2(20) 2(20) 
45-50 2(20) 3(30) 

Educational status   
No formal education 1(10) 1(11.1) 
Primary school 1(10) 1(11.1) 
Secondary school 1(10) 1(11.1) 
Diploma 5(50) 3(33.3) 
Any degree 2(20) 3(33.3) 

Occupation    
Government Service 1(10) 1(10) 
Private Service 1(10) 1(10) 
Business 1(10) 1(10) 
Daily wager 1(10) 6(60) 
Home maker 6(60) 1(10) 

Religion   
Hindu 330) 3(30) 
Christian 3(30) 3(30) 
Muslim 2(20) 2(20) 
Others 2(20) 2(20) 

Age at menarche in years   
11 2(20) 5(55.6) 
12 2(20) 1(11.1) 
13 2(20) 1(11.1) 
14 2(20) 1(11.1) 
15 2(20) 1(11.1) 

Marital status   
Married 5(50) 2(20) 
Unmarried 1(10) 1(10) 
Divorced 1(10) 5(50) 
Separated 3(30) 2(20) 

Number of children   
1 child 1(10) 0(0.0) 
2 children 6(60) 7(77.8) 
3 children 1(10) 0(0.0) 
Nil 2(20) 2(22.2) 

Type of family   
Nuclear 7(70) 8(80) 
Joint 3(30) 2(20) 

Family income per month (INR)  
Less than 5000 1(10) 1(11.1) 
5000-10000 2(20) 2(22.2) 
15001-20000 1(10) 1(11.1) 
Above 20000 6(60) 5(55.6) 

Dietary habit   
Vegetarian  3(30) 3(30) 
Non –vegetarian 7(70) 7(80) 

Habit of drinking milk   
yes 6(60) 3(33.3) 
No 4(40) 6(66.7) 

Level of house hold work   
Mild work 1(10) 0(0.0) 
Moderate work 1(10) 10(100) 
Heavy work 8(80) 0(0.0) 

Physical activity   
yes 3(30) 5(55.6) 
No 7(70) 4(44.4) 

Chronic health issues   
Yes 3(30) 2(20) 
No 7(70) 8(80) 

Body mass index (Asian criteria-BMI)  
Normal 3(30) 3(30) 
Under weight 3(30) 3(30) 
Over weight 2(20) 2(20) 
Obese 2(20) 2(20) 

VMACON/IEC/01/2020). Before beginning data col-
lection, informed written consent was obtained from 
all the participants. Confidentiality of the collected 
data was ensured.  

 

RESULTS 

Among experimental arm participants, majority aged 
30 to 40 years (n=3, 30%), studied diploma (n=5, 
50%) and most of them were home makers (n=6, 
60%). In control arm, majority were daily wagers. 
(Table 1) 

Before intervention, all the women (n=10,100%) had 
mildly reduced bone mineral density and post inter-
vention, majority of the women (n=8,80%) had nor-
mal bone mineral density. Only 20% (n=2) had mild-
ly reduced bone mineral density level. In the control 
group, all 10 (100%) women had mildly reduced 
bone mineral density before receiving health educa-
tion and 16 weeks after education, 90% had mildly 
reduced bone mineral density and only 10% had 
normal bone mineral density. (Table 2) 

In the experimental group, the calculated paired ‘t’ 
test value -6.365 shows a statistically significant dif-
ference between the pre-test and post-test level of 
bone mineral density among women aged 30 – 50 
years. In the control group, the calculated paired test 
value-1.882 shows that there is no significant differ-
ence between the pre-test and post-test level of bone 
mineral density among women aged 30 – 50 years. 
(Table 3) 

Calculated independent ‘t’ test value of -1.213 shows 
statistically there is no significant difference between 
the level of bone mineral density among women aged 
30 – 50 years in the pre-test between the experi-
mental and control group, where as in post-test find-
ings, the calculated independent ‘t’ test value of4.250 
shows that there is a statistically significant differ-
ence between the levels of bone mineral density 
among women aged 30-50 years  between experi-
mental and control groups.(Table 4) 

 

Table 2: Frequency and percentage distribution 
of pre-test and post-test level of bone mineral 
density among women aged 30 – 50 years in ex-
perimental and control group (n= 10+10) 

 Experimental group 
Pre (%) Post (%) 

Level of BMD   
Normal bone density 0 (0) 8 (80) 
Mildly reduced BMD 10 (100) 2 (20) 
Osteoporosis 0 (0) 0 (0) 

Level of BMD     
Normal bone density 0 (0) 1 (10) 
Mildly reduced BMD 10 (100) 9 (90) 
Osteoporosis 0 (0) 0 (0) 

BMD – Bone mineral density 
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Table 3: Effectiveness of intervention on level of bone mineral density among women aged 30 – 50 
years in the experimental and control groups (n= 10+10) 

Test Mean Standard deviation Mean difference Paired ‘t’  p 
Bone mineral density - Experimental group      

Pre test  -1.32 0.257 -2.21 -6.365 0.001* 
Post test  0.890 0.998 

Bone mineral density - Control group   
Pre test  -1.22 0.042 -0.450 -1.882 0.092 
Post test  -0.770 0.727 

*Statistically significant at 0.05 level of confidence 

 

Table 4: Comparison of the Pre-test and post- test level of bone mineral density among women aged 
30 – 50 years between the experimental and control groups (n = 10+10) 

Group BMD Mean Sstandard deviation Mean difference Independent ‘t’ Value p 
Pretest      

Experimental -1.32 0.257 -0.10 -1.213 0.241 
Control -1.22 0.421 

Posttest      
Experimental 0.890 0.998 1.66 4.250 0.001* 
Control -0.770 0.727 

*Statistically significant at 0.05 level of confidence, BMD – Bone Mineral Density 

 

DISCUSSION 

Before intervention, all the women (100%) had mild-
ly reduced bone mineral density and post interven-
tion, majority of the women (80%) had normal bone 
mineral density, only 20% had mildly reduced bone 
mineral density level. In the control group, 100% had 
mildly reduced bone mineral density before receiv-
ing health education and after 16 weeks of education, 
90% had mildly reduced bone mineral density and 
only 10% had normal bone mineral density. 

According to Shahnaz Akil et.al., (2021), the nullipa-
rous women group exhibited a considerably greater 
prevalence of normal BMD than the multiparous 
group (70.6 percent vs. 47.1 percent). 51.2% of mul-
tiparous females had normal BMD, 25.6% had below-
average BMD, 18.6% had osteopenia, and 4.7% had 
osteoporosis. Parity impacts the bone mineral densi-
ty (BMD) of young and middle-aged females as com-
pared to nulliparous females, as measured by a port-
able ultrasound-based bone densitometer.17 

In experimental group, the calculated paired ‘t’ test 
value of t = -6.365 shows statistical significance. In 
control group, the calculated paired ‘t’ test value of t 
= -1.882 shows statistically there is no significant dif-
ference. Poova Ragavan, S. Ani Grace Kalaimathi, A.F. 
Annie Raja, and Anitha Babu (2019) found that bone 
mineral density was 1.92 with a standard deviation 
of 0.40 before the test and 1.63 with a standard devi-
ation of 0.52 after. The calculated paired ‘t’ value 
3.339 is statistically significant at the 0.05 level. Prior 
to the test, the mean bone mineral density in the con-
trol group was 1.88 with a standard deviation of 
0.35, while the mean result after the test was 2.23 
with a standard deviation of 0.54. The estimated 
paired value t = 2.948 was statistically significant at 
the p-value is 0.05 level. The experimental group’s 

post-test bone mineral density increased considera-
bly after receiving the nurse interventional pack-
age.18 

In pretest, the calculated independent ‘t’ test value of 
t = -1.213 shows statistically not significant, in post-
test the calculated independent ‘t’ test value of t = 
4.250 shows statistically highly significant. 

In a systematic review conducted by Shea B et al, it 
was concluded that there is a positive effect on bone 
mineral density with calcium supplementation and a 
reduction in the trend of vertebral fractures among 
post-menopausal women.19 

According to the findings of Hamid Arazi et.al. 
(2018), blood levels of 25OH-D and ALP significantly 
rose in the concurrent training-milk, concurrent 
training and milk groups, with a greater increase in 
the concurrent training-milk group (p –value is 
0.05). Furthermore, the right and left hip BMD rose 
significantly in the concurrent training-milk and con-
current training groups, with the concurrent train-
ing-milk group increasing significantly more (p –
value is 0.05). Contemporaneous training-milk and 
contemporaneous training also enhanced lumbar 
spine BMD substantially (p –value is 0.05).20 

 

STRENGTHS AND LIMITATIONS 

The sample size was smaller. This perspective does 
not intend to suggest what should or should not be 
done in the area, but rather to inspire further exami-
nation of the complexities, problems, and specific is-
sues that nutrition and bone health scientists en-
counter on a daily basis. Indeed, more debate and 
broader consensus among scientists are urgently re-
quired in this field to address inherent limitations 
and create stronger data to support dietary recom-
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mendations for optimal bone health across the life-
time. Primary prevention should begin in childhood 
and adolescence, and continue after menopause. Fur-
ther development of educational initiatives and be-
havioural change programmes aimed at raising oste-
oporosis knowledge and improving dietary nutrient 
intakes is therefore required to improve osteoporo-
sis prevention and management. 

 

CONCLUSION 

Nutritionally enriched supplements may be the best 
options for improving bone health since they reduce 
osteoclast activity while promoting osteoblast activi-
ty during bone formation. Ragi, wheat, flax, sesame 
seeds, and milk powder are all high in nutrients that 
have been demonstrated to increase bone mass den-
sity and reduce the risk of osteoporosis in adult 
women. Low calcium consumption has been associ-
ated with negative effects on bone mineral balance. 
Women in the experimental group got a nutritional 
intervention package that significantly increased 
their bone mineral density levels. However, risk can 
be lowered by leading a healthy lifestyle that in-
cludes enough quantities of dietary calcium, vitamin 
D, and protein, frequent weight-bearing activity, 
quitting smoking, and limiting alcohol use. 

 

ACKNOWLEDGEMENT 

The authors would like to thank women for support 
in carrying out this research. 

 

REFERENCES 

1. Fathima N, Tamil Selvi R, Beham MP. Assessment of BMD and 
Statistical Analysis for Osteoporosis Detection. Biomed 
Pharmacol J 2019;12(4): 1907-14. Doi: https://doi.org/ 
10.13005 /bpj/1822 

2. Haseltine KN, Chukir T, Smith PJ, Jacob JT, Bilezikian JP, 
Farooki A. Bone Mineral Density: Clinical Relevance and 
Quantitative Assessment. J Nucl Med. 2021 Apr;62(4):446-
454. 

3. Kim SK. Identification of 613 new loci associated with heel 
bone mineral density and a polygenic risk score for bone 
mineral density, osteoporosis and fracture. PLoS One 2018. 
13(7): e0200785. 

4. Sözen T, Özışık L, Başaran NÇ. An overview and management 
of osteoporosis. Eur J Rheumatol. 2017 Mar;4(1):46-56. 
Doi: https://doi.org/10.5152/eurjrheum.2016.048 PMid:282
93453 PMCid:PMC5335887 

5. Babhulkar S, Seth S. Prevalence of osteoporosis in India: an 
observation of 31238 adults. International Journal of Re-
search in Orthopaedic. 2021; 7(2):362-36.  

6. Khadilkar AV, Mandlik RM. Epidemiology and treatment of 
osteoporosis in women: an Indian perspective. Int J Womens 
Health. 2015 Oct 19;7:841-50. Doi: https://doi.org/10.2147/ 
IJWH.S54623 PMid:26527900 PMCid:PMC4621228 

7. Shen Y, Huang X, Wu J, Lin X, Zhou X, Zhu Z, Pan X, Xu J, Qiao J, 
Zhang T, Ye L, Jiang H, Ren Y, Shan PF. The Global Burden of 
Osteoporosis, Low Bone Mass, and Its Related Fracture in 
204 Countries and Territories, 1990-2019. Front Endocrinol 
(Lausanne). 2022 May 20;13:882241. 

8. Bass MA, Sharma A, Nahar VK, Chelf S, Zeller B, Pham L, Alli-
son Ford M. Bone Mineral Density Among Men and Women 
Aged 35 to 50 Years. J Am Osteopath Assoc. 2019 Jun 
1;119(6):357-363. Doi: https://doi.org/10.7556/jaoa.2019. 
064  PMid:31135863 

9. Roohani I, Cheong S, Wang A. How to build a bone? - Hydrox-
yapatite or Posner's clusters as bone minerals. Open ceram-
ics. 2021;6:100092. 

10. Feng X. Chemical and Biochemical Basis of Cell-Bone Matrix 
Interaction in Health and Disease. Curr Chem Biol. 2009 May 
1;3(2):189-196. 

11. Robert P. Heaney. Principles of Bone Biology. Chapter 79 - 
Calcium. Third Edition. Vol-II: 2008. 

12. Sunyecz JA. The use of calcium and vitamin D in the man-
agement of osteoporosis. Ther Clin Risk Manag. 2008 
Aug;4(4):827-36. Doi: https://doi.org/10.2147/TCRM.S3552 
PMid:19209265 PMCid:PMC2621390 

13. Harinarayan CV, Akhila H. Modern India and the Tale of Twin 
Nutrient Deficiency-Calcium and Vitamin D-Nutrition Trend 
Data 50 Years-Retrospect, Introspect, and Prospect. Front 
Endocrinol (Lausanne). 2019 Aug 9;10:493. 
Doi: https://doi.org/10.3389/fendo.2019.00493 PMid:3144
7775 PMCid:PMC6696513 

14. Balk EM, Adam GP, Langberg VN, Earley A, Clark P, Ebeling 
PR, Mithal A, Rizzoli R, Zerbini CAF, Pierroz DD, Dawson-
Hughes B; International Osteoporosis Foundation Calcium 
Steering Committee. Global dietary calcium intake among 
adults: a systematic review. Osteoporos Int. 2017 
Dec;28(12):3315-3324. 

15. Quattrini S, Pampaloni B, Gronchi G, Giusti F, Brandi ML. The 
Mediterranean Diet in Osteoporosis Prevention: An Insight in 
a Peri- and Post-Menopausal Population. Nutrients. 2021 Feb 
6;13(2):531. 

16. Prins SH, Jørgensen HL, Jørgensen LV, Hassager C. The role of 
quantitative ultrasound in the assessment of bone: a review. 
Clin Physiol. 1998 Jan;18(1):3-17. 

17. Akil S, Al-Mohammed H, Al-Batati N, Tirsen M, Al-Otaibi A, 
AlZahrani A, Bakhder D, AlSubaie R, AbuAlsaud S. Quantita-
tive ultrasound assessment of the effect of parity on bone 
mineral density in females. BMC Womens Health. 2021 Oct 
30;21(1):380. Doi: https://doi.org/10.1186/s12905-021-
01516-w PMid:34717605 PMCid:PMC8557593 

18. Ragavan P, Grace Kalaimathi SA, Annie Raja AF, Babu A. Ef-
fectiveness of Nursing Intervention Package on Improving 
Bone Health among Post-Menopausal Women Residing In 
Rural Villages of Tiruvannamalai District, Tamilnadu Pilot 
Study Report. JMSCR 2019; 7(11): 932-935. Doi: 
https://doi.org/10.18535/jmscr/v7i11.162 

19. Shea B, Wells G, Cranney A, Zytaruk N, Robinson V, Griffith L, 
Hamel C, Ortiz Z, Peterson J, Adachi J, Tugwell P, Guyatt G; Os-
teoporosis Methodology Group; Osteoporosis Research Advi-
sory Group. Calcium supplementation on bone loss in post-
menopausal women. Cochrane Database Syst Rev. 
2004;(1):CD004526. Update in: Cochrane Database Syst Rev. 
2007 Jul 18;(1):CD004526. doi: 10.1002/14651858.CD0045 
26.pub3. PMID: 14974070. 

20. Arazi H, Samadpour M, Eghbali E. The effects of concurrent 
training (aerobic-resistance) and milk consumption on some 
markers of bone mineral density in women with osteoporo-
sis. BMC Womens Health. 2018 Dec 17;18(1):202. 

 


