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ABSTRACT

Osteoporosis is a multi-factorial disorder in which nutrition and lifestyle play an
important role. There were two main reasons for doing this study. The purpose of the
first part of the study was to determine the prevalence of nutritional and lifestyle factors
related to bone health in a group of senior citizens from the Manawatu who were over
the age of 70 years. This was followed by an intervention trial in which the purpose was
to assess the impact of a single serve of a high-calcium milk on bone resorption using

two ingestion strategies.

Calcium, magnesium and zinc intakes were below currently recommended levels in
many of the study participants. Some of the participants and particularly those in rest
homes received very little sunlight exposure and low dietary vitamin D. Participants
spent an average of around 3.5 hours/day in physical activity. Weight-bearing activities
such as walking, gardening and certain sports were common in this group.
Institutionalised women were most compromised by nutrition and lifestyle. Dietary

supplementation may therefore benefit many in this group.

Of the 52 participants in the diet and lifestyle study, a group of 28 women and 14 men
volunteered to take part in an intervention trial, which was approved by the Massey
University Human Ethics Committee. The mean calcium intake of trial participants was
only 70% of the current US recommended adequate intake (AI). Each person consumed
a supplementary serve of 250mls of high calcium milk (640mg Ca), every evening for
two weeks. Half consumed a whole dose one hour before bedtime (single serve group),
whilst the rest consumed the milk in three divided doses of 80mls every hour before
bedtime (divided dose group). Free deoxypyridinoline (Dpd), a biochemical marker of
bone resorption, was measured in urine that was collected overnight on two consecutive
days before and after two weeks of milk intervention. In the single serve group Dpd
was 4.15 * 1.99 at the start and 3.94 * 2.15 mmol/mmol creatinine after two weeks
(NS). In the divided dose group Dpd was 4.25 + 2.21 at the start and 4.79 + 2.27
mmol/mmol creatinine after two weeks (NS). In conclusion, a supplementary serve of
milk in this group of elderly people did not produce significant changes in urinary Dpd,

whether the milk was consumed as the whole amount or in divided doses.

ii



ACKNOWLEDGEMENTS

Throughout my thesis year I have been fortunate to have had a strong support system.
Firstly, I would like to thank my supervisor, Dr Hilary Green, for her invaluable
guidance and encouragement. I would also like to acknowledge the input of Jillian
Richards, Richard Bunning and Dr Phil Pearce who assisted with the practical aspects

of the trial.

I express my sincere gratitude to the NZ Dairy Board who funded this project and the
Health Research Council who funded the preliminary study of my thesis. I also wish to
express my appreciation to both the Milk and Health and Research Centre and Massey

University from whom I received Masterate scholarships.

I would also like to thank the study participants without whom this thesis project would
not have been possible. The warmth with which they invited Jillian Richards and myself

into their homes and their earnest dedication to the trial was greatly appreciated.
Finally I would like to affectionately thank my fiancé, André, and my family, whose

love, encouragement and support carried me through the most challenging times of my

postgraduate years.

il



TABLE OF CONTENTS

ABSTRACT ii
ACKNOWLEDGEMENTS iii
LIST OF FIGURES vii
LIST OF TABLES viii
LIST OF ABBREVIATIONS ix
1. LITERATURE REVIEW 1
1.1 OSTEOPOROSIS 1
Ll NGima] Bone Rt nd el i . 8.5 Sl i S ot e SO S T T v e s e B i 1
1.1.2 Definitichand Pathophysiol0gy ol OStEOPUTOSIE oecems vumanssermimimes smensorsssevasrsssssyss provsmssars sassssesns 2
113 Epideniclogy it EeOROTTIC IBUETEN . commmmsmmsnomssnssssimssessisns s sns s s o T s s s 3
1.1.4 Aetiology... o8, e o)
1.1.4.1 Age, Sex a.nd Menupauqal Slalus .......................................................................................... 3

I ] )y ot A o B I T T, e 4
T e T e L o R T T e 6

1.1:4.5 DiEtArY FACLOTS .....eevveeesarsancsserssmsesssssssarssnsesssnssssssmnssnesssntasessanssnesssassessessnnesansssnsssanesassesnnssnassns
L1, ] R CTUIM  IIEAKE .. conerssnsssmssnsnssssmsssmesnnessynnsosessinsnsssnssagenass sass sers ponsasaansnonis snmspanssnntnsmsnsmssssss
L1452 VitaminDSIatus . mmstaiunsrs s i i s s per s e s e e
1.1.2:5.3 Magnestunu ant ZiNG: . iseussrimssssmiciomisn siasiviss trrimisssrsssssss s ada o sino s ins s i no s s s s

1.1.4.5.4 Retinol ..

1.1.4.5.5 General Dlelary Patlcrns
1.1.4.6 Cigarette Smuktn},, Alcohol Abu%t. and Caffum. Intdke
1.1.4.7 Summary ...

1.2 CALCIUM

................... 8

.10

el
vl

12
w12

13

1.2.1 Calcium’s Role in Bone Physiology

13

1.2.2 The Calcium Requirement

13

1.2.3 Calcium Supplementation and BMD/ Fracture Incidence

15

1.2.4 Milk and Bone Health

18

1.2.5. Calcium Absorption

19

1.2.5.1. Physiology of Calcium Absorption and the Role of Vitamin D

19

1.2.5.2 Dividing the Supplementary Dose

20

1.2.5.3 Evening Supplementation

21

1.2.5.4 Nutritional Factors Which Affect Calcium Absorption and Excretion
1.2.5.4.1 Milk Oligosaccharides

22

22

1.2.5.4.2 Sodium Intake

22

1.2.5.4.3 Protein Intake

22

1.2.6 Summary

23

1.3 DIETARY INTAKE OF THE ELDERLY

24

1.3.1 Special Dietary Needs of the Elderly Concerning Bone Health

24

1.3.1.1 Energy Intake

24

1.3.1.2 Calcium

24

1.3.1.3 Vitamin D

24

1.3.1.4 Other Factors which affect Nutrient Intake in the elderly

25

1.3.2 Habitual Dietary Intake of Elderly New Zealanders

26

v



1.3.2.1 Habitual Intake of Calcium 26
1.3.2.2. Habitual Intake of Other Nutrients Important in Bone Health 28
1.3.3 Summary 29
1.4 PHYSICAL ACTIVITY IN THE ELDERLY 31
1.4.1 Benefits of Physical Activity in the Elderly 31
1.4.2 Habitual Physical Activity of New Zealand Elderly 31
1.4.3 Summary 33
1.5 BIOCHEMICAL MARKERS IN THE ASSESSMENT OF BONE TURNOVER 34
1.5.1 Introduction to Biochemical Markers of Bone Resorption 34
1.5.2 Pyridinium Cross-links 36
1.5.2.1 Biochemical Background of Pyridinium Cross-links 36
1.5.2.2 Pyridinium Cross-links as Bone Markers 37
1.5.2.3 Relationship of Pyridinium Cross-links to Age, Gender, Menopausal Status and in
Osteoporosis 38
1:5.3 Biochemical Markers in Calcium Supplementation Trials 39
1.5.3 Summary 42
2. STUDY TO EVALUATE DIETARY AND LIFESTYLE FACTORS IN A
GROUP OF ELDERLY 43
2.1 INTRODUCTION 43
2.2 METHODS 43
2210 Recruitment/ Anthropometric Measurements 43
22001 Participant Recruitment 43
2212 Introduction to /Explanation of Study 44
2213 Anthropometric Measures ek
2.2.2 Dietary Assessment Methods 45
223 Assessment of Physical Activity and Lifestyle 45
23 RESULTS 46
23,1 Recruitment/ Anthropometric Measurements 46
23.2 Dietary Assessment 48
2.32.1 Energy and Metabolic Measurements 48
2322 Dietary Intake 49
2.3.2.2.1 Nutrients Related to Bone Health 49
2.3.2.2.2 Solar and Dietary Sources of Vitamin D 52
233 Physical Activity Patterns 54
24 DISCUSSION 25
24.1 Recruitment/Anthropometric Measurements 25
24.11 Recruitment of Participants 55
2412 Anthropometric Measurements 56
24.2 Dietary Assessment 57
2421 Energy and Metabolic Measurements 57
2422 Dietary Intake 58
2.4.22.1 Nutrients Related to Bone Health 58
2.4.2.2.2 Solar and Dietary Sources of Vitamin D 60
243 Physical Activity and Lifestyle Patterns 60
2.5 Conclusions/Summary 63




3. THE EFFECT OF MILK ON BONE RESORPTION USING TWO

INGESTION STRATEGIES 64
3l INTRODUCTION 64
3.2 INTERVENTION TRIAL METHODS 64
322 Milk composition 64
323 Drinking schedule 65
324 Collection and Storage 65
325 Deoxypyridinoline Analysis 66
3.2.6  Calcium Analysis 66
327 Creatinine Analysis 67
3.2.8 Data Analysis 67
33 RESULTS OF THE INTERVENTION TRIAL 67
3.3.1 Anthropometric, Nutritional and Lifestyle Measurements of Intervention Trial Participants 67
3.3.2  Compliance 69
3.3.3 Dpd Analysis 70
334 Urinary Calcium Analysis 71
3.3.5 Creatinine Analysis 72
34 DISCUSSION 72
34.1 Anthropometric, Nutritional and Physical Activity Data for Trial Groups 72
342  Compliance 72
343 Discussion of DPD Data 73
343 Discussion of Calcium Data 75
344 Creatinine Data 75
3.5 Conclusions/Summary 75
CHAPTER 4: CONCLUSIONS AND FUTURE WORK 77
4.1 DIETARY AND LIFESTLYE PATTERNS RELATED TO BONE HEALTH 77

4.2 EFFECT OF MILK ON BONE RESORPTION USING TWO INGESTION STRATEGIES__ 78

REFERENCES 79

APPENDIX I: The Zutphen Modified Physical Activity
Questionnaire 102

APPENDIX II: Diet and Lifestyle Factors which Contribute to Bone Health___ 105

APPENDIX III: Consent Form 107

vi



FIGURE
1l

1.2

1.3

v |
2.2
23
2.4
2.5
2.6
2.7
2.8
2.9
2.10
3.1
3.2
33
3.4

3.

LIST OF FIGURES

TITLE
The Bone Remodelling Cycle

The Effect of Calcium Load on Absorption Fraction

Diagram of Collagen showing the pyridinium crosslinks
between adjacent collagen fibres.

Energy Intake/BMR for Women Participants

Energy Intake/BMR for Men Participants
Micronutrient Intakes of Men and Women Participants
Calcium Intakes of All Participants

Protein Intake of All Participants

The Effect of Age on Protein Intake of Women

Daily Sunlight Exposure for All Participants

Vitamin D Intake of All Participants

Time Spent in the Three Intensities of Physical Activity
Time Spent in Various Physical Activities

Drinking Schedule for Two Week Intervention

Dpd Data for Trial Groups

The Effect of Age on Baseline Dpd:Crn

Calcium Data For Trial Groups

Creatinine Excretion Rate for Each of the Four Collections

vii

PAGE

36

49
49
50
52
53
53
54
55
54
55
65
70
71
71

2



LIST OF TABLES

TABLE TITLE PAGE
11 Calcium Supplementation and BMD/Fracture Incidence 17
1.2 Calcium supplementation Trials using Vitamin D 18
1.3 Studies Measuring the Calcium Intake of Elderly New 27
Zealanders’ in the Last 10 years
1.4 Calcium Supplementation and Biochemical Markers 40
21 Recruited Participants 46
2.2 Anthropometric Measurements of All Study Participants 47
23 Anthropometric Measurements of Women Participants 47

According to Living Situation

24 Energy and Metabolic Measurements for all Participants 48

3.1 Micronutrient Composition of Milk Supplement (mg/50g of 64
milk powder or 250mls of made up milk)

32 Concentration of Reactants in Reagents 66

3.3 Anthropometric Measurements for Single and Divided Dose 68
Groups

34 Energy and Metabolic Measurements for Single and Divided 68

Dose Groups
Nutritional and Lifestyle Measurements for Single and Divided
3.5 Dose Groups 69

3.6 Participant Compliance to Drinking Schedule 69

viil



ADI
Al

AM
B-ALP
BMD
B-SP
Ca**or Ca
Clx

d

Dpd
EAR
FFQ

HRT
HYP
IU

MoH
MP
mths
NIH
NM
NTx
Ocn
PM
PostM
PreM
Pyd

RDA

LIST OF ABBREVIATIONS

Average daily intake
Adequate intake

Morning

Bone Alkaline Phosphatase
Bone mineral density

Bone sialoprotein

Calcium

C-telopeptide

Day

Deoxypyridinoline

Estimated average requirement
Food frequency questionnaire
Hour

Hormone Replacement Therapy
Hydroxyproline

International units

Men

Ministry of Health
Menopausal

Months

National Institute of Health
Not mentioned

N-telopeptide

Osteocalcin

Evening

Postmenopausal
Premenopausal

Pyridinoline

Range

Recommended daily allowance

ix



s.d.
Pl |
UK
Us
VitD

Wks

yIs

Standard deviation
Total intake
United Kingdom
United States
Vitamin D
Women

Weeks

Young

Years



