BONE MINERAL HEALTH OF WOMEN AND
IMPACT OF INTERVENTION STRATEGIES

By

D.Radhapriya

SUPERVISOR
Dr.U.K.Lakshmi

A Thesis Submitted to the

Avinashilingam Institute for Home Science and
Higher Education for Women
Coimbatore — 641 043

In partial fulfilment of the requirements for the degree of

DOCTOR OF PHILOSOPHY
IN
FOOD SCIENCE AND NUTRITION

SEPTEMBER 2015



CERTIFICATE

This is to certify that the thesis entitled “Bone Mineral
Health of Women and Impact of Intervention Strategies”
submitted to Avinashilingam Institute for Home Science and Higher
Education for Women, Coimbatore — 641 043, in partial fulfilment
of the requirements for the award of the Degree of Doctor of
Philosophy in Food Science and Nutrition is a record of original
research work done by D.Radhapriya, during the period of her
study in the Department of Food Science and Nutrition,
Avinashilingam Institute for Home Science and Higher Education
for Women, Coimbatore — 641 043, under my supervision and
guidance and has not formed the basis for the award of any
Degree / Diploma / Associateship / Fellowship or similar title to any

candidature of any other university.

£ \A;_ < oy
LM_&? ; > M- Mﬁ%’: M . Rrii«m, | '.::%—?’;
SIGNATUR SIGNATURE fov SIGNATURE "

OF THE GUIDE OF THE HEAD OF THE DEAN



R S AR .

DECLARATION

| hereby declare that the thesis entitied “Bone Mineral
Health of Women and Impact of Intervention Strategies”
submitted to the Avinashilingam Institute for Home Science and
Higher Education for Women, in partial fulfiment of the
requirements for the award of the Dégree of Doctor of
Philosophy in Food Science and Nutrition is a record of
original research work done by me under the supervision and
guidance of Dr.(Tmt.) U.K.Lakshmi, M.Sc., Dip.Ed. (Madras),
M Phil., Ph.D. (Avinashilingam), Former Dean, Faculty of Home
Science and Head of the Department, Department of Food
Science and Nutrition, Avinashilingam Institute for Home Science
and Higher Education for Women, Coimbatore — 641 043 and thaf
it has not formed the basis for the award of any Degree / Diploma/
Associateship / Fellowship or similar title to any candidature of

any other university.

.-
D Radbaprys L@%
SIGNATURE SIGNATURE

OF THE CANDIDATE OF THE GUIDE



Acknowledgement

The investigator exalts GOD ALMIGHTY for being the First and Foremost,

and enabling to undertake and complete the study successfully.

The investigator pays her reverential homage to Late Dr.T.S.Avinashilingam,
Founder and First Chancellor, Avinashilingam Institute for Home Science and
Higher Education for Women, Coimbatore, for providing this temple of learning for

women.

Reverential homage is paid to the Doyen of Nutrition and Hon.Colonel
Dr.(Tmt.) Rajammal P. Devadas, M.A., M.Sc., Ph.D. (Ohio State), D.Sc. (Madras),
Hon. D.H.L. (Oregon State), Hon. D.H.L. (Ohio State), Hon. D.Sc. (Azad Agri.
University, Kanpur), Hon. D.Sc. (University of Ulster, Northern Ireland), Former
Chancellor, Avinashilingam Institute for Home Science and Higher Education for

Women, Coimbatore, for being a perennial source of inspiration.

The investigator  expresses her most sincere  gratitude to
Sri T.S.K.Meenakshisundaram, M.A., M.Phil., Ph.D (Honoris caussa) Chancellor,
Avinashilingam Institute for Home Science and Higher Education for Women,
Coimbatore for providing this valuable opportunity and permission granted to

undertake the research work.

The investigator owes her deep sense of gratitude to Hon. Col. Dr. (Mrs).
Sheela Ramachandran, M.Sc., PG Dip., Ph.D., Former Vice Chancellor,
Avinashilingam Institute for Home Science and Higher Education for Women,
Coimbatore for providing all the infrastructural facilities and extraordinary support

in conducting the research work.

The investigator is grateful to Dr. (Mrs). Premavathy Vijayan, M.Sc., M.Ed.,
Dip.Spl. Edn., M.Phil., Ph.D. Vice Chancellor i/c, Avinashilingam Institute for
Home Science and Higher Education for Women, Coimbatore for providing all the

infrastructural facilities and extraordinary support in conducting the research work.



The investigator expresses her gratitude to Dr.(Tmt.) Gowri Ramakrishnan,
M.Sc. (Madras), M.Phil., Ph.D. (Avinashilingam), Former Registrar and Dr.(Tmt.)
A. Venmathi. M.Sc., Dip.Ed., M.Phil., Ph.D., Registrar i/c, Avinashilingam
Institute for Home Science and Higher Education for Women, Coimbatore, for

providing the amenities for carrying out the study successfully.

The investigator submits her sincere thanks to Dr. (Tmt.) N. Vasugi Raja
M.Sc., M.Phil., Ph.D. (Madras), Dean, Faculty of Home Science and Professor and
Head Department of Textiles and Clothing, Avinashilingam Institute for Home
Science and Higher Education for Women, Coimbatore, for the help and amenities

provided for the completion of the research programme.

The investigator feels extremely privileged to have worked under the honored
supervision and esteemed guidance of Dr.(Tmt.)U.K.Lakshmi, M.Sc., Dip.Ed.,
M.Phil.(Madras), Ph.D. (Avinashilingam), Former Dean, Faculty of Home Science,
Head and Professor, Department of Food Science and Nutrition, Avinashilingam
Institute for Home Science and Higher Education for Women, Coimbatore, for her
inspiring suggestions, excellent guidelines, enduring support, tireless effort,
unsurpassed help, meticulous care and motivation right from the selection of the

topic till the completion of the research work.

The investigator owes her heartfelt thanks and deep sense of gratitude to
Dr.(Tmt.) Amirthaveni, M.Sc., Dip.Ed., M.Phil., Ph.D. Professor and Head,
Department of Food Science and Nutrition, Avinashilingam Institute for Home
Science and Higher Education for Women, Coimbatore, for her encouragement,
valuable suggestions and motivation throughout the completion of the research

work.

The investigator expresses her heartfelt thanks and deep sense of gratitude to
Dr. (Tmt) S. Premakumari, M.Sc., Dip.Ed., M.Phil., Ph.D. (Madras), Dean,
Faculty of Community Education and Enterpreneurship Development,
Avinashilingam Institute for Home Science and Higher Education for Women,
Coimbatore, for her concern, encouragement, valuable suggestions and motivation

rendered during the research work.



The investigator thankfully acknowledge Tmt.S.Radha Devi, M.Sc., M.Phil.,
(Madras), Associate Professor of statistics, Department of Food Science and
Nutrition, Avinashilingam Institute for Home Science and Higher Education for
Women, Coimbatore,, for her encouragement valuable suggestions and help

rendered for the statistical analysis.

The investigator extend her sincere thanks to all the Staff Members of the
Department of Food Science and Nutrition, Avinashilingam Institute for Home
Science and Higher Education for Women, Coimbatore, for their valuable

suggestions and moral support rendered throughout the study.

The investigator owes her heartfelt and special thanks to
Dr.(Tmt.).K.Vasantha, M.Sc.(Madras), Dip.F.Sc., M.Phil.(Bharathiar), Ph.D.
(Avinashilingam), Associate Professor and Staff members and non teaching staff,
Department of Lifelong Learning and Extension, Avinashilingam Institute for Home
Science and Higher Education for Women, for their enthusiasm, cooperation,
inspiration and immense help in the successful completion of the research work.

The investigator offers her deep reverence and gratitude to her Beloved family
members and friends who have been an impelling force behind her efforts and
whose boundless compassion induced her to attempt at this work and without whom

the study would not have seen the light of the day.

The investigator expresses her special thanks to Dr.J.G.Shanmuganathan,
(Ganga Hospital), Dr.S.Rajasekaran (Ganga Hospital), Dr.S.Karthick (Global
Ortho and Trauma Care Hospital), Dr.Vijayakumar (Ashwin Hospital),
Dr.Velusamy Raveendran (Coimbatore Bone and Joint Hospital),
Mr.R.Manikandan (KMCH Hospital), Mr.C.Selvakumar (Pharmed Medical
Services) and other medical team for their help and cooperation extended for the

successful conduct of the research work.

The investigator owes her heartfelt and special thanks to all the participants
whose participation and cooperation was the highlight in the successful completion
of the research work.



CONTENTS

o T
LIST OF TABLES
LIST OF FIGURES
LIST OF PLATES
LIST OF APPENDICES
I INTRODUCTION 1
Il REVIEW OF LITERATURE 11
A. Low Bone Mass Density — The Global Burden 11
B. Women and Bone Health Issues 23
C. Strategies to Enhance Bone Mineral Density 28
D. Studies Related to Bone Health 37
0 METHODOLOGY 40
PHASE |
A. Selection of Area, Sample and Conduct of Survey 41
B. Formulation of Interview Schedule 43
C. Conduct of Survey and Collection of Information on Socio- 44
Economic, Dietary and Other Background Details
PHASE I
A. Anthropometric Measurements 45
B. Bone Mineral Density Measurement 50
C. Clinical Examination and Biophysical Assessment 50
D. Biochemical Assessment 53
E. Dietary Assessment 56
PHASE IlI
A. Selection of the Ingredients 57
B. Formulation of the Supplements 65
C. Nutrient Analysis of the Supplements 68
D. Microbial Testing and Cost Computation of the Supplements 68




PUBLICATIONS

o T
E. Approval for the Research Design and Supplementation Study 69
F. Selection of Women for Supplementation Study 70
G. Conduct of Supplementation Study 70
H. Evaluation of the Impact of Supplementation 71
PHASE IV
A. Selection of Women for Nutrition Education 72
B. Development of Nutrition Education Materials 72
C. Conduct of Nutrition Education and Lifestyle Management 74
Programme
D. Demonstration and Training on Preparation of Mixes and Recipes 77
Using Nutri Mixes
E. Evaluation of the Impact of Nutrition Education 81
PHASE V
Analysis of Data 81
v RESULTS AND DISCUSSIONS 86
A. Socio-Economic Profile, Food Consumption Pattern, Life Style and 87
Other Background Details of the Selected Women
B. Nutritional, Health Status and Bone Health Profile of the Selected 106
Women
C. Formulation and Testing of the Supplements 125
D. Impact of the Supplementation Study 132
E. Impact of Nutrition Education 149
\% SUMMARY AND CONCLUSION 151
BIBLIOGRAPHY 165
APPENDICES 197




LIST OF TABLES

e i

Composition of ingredients for nutri mix variations 66

Il Details of the presentation of the research design of the study 69
0 Age of the selected women 87
v Educational status of the selected women 88
\ Occupation of the selected women 89
\ Marital status and type of families of the selected women 90
il Monthly income of the families of the selected women 91
VI Monthly expenditure pattern among families of the selected women 92
IX Diet pattern of the selected women 93
X Foods avoided by the selected women 95
Xl Consumption of calcium rich foods by the selected women 96
Xl Consumption of vitamin D rich foods by the selected women 97
Xl Consumption of fast foods by the selected women 98
XIvV Consumption of nutrient / food supplement by the selected women 99
XV Consumption of beverages by the selected women 100




e s
XVI Chewing habits of the selected women 101
XVII Exercise, yoga and meditation practices of the selected women 102
XVII Sleep pattern of the selected women 104
XIX Details on stress among the selected women 104
XX Leisure time activities of the selected women 105
XXI Height of the selected women 106
XXII Weight of the selected women 107
XXI Body Mass Index (BMI) of the selected women 108
XXIV Waist to hip ratio of the selected women 110
XXV Bone mineral density of the selected women 111
XXVI Clinical problems of the selected women 112
XXVII Classification of selected women based on JNC (2004) 113

hypertension guidelines
XXVIIl  Blood haemoglobin levels of the selected women 114
XXIX Serum calcium levels of the selected women 115
XXX Mean food intake of the selected women 117
XXXI Mean nutrient intake of the selected women 119
XXXII Age at menarche and menopause of the selected women 120




TABLE PAGE
NO. TITLE NO.
XXX Age of marriage and pregnancy details of the selected women 122
XXXIV Health problems during menstrual periods among the selected 123
women
XXXV Problems of menopause among the selected women 124
XXXVI Mean acceptability scores obtained by the developed nutri mixes 125
XXXVII Proximate principles of the nutri mixes 127
XXXVIII  Mineral content of the nutri mixes 128
XXXIX Vitamin content of the nutri mixes 129
XL Microbial testing of the selected nutri mixes 130
XLI Cost of the nutri mixes 131
XLII Mean body weight of the selected women before and after 132
supplementation
XLII Mean bone mineral density of the selected women before and after 133
supplementation
XLIV Mean haemoglobin levels of the selected women before and after 135
supplementation
XLV Mean serum calcium and phosphorus levels of the selected women 136
before and after supplementation
XLVI Mean fasting and post prandial blood glucose levels of the selected 139

women before and after supplementation




TABLE

PAGE

NO. TITLE NO.

XLVII Mean total cholesterol levels of the selected women before and 141
after supplementation

XLV Correlation between serum calcium and selected parameters 143

XLIX Correlation between BMD and other parameters 146

L Mean KAP scores of the selected women before and after nutrition 149

education




LIST OF FIGURES

1 Map of the selected areas of Coimbatore for the study 42

2 Steps involved in nutri mix preparation 67

3 Research design 82

4 Height of the selected women 106

5 Weight of the selected women 107

6 Body Mass Index (BMI) of the selected women 109

7 Waist to hip ratio of the selected women 110

8 Bone mineral density of the selected women 111

9 Anaemia prevalence among the selected women 115

10 Serum calcium levels of the selected women 116

11 Excess or deficit percentage of food intake 117

12 Excess or deficit percentage of nutrient intake 119

13 Mean acceptability scores of the developed nutri mixes 126

14 Mean body weight of the selected women before and after 132
supplementation

15 Mean bone mineral density of the selected women before and after 134
supplementation

16 Mean Haemoglobin levels of the selected women before and after 135
supplementation

17 Mean serum calcium levels of the selected women before and after 137
supplementation

18 Mean serum phosphorus levels of the selected women before and 138
after supplementation

19 Mean fasting blood glucose levels of the selected women before 139

and after supplementation




FIGURE PAGE
NO. TITLE NO.

20 Mean post prandial blood glucose levels of the selected women 140
before and after supplementation

21 Mean total cholesterol levels of the selected women before and 142
after supplementation

22 Correlation between serum calcium and selected parameters of 144
Experimental Group G1

23 Correlation between serum calcium and selected parameters of 145
Experimental Group G2

24 Correlation between BMD and selected parameters of Experimental 147
Group G1

25 Correlation between BMD and selected parameters of Experimental 148
Group G2

26 Mean KAP scores of the selected women before and after nutrition 149

education




LIST OF PLATES

ok o
1 Collection of background information 45
2 Measurement of height 49
3 Measurement of weight 49
4 Measurement of waist circumference 49
5 Measurement of hip circumference 49
6 Measurement of Bone Mineral Density (BMD) by ultra sound 51

method

Clinical examination of women 51
8 Measurement of blood pressure 53
9 Blood collection for biochemical estimations 56
10 Dietary assessment 57
11 Ingredients for basic mix 65
12 Distribution of the supplement to the selected women 71
13 Nutrition education materials 73
14 Conduct of nutrition education 75
15 Lifestyle management sessions for women 76
16 Recipes developed with nutri mixes 78
17 Steps involved in cookie preparation 80




LIST OF APPENDICES

APIT\%\?DIX TITLE PﬁgE
I Interview schedule 197
I Bone densitometry procedure 204
1] Scorecard for sensory evaluation 207
\Y Details of the presentation of the research design of the study 209
Vv Questionnaire to elicit nutrition knowledge, attitude and practice 218

(KAP)




	CERTIFICATE AND DECLARATION.pdf
	ACKNOWLEDGEMENT.pdf
	Content.pdf



