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We investigated the relationship between calcium and protein intake and

bone loss over a one-year period in 99 early postinenopausal women (1-36 months)

aged 51.3 ± 0.31 years. Bone mineral density (g/cm2) of the left hip (total hip,

femoral neck, greater trochanter) and lumbar spine (L1-L4) as well as body

composition were assessed using dual energy x-ray absorptiometry. Dietary intake

of calcium and protein was assessed using a 100-item Block Food Frequency

Questionnaire. A physical activity questionnaire was also completed by the

subjects to estimate energy expenditure. Paired t-tests revealed that there were no

significant differences between baseline and month 12 physical characteristics

except for percent fat which increased from 31.99 ± 0.60% to 32.44 ± 0.61%

(p=.0O9). At month 12, bone mineral density decreased significantly at the femoral

neck (-0.97 ± 0.3 1%) and total hip (-0.55 ± 0.24%). The average calcium, protein

and calcium to protein ratio intake for the group was 1129.88 ± 46.22mg/day, 57.88

± 1.93g/day and 20.10 ± 0.71m/g, respectIvely. Partial correlation analyses
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showed no significant relationships between change in bone mineral density and

average intakes for calcium, protein, or the calcium to protein ratio. After adjusting

for hormone replacement status, lean body mass and months post menopause,

analysis of covariance revealed that there were no significant differences between

groups when intakes of calcium, protein and the calcium to protein ratio were

separated into "above recommended" and "below recommended" categories (above

or below 1000/1500mg/day, 50g/day, 20:lmg/g/day, respectively). Our results

suggest that consuming adequate amounts of calcium and protein does not appear

to significantly slow bone loss after 12 months in early postmenopausal women.
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THE RELATIONSHIP BETWEEN CALCIUM, PROTEIN, AND BONE
LOSS IN EARLY POSTMENOPAUSAL WOMEN

CHAPTER 1: INTRODUCTION

BACKGROUND

Osteoporosis is a skeletal disease that is characterized by decreased bone

mineral density and decreased bone quality that puts an individual at a significant

risk for fracture Bone mineral density (g/cm2) is determined both by an

individual's peak bone mass attained early in life and her/his rate of bone loss later

in life. Bone quality represents the microarchitecture of bone as well as the

turnover, damage accumulation, and mineralization of the bone 1

The prevention or delay of osteoporosis is important because of the

financial, physical, and psychosocial consequences it has on the individual, her/his

family, and society. There are an estimated 1.5 million fractures related to

osteoporosis that occur annually in the United States, at a combined cost of over 10

billion dollars per year 2, 3 Many of these individuals can no longer live

independently following a fracture. Nearly one-third of the patients who suffer a

hip fracture will enter a nursing home 1 This puts stress on their families and often

results in a significant decrease in the individual's quality of life

Until menopause, men and women lose bone at a similar rate. However,

once women reach menopause there is a rapid decline in circulating estradiol. This
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contributes significantly to the risk for developing osteoporosis because estrogen is

known to exert protective actions on bone 4, 5. Also, postmenopausal women are

part of the fastest growing section of the population. This can increase the societal

burden of osteoporosis dramatically 3. For these reasons, it is crucial to examine

potential ways in which primary osteoporosis in women can be prevented.

Nutrition is known to play an important role in protecting against

osteoporosis, as it acts directly in both the development and maintenance of bone

mass 2, 3, 6 Without adequate amounts of certain nutrients such as protein and

vitamin D, bony abnormalities will develop 4. Additionally, bulk materials

obtained through the diet, mainly calcium, phosphorus, and protein are needed for

synthesis of the extracellular material responsible for the structural and mechanical

properties of bone 6 Therefore, it becomes apparent that bone cannot develop

optimally if the diet is lacking in these bulk materials.

Once growth has ceased, the need for a mineral-rich diet is still crucial for

bone maintenance 2, 3, 6 The reason for this is twofold. First, calcium is not stored

directly in the body, and second, it is lost daily from the body in a considerable

quantity 6, 7. Dietary calcium is stored in the body as bone. In fact, the average

adult body contains approximately 1,000 to 1,200g of calcium, of which 99% is

stored in the skeleton 2, 4, S Since calcium cannot be stored directly, it is thought

of as a threshold nutrient. This means that above this threshold, further increases in

calcium intake produce no appreciable increases in bone retention



Adults today lose approximately 160 to 320mg of calcium per day through

shed skin, hair, nails, sweat, urine, and digestive secretions 6 When calcium intake

fails to equal calcium loss, blood calcium levels fall, which leads to increased

secretion of parathyroid hormone, and ultimately leads to bone resorption 6 For

these reasons, an adequate dietary intake of calcium is crucial to bone health.

The recommended dietary intake of calcium for adult women aged 50-59

years is 1200mg/day 9. However, many researchers feel that a distinction should

be made between postmenopausal women on hormone replacement therapy (HRT)

and those not on HRT 2, 3 The loss of estrogen that occurs with menopause is

thought to not only directly affect bone turnover through its action on bone cells,

but also indirectly by decreasing calcium absorption 5. Therefore, a higher

recommendation should be made for women not taking HRT arid thus not

benefiting from the protective actions of estrogen 2, 3, 5 The recommendation for

postmenopausal women on HRT is 1000mg/day of calcium whereas women not on

HRT may need to consume up to 1500mg/day 2, 3. However, in American diets,

calcium intake tends to decline with age and is therefore usually consumed in

quantities well below this recommendation 2, 4 The average intake for adult

women aged 50-59 years in the U.S. is only 617mg/day 10 The benefits of calcium

also depend on the body's ability to absorb the calcium that is ingested, and this

can vary from less than 10% to greater than 60% in relatively healthy women 11

Calcium is also lost daily through a variety of different mechanisms, of

which urinary excretion is most important. Urinary calcium excretion is affected
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by dietary factors such as calcium and protein, and therefore, is one mechanism that

is within a person's control 6

Controlling calcium balance is extremely important as the long-term

consequence of even small balance disruptions can lead to substantial bone loss 12

If calcium balance is not maintained, hypercalciuria can develop. Hypercalciuria is

a biological syndrome that is defined as a 24-hour urinary calcium excretion greater

than 250mg in females. Dietary calcium and protein imbalances can lead to

secondary hypercalciuria 13

The mechanism by which dietary protein may increase resorption is not

well defined. However, several possible explanations have been proposed. The

most common and most substantiated explanation is related to the acid that is

generated when protein is metabolized 13, 14 Oxidation of excessive sulfur amino

acids accounts for the increased acid production associated with high protein diets.

Calcium is then released to ensure buffering of the acids in the plasma 14, 15 As

stated previously, 99% of the body's calcium supply resides in the skeleton. The

remaining 1% is used to regulate vital functions and is subsequently precisely

regulated in the blood to maintain homeostasis. Therefore, the calcium released to

buffer the acid is primarily coming from bone 14

Surprisingly, despite the well-documented effect of protein on urinary

calcium loss, there is still controversy in determining whether high protein intakes

commonly found within the population are harmful to bone. The average intake for

adult women aged 50-59 years in the U.S. is 64g/day 10 Some investigators 16, 17
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have found an association between protein intake and decreased bone mass, but

others 18, 19 found the opposite.

Although diets high in protein may adversely affect bone, not surprisingly,

the actual outcome depends ultimately on calcium intake. At high calcium intakes,

protein exerts little influence on calcium excretion and bone loss. However, as

calcium intakes fall below the recommended values, the level of calcium is usually

not sufficient to compensate for the protein-induced calcium loss 15, 20 It therefore

becomes more useful to evaluate diets not on their protein or calcium contents

alone, but on their calcium to protein ratios 20, 21

The recommended calcium to protein ratio is 20:1 (mg/g), which is based

on the 1997 recommended intakes for both nutrients. However, the average intake

for women 50-59 years in the U.S. is only 9:1, well below the recommended

amount 22 Thus, when attempting to use dietary modifications to prevent

osteoporosis, it is useful to evaluate the ratio between calcium and protein as well

as calcium and protein intakes alone.

Despite the importance of consuming adequate amounts of calcium and

protein, few women appear to be meeting the recommendations. This may augment

the rapid bone loss that occurs in this population. However, it is still unclear

whether improving nutrition alone is sufficient in slowing the rapid decrease in

bone mass seen in early postmenopausal women. There have been mixed results

regarding the impact of calcium supplementation 2327 or high protein diets 2 830 on

bone loss in postmenopausal women.



PURPOSE

The purpose of this study was to examine the relationship between calcium

and protein intake and bone loss of the left hip (total hip, femoral neck, greater

trochanter) and lumbar spine (LI-IA) in early postmenopausal women. If it is

determined that there is a positive relationship between adequate nutrition and

decreased bone loss, then we can recommend that early postmenopausal women

can minimize bone loss by improving their calcium and protein intake.

SPECiFIC AIMS AND HYPOTHESES

Research Question One

Will early postmenopausal women who meet the recommended calcium

intake ( 1000 mg/day for hormone replaced women, 1500 mg/day for non-

hormone replaced women) show decreased bone loss?

Hypothesis One:

Early postmenopausal women with a dietary calcium intake at or above the

recommended level will show decreased bone loss of the left hip and lumbar spine

after 12 months compared to those women with a dietary calcium intake below this

recommendation.
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Aim One:

To test this hypothesis, we will examine 99 early postmenopausal women.

Calcium intake will be determined using the results from the Block Food

Frequency Questionnaire administered at baseline. Bone density of the left hip

(total hip, femoral neck, greater trochanter) and lumbar spine (L1-L4) measured at

baseline and month 12 will be analyzed. Bone loss will be calculated by

subtracting the month 12 bone mineral density (BMD) variables from those at

baseline.

Research Question Two

Will early postmenopausal women who have a dietary intake of protein

above the recommended level ( 5Oglday) show increased bone loss?

Hypothesis Two:

Early postmenopausal women who have a dietary intake of protein above

the recommended amount will show increased bone loss of the left hip and lumbar

spine after 12 months compared to women with a dietary protein intake at or below

this recommendation.

Aim Two:

To test this hypothesis, we will examine 99 early postmenopausal women.

Protein intake will be determined using the results from the Block Food Frequency



Questionnaire administered at baseline. Bone density of the left hip (total hip,

femoral neck, greater trochanter) and lumbar spine (Li -L4) measured at baseline

and month 12 will be analyzed. Bone loss will be calculated by subtracting the

month 12 BMD variables from those at baseline.

Research Question Three

Will early postmenopausal women who meet the recommended calcium to

protein ratio ( 20:1 mg/g) show decreased bone loss?

Hypothesis Three:

Early postmenopausal women with a calcium to protein ratio at or above the

recommended intake will show decreased bone loss of the left hip and lumbar spine

after 12 months compared to those women with a ratio below this recommendation.

Aim Three:

To test this hypothesis, we will examine 99 early postmenopausal women.

Calcium and protein intake will be determined using the results from the Block

Food Frequency Questionnaire administered at baseline. A ratio will then be

calculated based on the intakes of both nutrients. Bone density of the left hip (total

hip, femoral neck, greater trochanter) and lumbar spine (Li -L4) measured at

baseline and month 12 will be analyzed. Bone loss will be calculated by

subtracting the month 12 BMI) variables from those at baseline.



CHAPTER 2: THE RELATIONSHIP BETWEEN CALC1U!1, PROTEIN,
AND BONE LOSS IN EARLY POSTMENOPAIJSAL WO1EN

ABSTRACT

We investigated the relationship between calcium and protein intake and

bone loss over a one-year period in 99 early postmenopausal women (1-36 months)

aged 51.3 ± 0.31 years. Bone mineral density (g/cm2) of the left hip (total hip,

femoral neck, greater trochariter) and lumbar spine (L1-L4) as well as body

composition were assessed using dual energy x-ray absorptiometry. Dietary intake

of calcium and protein was assessed using a 100-item Block Food Frequency

Questionnaire. A physical activity questionnaire was also completed by the

subjects to estimate energy expenditure. Paired t-tests revealed that there were no

significant differences between baseline and month 12 physical characteristics

except for percent fat which increased from 31.99 ± 0.60% to 32.44 ± 0.61%

(p=.009). At month 12, bone mineral density decreased significantly at the femoral

neck (-0.97 ± 0.3 1%) and total hip (-0.55 ± 0.24%). The average calcium, protein

and calcium to protein ratio intake for the group was 1129.88 ± 46.22mg/day, 57.88

± l.93g/day and 20.10 ± 0.7lmg/g, respectively. Partial correlation analyses

showed no significant relationships between change in bone mineral density and

average intakes for calcium, protein, or the calcium to protein ratio. After adjusting

for hormone replacement status, lean body mass, and months post menopause,

analysis of covariance revealed that there were no significant differences in bone
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loss between groups when intakes of calcium, protein and the calcium to protein

ratio were separated into "above recommended" and "below recommended"

categories (above or below 1000/1500mg/day, 5Og/day, 20: lmg/g/day,

respectively). Our results suggest that consuming adequate amounts of calcium

and protein does not appear to significantly slow bone loss after 12 months in early

postmenopausal women.

PTRODUCTION

Osteoporosis is a skeletal disease that is characterized by decreased bone

mineral density and decreased bone quality that puts an individual at a significant

risk for fracture 1 The prevention or delay of osteoporosis is important because of

the financial, physical, and psychosocial consequences it has on the individual,

her/his family, and society. There are an estimated 1.5 million fractures related to

osteoporosis that occur annually in the United States, at a combined cost of over 10

billion dollars per year 2, 3

Until menopause, men arid women lose bone at a similar rate. However,

once women reach menopause there is a rapid decline in circulating estradiol. This

contributes significantly to the risk for developing osteoporosis because estrogen is

known to exert protective actions on bone 4' 5. For these reasons, it is crucial to

examine potential ways in which bone loss in postmenopausal women can be

slowed and/or prevented.
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Nutrition plays a major role in both the development and maintenance of

bone mass 2, 3, 6. Specifically, calcium and protein are of great importance. The

recommended dietary intake of calcium for adult women aged 50-59 years is

l200mgIday 9. However, many researchers feel that a distinction should be made

between postmenopausal women on hoimone replacement therapy (HRT) and

those not on HRT 2, 3. The loss of estrogen that occurs with menopause is thought

to not only directly affect bone turnover through its action on bone cells, but also

indirectly by decreasing calcium absorption 5. Therefore, a higher recommendation

should be made for women not taking HRT and thus not benefiting from the

protective actions of estrogen 2, 3, 5 The recommendation for postmenopausal

women on HRT is 1 000mg/day of calcium whereas women not on HRT may need

to consume up to 1500mg/day 2, 3 However, in American diets, calcium intake

tends to decline with age and is therefore usually consumed in quantities well

below this recommendation 2, 4. The average intake for adult women aged 50-59

years in the U.S. is only 617mg/day 10 This may present a problem when

combined with a high dietary protein intake since protein increases urinary calcium

excretion 15 Despite the well-documented effect of protein on urinary calcium

loss, there is still controversy in determining whether high protein intakes

commonly found within the U.S. population are hamiful to bone 16-19 The

average protein intake for women aged 50-59 years in the U.S. is 64g/day 1O
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Some investigators 16, 17 have found an association between protein intake and

decreased bone mass, but others 18, 19 found the opposite.

Although diets high in protein may adversely affect bone, not surprisingly,

the actual outcome depends ultimately on calcium intake. At adequate calcium

intakes ( 1000 mg/day for hormone replaced women, 1500 mg/day for non-

hormone replaced women), protein exerts little influence on calcium excretion and

bone loss. However, as calcium intakes fall below the age-recommended values,

the level of calcium is usually not sufficient to compensate for the protein-induced

calcium loss 15, 20 It therefore becomes useful to evaluate diets not solely on their

protein or calcium contents alone, but on their calcium to protein ratios as well 20,

21 The recommended calcium to protein ratio is 20:1 (mg/g) 22 However, the

average intake for women 50-59 years in the U.S. is only 9:1 (mg/g), well below

the recommended amount22

Despite the importance of consuming adequate amounts of calcium and

protein, few women appear to be meeting the recommendations. This may augment

the rapid bone loss that occurs in this population. However, it is still unclear

whether improving nutrition alone is sufficient in slowing the rapid decrease in

bone mass seen in early postmenopausal women. There have been mixed results

regarding the impact of calcium supplementation 2327 or high protein diets 2830 on

bone loss in postmenopausal women.

Therefore, the aim of this study is to examine the relationship between

calcium and protein intake and bone loss of the left hip (total hip, femorall neck,



13

greater trochanter) and lumbar spine (LI-IA) in early postmenopausal women. We

hypothesize that those women with a dietary calcium intake and a calcium to

protein ratio at or above the recommended level will show decreased bone loss,

while women with a dietary protein intake above the recommended level will show

increased bone loss.

METHODS

Subjects

We studied a subset of 150 early (1-36 months) postmenopausal women

who are currently participating in a longitudinal study examining the effects of

hormone replacement therapy on muscle strength and bone mass of the left hip and

lumbar spine. In the original study, a participating physician referred the hormone-

replaced subjects at the time they began hormone therapy (pill or patch). The

subjects who were not on hormone replacement therapy were recruited by

advertisements in local newspapers and by participating physicians.

Women in the original study were included if they had a BMI between 19-

30 kg/m2 and were early postmenopausal (1-36 months). Menopausal status was

determined by their physician based on their follicle-stimulating hormone level.

Exclusion criteria included: hypertension (140/90); metabolic disease that may

affect bone or muscle metabolism; if they had been a smoker within the past five

years; if they consumed more than 14 glasses of alcohol per week; if they were



14

currently taking or had taken alendronate or any statin and if they had any other

physical contraindication that would have prevented them from participating in the

study. Additional exclusion criteria for this current study included failure to

complete a food frequency questionnaire at both baseline and month 12, or

completion of the 1995 version instead of the 1992 version of the Block

questionnaire at baseline. Those women who completed the 1995 version at month

12 were allowed to remain in the study. Thus, this study includes 99 early

postmenopausal women. The original study was reviewed and approved by the

Oregon State University Institutional Review Board (see Appendix B) and subjects

gave written informed consent prior to data collection (see Appendix C).

Bone Mineral Density and Body Composition

Bone mineral density (g/cm2) of the left hip (total hip, femoral neck, greater

trochanter) and lumbar spine (Ll-L4), as well as total body composition were

assessed using dual energy x-ray absorptiometry (DXA; Hologic QDR-4500/A

Elite, Waltham, MA). Machine operators were trained and licensed by the State of

Oregon. The scans from the subjects' baseline and month 12 visits were analyzed

using Hologic software version 6.10.01 Rev A (Hologic). Bone measurements of

the left hip and lumbar spine and measurements of body composition at the Bone

Research Laboratory at Oregon State University have a precision error of 1-1.5%

based on repeated adult scans 31
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Anthropometric 1'1easurements

Height was measured at baseline without shoes using a wall-mounted

stadiometer, and was recorded to the nearest 0.1cm (model S-220; Seca, Hanover,

MD, USA). Weight was measured at baseline and month 12 in light indoor

clothing without shoes and was recorded to the nearest 0.1kg using DXA.

Physical Activity

Leisure physical activity was assessed using The Aerobics Center

Longitudinal Study Physical Activity Questionnaire (Appendix D) 32 MET-

hr/week were then calculated using the following equation:

(sessions/wk) * (minlsession). t(lhI6Omin) (METs)1

MET values were determined using the Compendium of Physical Activities

Dietary Assessment

Dietary data were gathered using the valid and reliable computer-scored

100-item Block Food Frequency Questionnaire 3. This was administered by the

investigator as part of the original study at the subjects' baseline and month 12

appointments (see Appendix E). Some subjects had been given different versions

(1992 or 1995) of the Block Food Frequency Questionnaire at baseline and month

12. The 1992 questionnaires were analyzed by the investigator of the current study

using the NCI Dietary Analysis System software. The 1995 questionnaires were

sent back to Block to be analyzed. These questionnaires were used to obtain



information regarding average daily calcium and protein intake; from this

information, a ratio of calcium to protein (Ca:Pro) was calculated. Only the dietary

information from the questionnaires administered at baseline (1992 version) were

used in the analyses. To determine our different intake categories, we used the NIH

Consensus Panel's 2 recommended calcium intake for hormone-replaced and non-

hormone replaced women, and the RDA 35 for protein as the cutoff. Therefore, the

cutoff for calcium was 1000mg/day for hormone-replaced women and 1500mg/day

for non-hormone replaced women. The cutoff for protein was 50g/day, and for the

Ca:Pro, the cutoff was 20:1 mg/g. Women who had intakes below these cutoffs

were classified as "below recommended" and those who had intakes at or above

these cutoffs were classified as "above recommended".

Statistical Analysis

We first examined the data for normality, linearity and homogeneity of

variance. A delta score was calculated to determine change in BMD from baseline

to month 12 at each of the bone sites. Correlations and independent t-tests were

used to look for potential confounding variables. Paired t-tests were used to

examine differences between baseline and month 12 physical and nutritional

characteristics as well as bone mineral densities. Analysis of covariance was used

to examine the difference between intake categories of calcium, protein and the

Ca:Pro and the change in BMD. Partial correlations were used to examine the

relationship between overall calcium, protein and Ca:Pro intakes and change in
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BMD. We controlled for differences in hormone replacement status among the

participants by categorizing them into one of three groups. The first group

consisted of women who were not taking hormone replacement therapy; the second

group consisted of women who had been taking hormone for 6 months or less at

baseline. The final group of women had been taking hormone for more than 6

months at baseline. For all analyses, baseline nutrition variables and month 12

physical characteristics were used.

RESULTS

The data met assumptions of normality, linearity and homogeneity of

variance. Correlation and t-test analyses found that baseline and month 12 BMD

were significantly related to lean body mass, and BMI) at month 12 was also

significantly related to hormone replacement status. Change in BMD was

significantly related to hormone replacement status and months post menopause.

Therefore, we controlled for these variables in each of the analyses. There were no

significant relationships found between BMD or BMD change and height, percent

fat or MET-hr/wk.

Physical and Nutritional Characteristics

Baseline and month 12 physical characteristics were obtained for 99

subjects (Table 1). The average age of the group at baseline was 51.3 ± 0.31 years.

There were no significant differences between baseline and month 12 physical
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characteristics except for percent fat, which increased from 31.99 0.60% to 32.44

± 0.61% (p=.009).

Baseline and month 12 nutritional data were obtained for 99 subjects, 70 of

whom completed the same version of the Block Food Frequency Questionnaire

(1992) at baseline and month 12 (Table 2). No significant differences were found

between baseline and month 12 nutrition variables of the 70 women who completed

the 1992 questionnaire at both baseline and month 12. Only the dietary data from

baseline were used in the analyses. The average baseline calcium intake of 1129.88

± 46.22mg is above the recommendation for hormone-replaced women

(1000mg/day), however, it falls below the recommendation (1500mg/day) for non-

hormone replaced women. The range of calcium intake across individuals was

267-2521mg/day. The average baseline protein intake for the group was 57.88 ±

1 .93g of protein per day, which is above the recommended 50g/day. The range of

protein intake across individuals was 15-108g/day. As a group, these women met

the recommended Ca:Pro of 20:lmg/g with an average ratio of 20.10 ± .71mg of

calcium per 1 g of protein at baseline. The range of Ca:Pro intake across

individuals was 5-S5mgIg.
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Table 1. Baseline and Month 12 Physical Characteristics

Physical Characteristics (n=99) Baseline Month 12
Age(yrs) 51.31±0.31 NM*

Height (cm) 65.01 ± 0.25 NM
Weight (kg) 67.23 ± 0.92 67.48 ± 0.95
Time Post Menopause (mo) 14.64 ± 0.96 NM
Body Fat (%) 31.99 ± 0.60 32.44 ± 0.611

Total Lean Body Mass (kg) 43.10 ± 0.47 43.20± 0.49
Energy Expenditure (MET-hr/wk) 98.23 ± 8.36

J
97.20 ± 6.68

*NM = not measured; tp=009; Values are expressed as mean ± SEM

Table 2. Baseline and Month 12 Dietary Intakes

Nutrition Variables (n=70) Baseline Month 12
jtalCalciurn(mg) 1120.37±55.85 1155.36±65.65
Tota1Protein(g) 56.20±2.19 56.11±2.51!
Calcium:Protein(mg/g) 20.6? ± 0.92 21.76 ± 1.34

Values are expressed as mean SEM

Bone Mineral Density

Paired t-test analyses revealed significant differences between baseline and

month 12 BMD at the femoral neck and total hip (Table 3). The greatest average

percent loss of 0.97 0.31% was seen at the femoral neck while an average loss of

0.55 ± 0.24% was seen at the total hip. Change in BMD across individuals ranged

from a loss of 1.8% to a gain of 1.4%. The average T- scores for each bone site at

baseline were less than 1 SD below optimal. Therefore, as a group these women

had normal bone mineral density.
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Table 3. Change in Bone Mineral Density

Bone Mineral Density** Baseline Month 12 Change in BMI) Percent Change
Lumbar Spine (LI-IA) .9957 ± .0108 1 .9914 .0111 -.0053 ± .0032 -0.42 ± .30
Femoral Neck .7599 ± .0081 1 .7526± .0084 -.0074 ± .0023* -0.97 ± .31

Greater Trochanter .6799 ± .0086 .6786 .0085 -.0013 ± .0022 -0.12 .32
Total Hip .8877 ± .0089 .8829 .0093 -.0048 ± .0021k -0.55 ± .24

Values are expressed as mean ± SEM; .002; tp= .024; (g/cm2)

B1D and Nutrition Variables

After controlling for hormone replacement status and months post

menopause, partial correlation analyses showed no significant relationships

between change in BMD and calcium, protein or the Ca:Pro (Table 4). Calcium,

protein and the Ca:Pro were separated into two categories: "above recommended"

and "below recommended". When these categories were examined using analysis

of covariance, controlling for hormone replacement status, lean body mass, and

months post menopause, we found no significant differences in bone loss between

the two intake groups.

Table 4. Partial Correlation Between Bone Loss and Nutrition Variables

Bone Site Calcium p value Protein p value Ca:Pro__[ p value
Lumbar Spine 0.0000 1.000 0.0784 0.445 -0.0805 0.433
Femoral Neck 0.0495 0.630 0.0800 0.436 -0.0080 0.938
Greater Trochanter 0.0874 0.395 0.12 19 0.234 -0.0507 0.622
Total Hip 0.1251 0.222 0.0946 0.357 0.0249 0.809
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Table 5. Nutritional Intake Categories

frcutrition Variable Above 11 Below n

Calcium 1544.29 ± 53.36 39 860.52 ± 39.27 60

Protein 68.70 ± 1,84 63 38.93 ± 1.37 36

Ca:Pro 25.83 ± 0.84 46 15.13 ± 0.45 53

Values are expressed as mean ± SEM; n = number of subjects per group

Secondary Outcomes

Despite finding no significant relationships between calcium, protein or the

Ca:Pro and bone loss in these early postmenopausal women, further analyses of our

secondary outcomes revealed interesting findings. Hormone replacement status

showed a significant positive relationship with month 12 BMD and change in

BMD. However, hormone replacement status was not significantly related to BMD

at baseline. The loss of bone in the non-hormone replaced women in our study

ranged from 1.1% to 1.8%. For women who were taking HRT for six months or

less at baseline, change in BMD ranged from a loss of 0.77% to a gain of 1.4%.

For women taking HRT for more than six months at baseline, changes in BMD

ranged from a loss of 0.17% to a gain of 0.26%. When we examined differences

between hormone replacement status and change in BMD, we found that our non-

hormone replaced women differed significantly from those women who had been

taking HRT for six months or less at the greater trochanter (p.01ó). Based on the

significant impact that hormone replacement status had on the change in BMD, we

again examined our nutrition variables (above recommended vs. below

recommended) looking at each of the three hormone replacement status groups
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separately and found that there were still no significant relationships between

nutrition and bone loss.

We also found significant relationships between lean body mass and BMD

at baseline and month 12. Lean body mass was significantly positively correlated

with the femoral neck, greater trochanter and total hip at baseline. At month 12, the

lumbar spine was also significantly positively correlated with lean body mass.

Lean body mass was not significantly related to change in BMD.

DISCUSSION

Neither calcium, protein, nor the calcium to protein ratio were significantly

related to bone loss in these early postrnenopausal women, even after controlling

for hormone replacement status, months post menopause and lean body mass.

When calcium, protein and Ca:Pro intakes were separated into "above

recommended" and "below recommended" categories, no significant differences in

bone loss were found between the groups. Specifically, women with a calcium or

Ca:Pro intake at or above the recommended level did not show decreased bone loss

when compared to women with a calcium or Ca:Pro intake below the

recommended level. Likewise, women with a protein intake above the

recommended level did not show increased bone loss when compared to women

with a protein intake at or below the recommended level.

The primary strength of this study is that this was a longitudinal study,

therefore, we were able to look at factors that influenced bone loss, not just BMD at



23

a single point in time. Another strength of our study was the fact that we were able

to control for potential confounding variables such as hormone replacement status,

lean body mass and months post menopause. Also, each nutrition and BD

variable was normally distributed and had a good range of values, which allowed

us to explore relationships among these data. Finally, we were able to study early

postmenopausal women. Few studies have examined this particular population

with respect to nutrition and bone loss.

The limitations of this study must also be mentioned. First, these women

may not be representative of the general population of early postmenopausal

women. Since they decided to participate in a research study on bone mineral

density, they may be more conscious of their diets and other factors that may

influence bone. This is reflected in their calcium intake, which is above what is

seen in the general population. Also, their protein intake was only slightly above

the recotnrnended 50g/day 35, which differs from the general population who tends

to consume protein in quantities above this recommendation lO Therefore, these

women are meeting the recommended Ca:Pro of 20: lmg/g. This may limit our

ability to generalize our findings to early postmenopausal women who consume a

more typical American diet. Secondly, this was not an intervention study,

therefore, we were not able to control calcium intake. Also, dietary data were

gathered using a food frequency questionnaire. This method may not be the most

accurate way to estimate calcium and protein intake as it relies on selfassessment.

Additionally, some women had completed different versions of the food frequency
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questionnaire at baseline and month 12. This limited the size of our study because

we were unable to use those subjects who completed the 1995 version at baseline.

However, we did include those women who completed the 1995 version at month

12 as long as they completed the 1992 version at baseline. There were no

differences in nutritional intakes among the 70 women who completed the same

version of the Block Food Frequency Questionnaire at baseline and month 12,

which we believe reflects the entire group. Thus, we used baseline nutritional data

instead of month 12 in our analyses to maximize sample size. Finally, this was

only a one-year study. Most of the studies examining nutrition and bone loss have

lasted two or more years.

Many studies have shown that a high calcium intake through diet andlor

supplementation can significantly slow bone loss 2325 However, this effect has

been seen primarily in women six or more years post menopause. In a two-year

randomized placebo-controlled trial, Dawson-Hughes et al. 25 reported that women

who had been postmenopausal for six years or more showed a significant reduction

in bone loss at the femoral neck when calcium supplementation (calcium citrate

malate) was increased from 400mg to 800mg (0.41%) compared to the placebo

group (-1.33%). Reid et al. 23, in a double-blind randomized controlled trial,

reported that administering a calcium supplement of 1000mg per day for two years

reduced total body BMD loss by 43% in women three or more years post

menopause. In a follow-up study, Reid et al. 24 reported that total body BMD loss

continued to be significantly reduced over an additional two-year period in those
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women who continued to receive the 1000mg/thy calcium supplement compared to

those women receiving a placebo (-0.55% vs. -0.80%, respectively).

The relationship between calcium and bone loss is less defined in early

postmenopausal women. Similar to the results of the present study, Dawson-

Hughes et al. 25 reported that women who had undergone menopause five or fewer

years prior to the study did not show a significant reduction in bone loss with

calcium supplementation. Other investigators, however, reported that calcium

supplementation does slow bone loss in early 26 and perimenopausal 27 women. In

a cross-sectional study, Scopacasa et al. 26 reported that bone resorption markers

were suppressed in women consuming 500mg of calcium in the morning and

1000mg in the evening. However, this study only examined the acute effects of

calcium supplementation and did not evaluate long-term bone loss. In a

randomized placebo-controlled trial by Elders et al. 27, calcium supplementation of

1000mg and 2000mg significantly slowed bone loss of the lumbar spine in the first

year in a group of perimenopausal women. The mean loss after two years was

3.5% in the control group vs. 1.3% and 0.7% in the 1000mg and 2000mg groups,

respectively.

It is well known that as protein intake increases, urinary calcium levels also

increase 12, 20, 36 Despite this well-documented relationship, there is still

controversy in determining whether high protein intakes commonly found within

the population are harmful to bone 17, 18, 2830 Our findings agreed with those of

Cooper et at 1 who studied 218 early and late postmenopausal women and
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reported that the protein intake commonly found in the population (mean intake

72g) did not negatively impact bone loss. Similarly, Draper et al. and Panriemans

et al. 38 found no relationship between protein intake and calcium excretion. In a

three week study, Pannemans et al. reported that increasing protein intake from

12 to 21% of total energy intake had no negative effect on calcium balance.

Other researchers, however, have found that protein consumption does

negatively impact bone loss 17, 28, 30 In a 95-day metabolic study, Allen et al. 17

studied six men who were fed two levels of protein (12g vs. 39g) and reported that

the high protein diet caused a negative calcium balance (-37mg/day vs.

-137mg/day, respectively) to occur even when dietary calcium was more than

adequate. Hu et al. 28 examined the relationship between diet and urinary calcium

in a cross-sectional study of 764 middle-aged and elderly women. They reported

that under free-living conditions, consumption of acid-forming foods such as

protein was related to increased urinary calcium excretion. Additionally, in a

prospective cohort study by Sellmeyer et al. 30, they reported that women who

consumed a high dietary ratio of animal to vegetable protein had more rapid bone

loss at the femoral neck (-0.78%) than did those with a low ratio (-0.2 1%).

There is evidence to suggest that expressing calcium and protein intake as a

ratio is more effective than evaluating either separately 20,21, 39. In a longitudinal

study by Reeker et al. 39, weak associations were found between bone gain and

both calcium and protein intake. However, when the intakes were expressed as a

calcium to protein ratio, the relationship was much stronger and turned out to be the
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single most important determinant of the rate of bone gain at the spine. In our

study, examining calcium and protein intakes as a ratio did not significantly change

our results.

Despite finding no significant relationships between calcium, protein or the

Ca:Pro and bone loss in these early postmenopausal women, further analyses of our

secondary outcomes revealed interesting findings. Hormone replacement status

showed a significant positive relationship with month 12 BMD and change in

BMD. However, hormone replacement status was not significantly related to BMD

at baseline. When we examined differences between hormone replacement status

and change in BMD, we found that our non-hormone replaced women differed

significantly from those women who had been taking HRT for six months or less at

the greater trochanter. These findings are supported by the literature. In a three-

year randomized trial examining the effects of hormone therapy on BMD,

researchers reported that women taking a placebo decreased BMD at the spine

(-1.7%) and the hip (-1.8%) compared with those women on HRT 4O When

examining the effects of HRT on BMD, Komuiainen et al. reported that long-

term HRT prevents bone loss in early postmenopausal women. Finally, Bjarnason

et al. 42 reported that bone loss was greatest in those women closest to menopause

but that HRT stopped this loss.

We also found significant relationships between lean body mass and BMD

at baseline and month 12. Lean body mass was not significantly related to change

in BMD. Similar to our findings, in a study by Bevier et al. 3, lean body mass



28

significantly predicted spine BVD in women. Also, in a multicenter study of 1600

early postmeaopausal women, Hia et al. found that lean mass was positively

associated with BMC of the femoral neck and greater trochanter. However, more

recent research has suggested that the relationship between BMD and lean body

mass may only be a result of an inability to completely control for bone thickness

and body weight, and that once these factors are taken into account, body

composition appears to have little or no effect on BMD45

In conclusion, our results suggest that neither calcium, protein, nor Ca:Pro

had a significant impact on bone loss among early postmenopausal women, even

when hormone replacement status, lean body mass, and months post menopause

were controlled for in the analyses. Based on these results, it does not appear that

consuming adequate amounts of calcium and protein can significantly slow bone

loss after 12 months in early postrnenopausal women. Other factors that do appear

to significantly slow bone loss such as HRT and increased lean body mass should

also be considered.



CHAPTER 3: CONCLUSION

The prevention or the delay of osteoporosis is important because of the

financial, physical, and psychosocial consequences it has on the individual, herThis

family, and society. It is known that nutrition plays a major role in both the

development and maintenance of bone mass 2, 3, 6 Specifically, calcium and

protein are of great importance. However, few early postmenopausal women

appear to meet the recommended calcium intake arid at the same time tend to

exceed the recommended protein intake. This may augment the rapid bone loss

that occurs in this population. However, it is still unclear whether improving

nutrition alone is sufficient in slowing the rapid decrease in bone mass seen in early

postmenopausal women.

Our findings suggest that neither calcium, protein, nor the Ca:Pro had a

significant impact on bone loss among early postmenopausal women, even when

hormone replacement status, lean body mass, and months post menopause were

controlled for in the analyses. These findings support the results of other research

23-25

Despite finding no significant relationships between nutrition and bone loss,

further analyses of our secondaiy outcomes revealed interesting findings that are

well supported in the literature 40-42 We found a significant positive relationship

between hormone replacement status and BMD at month 12 as well as the change

in BMD. This suggests that HRT is important in slowing bone loss in early
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postmenopausal women. We also found significant relationships between lean

body mass and BMD at baseline and month 12. These findings are similar to

previous studies examining this relationship '.
Based on these results, it does not appear that consuming adequate amounts

of calcium and protein can significantly slow bone loss after 12 months in early

postmenopausal women. Other factors that do appear to significantly slow bone

loss such as HRT and increased lean body mass should also be considered.
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LITERATURE REVIEW

Osteoporosis is a skeletal disease that is characterized by decreased bone

mineral density and decreased bone quality that puts an individual at a significant

risk for fracture 1 Bone mineral density (g!cm2) is determined both by an

individual's peak bone mass attained early ui life and her/his rate of bone loss later

in life. Bone quality represents the microarchitecture of bone as well as the

turnover, damage accumulation, and mineralization of the bone 1 Osteoporosis is

classified into two groups: primary and secondary. Primary osteoporosis can occur

in both men and women at any age, however, it most often occurs following

menopause in women and later in life in men. Secondary osteoporosis occurs as a

result of medications or diseases regardless of age or sex

The prevention or delay of osteoporosis is important because of the

financial, physical, and psychosocial consequences it has on the individual, her/his

family, and society. There are an estimated 1.5 million fractures related to

osteoporosis that occur annually in the United States, at a combined cost of over 10

billion dollars per year 2,3 Many of these individuals can no longer live

independently following a fracture. Nearly one-third of the patients who suffer a

hip fracture will enter a nursing home 1. This puts stress on their families and often

results in a significant decrease in the individual's quality of life 2

Until menopause, men and women lose bone a similar rate. However, once

women reach menopause there is a rapid decline in circulating estradiol. This
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contributes significantly to the risk for developing osteoporosis because estrogen is

known to exert protective actions on bone 4,5. Also, postmenopausal women are

part of the fastest growing section of the population. This can increase the societal

burden of osteoporosis dramatically 2 For these reasons, it is crucial to examine

potential ways in which primary osteoporosis in women can be prevented.

Nutrition is known to play an important role in protecting against

osteoporosis, as it acts directly in both the development and maintenance of bone

mass 2, 3, 6. Bone is living tissue and therefore has similar nutrient requirements as

other tissues in the body. Without adequate amounts of certain nutrients such as

protein and vitamin D, bony abnormalities will develop Additionally, bulk

materials obtained through the diet, mainly calcium, phosphorus, and protein are

needed for synthesis of the extracellular material responsible for the structural and

mechanical properties of bone 6 Therefore, it becomes apparent that bone cannot

develop optimally if the diet is lacking in these bulk materials.

Once growth has ceased, the need for a mineral-rich diet is still crucial for

bone maintenance 2, 3, 6 The reason for this is twofold. First, calcium is not stored

directly in the body, and second, it is lost daily from the body in a considerable

quantity 6, 7. Dietary calcium is stored in the body as bone. In fact, the average

adult body contains approximately 1,000 to l,200g of calcium, of which 99% is

stored in the skeleton 3, 4, 8. Since calcium cannot be stored directly, it is thought

of as a threshold nutrient. This means that above this threshold, further increases in

calcium intake produce no appreciable increases in bone retention 4,7
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Adults today lose approximately 160 to 320mg of calcium per day through

shed skin, hair, nails, sweat, urine, and digestive secretions 6 When calcium intake

fails to equal calcium loss, blood calcium levels fall, which leads to increased

secretion of parathyroid hormone, and ultimately leads to bone resorption 6 For

these reasons, adequate dietary intake of calcium is crucial to bone health.

The recommended dietary intake of calcium for adult women aged 50-59

years is 1200mg/day 9. However, many researchers feel that a distinction should

be made between postmenopausal women on hormone replacement therapy (HRT)

arid those not on HRT 2, 3. The ioss of estrogen that occurs with menopause is

thought to not only directly affect bone turnover through its action on bone cells,

but also indirectly by decreasing calcium absorption 5. Therefore, a higher

recommendation should be made for women not taking HRT and thus not

benefiting from the protective actions of estrogen 2, 3, 5 The recommendation for

postmenopausal women on HRT is 1000mg/day of calcium whereas women not on

HRT may need to consume up to 1500mg/day 2, 3 However, in American diets,

calcium intake tends to decline with age arid is therefore usually consumed in

quantities well below this recommendation 3, The average intake for adult

women aged 50-59 years in the U.S. is only 617mg/day 10

host researchers agree that adequate calcium intake through diet and/or

supplementation is effective in maintaining bone mass. However, this effect has

been seen primarily in either premenopausal or late postmenopausal ( 5 years)
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women. In a study of 56 premenopausal women, Ramsdale et al. 11 found highly

significant correlations between calcium intake and BMD at the femoral neck and

spine. Those women with a lower calcium intake had lower BMD. In a two-year

randomized placebo-controlled trial, Dawson-Hughes et al. 12 reported that women

who had been postmenopausal for six years or more showed a significant reduction

in bone loss at the femoral neck when calcium supplementation (calcium citrate

malate) was increased from 400mg to 800mg (0.41%) compared to the placebo

group (-1.33%). Reid et al. 13, in a double-blind randomized controlled trial,

reported that administering a calcium supplement of 1000mg per day for two years

reduced total body BMD loss by 43% in women three or more years post

menopause. In a follow-up study, Reid et a?. reported that total body BMD loss

continued to be significantly reduced over an additional two-year period in those

women who continued to receive the 1000mg/day calcium supplement compared to

those women receiving a placebo (-0.55% vs. -0.80%, respectively). Michaelsson

et a?. 15 investigated 80 postmenopausal women and found that only a high calcium

intake ( 1400mg/day) had a positive effect on BMD of the femoral neck and

lumbar spine as well as total body BMD 15 Finally, in a prospective study (range

2.9-5.3 years) of 128 women 60-65 years, Uusi-Rasi et aL 16 found that a high

calcium intake ( 1200mg/day) slowed bone loss at the femoral neck by 5.4% when

compared to the low calcium intake group ( 800mg/day).
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The relationship between calcium and bone loss in less defined in early

postmenopausal women. Similar to the results of the present study, Dawson-

Hughes et al. 12 reported that women who had undergone menopause five or fewer

years prior to the study did not show a significant reduction in bone loss with

calcium supplementation. Other investigators, however, found that calcium

supplementation does slow bone loss in early 17 and perirnenopausal 18 women.

Scopacasa et al. reported that bone resorption markers were suppressed in

women consuming 500mg of calcium in the morning and 1000mg in the evening.

However, this study only examined the acute effects of calcium supplementation

and did not evaluate long-term bone loss. In a randomized placebo-controlled trial

by Elders et al. 18, calcium supplementation of 1000mg and 2000mg significantly

slowed bone loss of the lumbar spine in the first year in a group of perimenopausal

women. The mean loss after two years was 3.5% in the control group vs. 1.3% and

0.7% in the 1000mg and 2000mg groups, respectively.

The benefits of calcium also depend on the body's ability to absorb the

calcium that is ingested, and this can vary from less than 10% to greater than 60%

in relatively healthy women 19 It is unclear why some women absorb calcium

poorly, while others absorb it efficiently. Factors such as age, estrogen status, and

usual calcium intake only explain a small amount of the variability in the efficiency

in absorption The implications of this variation are great. For example, if a

woman absorbs calcium at 45% efficiency, she will extract 135mg of calcium from

S ounces of milk. After subtracting digestive calcium secretion, she will net
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approximately 100mg. In comparison, a woman absorbing at 15% efficiency

extracts only 45mg of calcium, and after subtracting digestive calcium secretion,

nets 10mg or less. Thus, adequate calcium intake also depends on where an

individual falls within this range of calcium absorption efficiency 2O So, even

though adequate calcium intake is crucial to bone health, it is often neither

sufficiently consumed nor absorbed.

Calcium is also lost daily through a variety of mechanisms, of which

urinary excretion is most important. Urinary calcium excretion is affected by

dietary factors such as calcium and protein, and therefore, is one mechanism that is

within a person's control 6

Controlling calcium balance is extremely important as the long-term

consequence of even small balance disruptions can lead to substantial bone loss 21

For example, the average adult female skeleton is said to have 750g of calcium at

its peak. If urinary calcium increases by 50mg per day, 1 8.25g will be lost per

year, and 365g will be lost over 20 years. This means that within 20 years, half of

the skeletal stores of calcium could be lost 21

If calcium balance is not maintained, hypercalciuria can develop.

Hypercalciuria is a biological syndrome that is defined as a 24-hour urinary

calcium excretion greater than 6.2Smmol (250mg) in females. Dietary calcium and

protein imbalances can lead to secondary hypercalciuria 22 The relationship

between dietary protein and urinary calcium was first studied 70 years ago.
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However, until 25 years ago, it was believed that dietary protein increased

intestinal absorption of calcium, thus, offsetting any urinary loss 23

Once it became recognized that protein did not alter intestinal calcium

absorption, interest in obtaining a better understanding of the relationship between

dietary protein and urinary calcium excretion was stimulated. The more recent

concern over osteoporosis prevention has further stimulated interest in this area 23

The mechanism by which dietary protein may increase resorption is not

well defined. However, several possible explanations have been proposed. The

most common and most substantiated explanation is related to the acid that is

generated when protein is metabolized 22,23, Oxidation of excessive sulfur amino

acids accounts for the increased acid production associated with high protein diets.

Calcium is then released to ensure buffering of the acids in the plasma 22,23, As

stated previously, 99% of the body's calcium supply resides in the skeleton. The

remaining 1% is used to regulate vital functions and is subsequently precisely

regulated in the blood to maintain homeostasis. Therefore, the calcium released to

buffer the acid is primarily coming from bone 23, The linear relationship between

the change in dietary protein and urinary calcium is so strong that a doubling of

protein intake produces approximately a 50% increase in urinary calcium 24

Surprisingly, despite the well-documented effect of protein on urinary calcium loss,

there is still controversy in determining whether high protein intakes commonly

found within the population are harmful to bone 25 The average protein intake for

women aged 50-59 years in the U.S. is 64g/day 10, Some investigators 2628 have
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found an association between protein intake and decreased bone mass, but others

29-3? have found the opposite.

Allen et a?. 32 studied six men who were fed two levels of protein (12g vs.

39g) and reported that the high protein diet caused a negative calcium balance

(-37mg/day vs. -137mg/day, respectively) to occur even when dietary calcium was

more than adequate. Ho et al. 27 examined the relationship between diet and

urinary calcium in a cross-sectional study of 764 middle-aged and elderly women.

They reported that under free-living conditions, consumption of acid-forming foods

such as protein was related to increased urinary calcium excretion. Additionally, in

a prospective cohort study by Sellmeyer et al. 26, they reported that women who

consumed a high dietary ratio of animal to vegetable protein had more rapid bone

loss at the femoral neck (-0.78%) than did those with a low ratio (-0.2 1%). Finally,

as part of the Nurse's Health Study, Feskanich et al. 28 found an increased risk of

osteoporotic forearm fracture in those women with a high protein consumption (

90g/day).

Other researchers however have found that protein consumption does not

negatively impact bone loss 29, 31, 33-35. Cooper et al. 29 studied 218 early and late

postmenopausal women and reported that the high protein intake commonly found

in the population (mean intake 72g) did not negatively impact bone loss. Similarly,

Hunt et al. and Pannemans et al. 3 found no relationship between protein intake

and calcium excretion. In a three week study, Pannemans et al. reported that

increasing protein intake from 12 to 21% of total energy intake had no negative
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effect on calcium balance. Hunt et al. 33 studied 14 postmenopausal women in a

metabolic unit for 21 weeks. The women spent 7 weeks on each of the following

diets: high meat (20% protein), low meat (10% protein), and low meat with

supplement. They found no adverse effect of the meat protein on urinary calcium

excretion. Finally, Tucker et al. 35 examined participants in the Framingham

Osteoporosis Study and found that those people with a high protein intake actually

had higher BMD. However, these were elderly subjects and 30% of the subjects

had protein intakes below the recommended 0.Sg/kg.

Although diets high in protein may adversely affect bone, not surprisingly,

the actual outcome depends ultimately on calcium intake. At high calcium intakes,

protein exerts little influence on calcium excretion and bone loss. However, as

calcium intakes fall below the recommended values, the level of calcium is usually

not sufficient to compensate for the protein-induced calcium loss 24, 36 It therefore

becomes more useful to evaluate diets not on their protein or calcium contents

alone, but on their calcium to protein ratios 36, 37. In a longitudinal study by

Reeker et al. 38, weak associations were found between bone gain and both calcium

and protein intake. However, when the intakes were expressed as a calcium to

protein ratio, the relationship was much stronger and turned out to be the single

most important determinant of the rate of bone gain at the spine 38

The recommended calcium to protein ratio is 20:1 (mglg), which is based

on the 1997 recommended intakes for both nutrients. However, the average intake

for women 50-59 years in the U.S. is only 9:1, well below the recommended
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amount 39. Thus, when attempting to use dietaiy modifications to prevent

osteoporosis, it is useful to evaluate the ratio between calcium and protein as well

as calcium and protein intakes alone.

Despite the importance of consuming adequate amounts of calcium and

protein, few women appear to be meeting the recommendations. This may

augment the rapid bone loss that occurs in this population. However, it is still

unclear whether improving nutrition alone is sufficient in slowing the rapid

decrease in bone mass seen in early postinenopausal women.
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OREao sTATE
UNVtR5lTY

Report of Review by the Inst±tution*l Review Board for the
Protection of Human Subjects

TO: Gianni Maddalozzo
Exercise and Sport Science

COPY: Laura Lincoln

RE The combined effects of moderate intensity weight training and estrogen therapy on
bone mass in early postxnenopausai women

The referenced project was reviewed under the guidelines of Oregon State Universits
institutional review board (IRB), the Committee for the Protection of Human Sutjects, and the
US. Department of Health and Human Services The IRB has approved your application. The
approval of this application expires upon the completion of the project or one year from the
approval date, whichever is sooner. The informed consent form obtained from each suject
should be retained in program/projeefs files for three years beyond the end date of the project

Any proposed change to the protocol or informed consent form that is not included in the
approved application must be submitted to the IRB for review and must be approved by the
committee before it can be implemented. Immediate action may be taken where nccessai to
eliminte apparent hazards to subjects, but this modification to the approved project must be
reported immediately to the IRE.

h' Date: /
Committee for the on of Human Su1jects
Langton 214
anthoay.wilcox@orstedu 737-6799
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Bone Research laboratory
Department of Exercise and Sport Science

Informed Consent
Exercise group

A. Title: The combined effects of moderate intensity weight training and estrogen
therapy on bone mass in early postmenopausal women.

B. Investigators: Gianni Maddalozzo, Ph.D., Instructor, 737-6802; and Christine
Snow, Ph.D., Associate Professor, 737-678815935. Department of Exercise and
Sport Science.

C. Purpose: The aim of this study is to investigate the interactive effects of
standing free weight training arid estrogen as a strategy to reverse or attenuate bone
loss in the early postmenopausal women.

D. Procedures: I have been invited by Dr. Gianni Maddalozzo (Principal
Investigator) to participate in this 12-month training study that will evaluate my
bone mineral density and body composition. I have been selected to participant in
this study because I am a healthy early postmenopausal female. Please note that
any data collected from you (bone analysis, strength analysis etc.) duringPhase I of

this ongoing research will serve as pre-intervention control data.

I have received an oral and written explanation of this study and I understand that
as a participant in this study the following things will happen:

Bone Mineral Density and Body Composition Assessments: Bone mass of my
left hip, spine, and total whole body as well as total body composition will be
measured at baseline and months 6 and 12 of the study using a bone densitometer.
The technique used to assess bone mineral content gives and accurate measure of
bone density with a very low exposure to radiation. The radiation does is
considered safe to administer on several occasions to women in my age group
provided that the women are not pregnant. I understand that I will experience no
discomfort from the scans.

Strength and Power: Strength and power will be tested on three different
occasions, baseline and months 6 and 12 of the study. A machine will measure the
strength of my chest, back, hips, legs and arms. This testing will require that I push
against a lever arm with as much force as possible. Five trials of maximal effort,
with 60 seconds rest in between trials will be completed for each exercise.

Balance test: Balance will be measured on a computerized platform at baseline
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and months 6 and 12 of the study. I will stand still on the platform and follow a
sensor on the computer screen by shifting my weight without moving my feet. Two
practice trials will used to familiarize me with the testing device. These will be
followed by two test trials. Testing takes approximately 10 minutes per session.

Exercise Program: I understand that I will be asked to attend 2-training sessions
per week for 1-year. Each exercise session will last approximately 50 minutes.
During each session I will perform 1-2 warm-up sets (30% of 1 RM) of 15
repetitions and 3 working sets (40-65% of 1RM) of 8-15 repetitions for each of 3-
exercises; free weight back squat, deadlift, and standing calf raises.

Determining 1RM: 1RM is defmed as the maximal amount of weight I can lift one
time for each of the two exercises. My 1RM will be determined from a prediction
equation (which uses sub maximal repetitions to failure) that has been previously
validated. Every six to eight months of the study, I will be asked to perform one set
of 8-10 repetitions for each exercise to failure (this protocols has been approved by
the American College of Sports Medicine). This information will be used to
calculate my 1RM.

Questionnaires: I will be asked to complete an energy expenditure questionnaire
used to calculate average daily expenditure and a food questionnaire used to
estimate my average daily caloric intake.

Potential risks and discomforts: I understand that I will be exposed to a low dose
of radiation from the bone densitometer. The amount of radiation that I will
receive is less than the amount of radiation an average individual receives in one
day from background sources (sun, etc.). As a result of participating in the strength
and power testing and/or exercise program, I may experience some initial muscle
soreness. However, this soreness will disappear after two to three days.

E. Benefits: Measurement of my bone mineral density will give me an accurate
indication of my bone mass. I have been informed that this evaluation is not
diagnostic and that any questions regarding my bone mineral density report should
be directed to my physician.

F. Confidentiality: I understand that any information obtained in connection with
this study that can be identified with me will be kept confidential to the extent
permitted by law. A code number will be used to identify any test results or other
information I provide. Neither my name nor any information from which I might
be identified will be used in any data summarizes or publications.

0. Compensation for Injury: I understand that the University does not provide a
research subject with compensation or medical treatments in the event that the
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subject is injured as a result of participation in the research project.

H. Voluntary Participation Statement: I understand that my participation in this
study is completely voluntary and that I may either refuse to participate or
withdraw from the study at any time without penalty.

0. If You Have Questions? I understand that any questions I have about the
research study or specific procedures should be directed to Gianni Maddalozzo
(737-6802). If I have questions about my rights as a research subject, I should call
the Director of Sponsored Programs, OSU Research Office, (541) 737-0670.
My signature below indicates that I have read and that I understand the procedures
described above and gives my informed and voluntary consent to participate in this
study.

Signature of Participant

Participants Address

Participants Phone Number

Date

Signature of Principal Investigator Date
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APPENDIX D: AEROBICS CENTER LONGITUDINAL STUDY
PHYSICAL ACTIVITY QUESTIONNAIRE
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Oregon State University Bone Research Laboratory
Department of Exercise and Sport Science
Coilege of Health and Human Performance

Most individuals find that the uestiounaire can be completed in approximately
20-30 minutes.

Replies are important from all Oregon State University Bone Research

LabOzatOry exercisers or non-exercises

Be as accurate as possible, but provide your best estimate if you do not remember
precisely.

All responses will be kept strictly confidential like other OregonState University
Bone Research records.

If you wish to comment on any questions orto qualify your answers, please write in the
margins. Your comments are welcome and will be taken into acotn1t.

A summary of this research will be sent to all participants.

Thank you for your help!

Name: Date;

Subject ID:___________
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in this section we would like to ask you about your current physical activity and
CXCtQSC habits that you perform regularly, at least once a week. Please answer as
accurately as possible. Qrde your answer or supply a specific number when asked.

EXERcISE/PRYSICAL ACTIVITY

L For the last three months, vhidi of the fobbing moderate or vigorous acthitics
have you performed regularly? (Please th& XFSfor all that appv dNOif
do not pafom the aañç provide ar estimate of the arnorsnt of activityfr a
marked XES & as complete as postible.)

How =
per session?

(minutes)duration per scesson.

What as your usual pace of wailing? (Please thuk one)

C4.SUALOt AVERAGE or PATRLY BRLSKor
StROLlING NORMAl. BBi StRG
(<2 çi) (2 to 3 mph) (3 to 4 nph) (4 mpl or Ianer)

Stair Climbing
NO YES How many flights of stairs do you dimb VP each day?____

(1 flight lOuteps)

Jogglng or Running
NO YES How many sessions per week?

How many miles (or fractious) per session?
Average duration per session? ____(mmutes)

NO YES How many sessions per week?
Average duration per sesicn? ____(minutes)
Speed?_(inpb) Grade?_(%)

BlcdIug
NO YES How many sessions per week?

How many miles per session?
Average duration per session? ____(minutes)

Swimming Laps
NO YES - How many sessions per week?

How many miles pea session?
(880 yds 03 miles)

Average duration per session? _____(minutes)



A.erobk Danee/Cslistha,jcsfFloor Exerdse
NO YES How many sesszons per week?

Muage duration per session? _____(numites)

Modera Sports
(e.g. Ldsurn voUe,*fl, golf (not riding),
social dancing, doubles tennis)

NO YES How many sessions per week?
Awrage duration per session? (nutes)

Vigorous Racquet Sports
(e.g. Racqudbail, singles tennis)

NO YES How many seoszocs per week?
Mmage duration per session? ____(znmutcs)

OVZOVOUSSO GiumT,mc., -\er
or Exercise Involving
Rimning (e.g. Basketh4 soer)

NO YES Please spedf
ow many sessions per week?

Muragc duration per session? ____(xumutcs)

Other Activities
NO YES Please speci

How many sessions per week?
Auerage duration per session? ______(znniutes)

WdghtTrahring
(Machines, free weights)
NO YES How many sessions per week?

Merage duration per session? _____(minutes)

Household Adivities (Seneplug. inamming,
ashing clothes, scrubbing flootu)
NO YES How many hours per week?

Lawn Work sad Gardening
NO YES How many hours per week?

2. How many times a wec do you engage in vigorous physiesi activity long enough
to work up a sweat?_____ (timer per week)
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FOOD QUESTIONNAIRE

TNs form asks about your usuai food intake,
takes about 30 minutes to complete. Please foilow these instructions:

Answer each question as best you can - estimate if you aren't sure.

Use only a No. 2 pencil.

Be certain to completely blacken in each of your answers, and erase completely
i you make any changes.

CORRECT MARK:

INCORRECT MARKS: ØQ

r PLEASE PR1NT YOUR NAME 114 ThIS BOX.

PLEASE DO NOT WRITE OUTSIDE THE BOXED AREA.

1. IDENT1FICAT1ON 4. TODAY'S 5. WEIGHT 6. HEIGHT
NUMBER 2. SEX DATE pounds ft. in.

1J1 óMaie JanA} [11________ LQ,!em_J 0Feb1 L...L-1_J

l0Mar fE 91 0
lOApr 3fDDj 92 01

3. AGE iOMay d
i0Lessthan2ôj b,jun 94 0 XD

020-29 OJul CD 95 0 G)
030-39 CAug 96 0
040-49 OSep Y 97
050-59 COct : 96 0
060-69 ONov ( 99 0 I)GXE) (3)

____________ 070+ Dec
L

! oo

HHHO. ULL.JAN 92 ''° °'' ""

[ oo*o*$00000Ri0000000 127080
- Pagel
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7. Do you smoke cigarettes now?
o Na
O Yes IF YES, on the average, about how many cigarettes a day do you smoke now?

01-5 06-14 015-24 025-34 O35ormore

8. About how many times have you gone on a diet to lose weight?
ONever 01-2 03-5 06-8 09-11 Ol2ormore

9. During the past year have you taken any vitamins or minerals?
0 No 0 Yes, fairly regularly, 0 Yes, but not regularly

NUMBER
1-3 4-6

MIN TYPE pç

OF TABLETS FOR HOW MANY YEARS?

1

pj
2

pcj
3

PER
4

P
5.
PER

LESS I,

ThAN 1-2 1
3-5 6-4 10.

NONE 'VEEY 'WEEp DAY DAY DAY DAY DAY 1 YR YEAR5YYEAR

0 0 0 0 0 0 0 01010Multiple Vitamins
Seress-tabstype 0 0 0
Therapeutic, Theragran type 0 0 0 0 0 0 0 0 0 0 0 0 0
One-a-daytype 0(0 c' 0 0 0 0 o 0 a 0(0(0

Other Vitamins
VitarninA 00 0 0 0 0 0 0 0 0 oto a
VitarninE 0,0000000 00000
GaumorTums 0(0 0 o0 0 0 0 0 0 0(010
VitarninC 00000000 000OO

10. 11 you take Vitamin E or Vitamin C:
How many units per Vitamin E tablet? 0 100 0200 0400 0 1000 0 Dont know
How many milligrams per Vitamin C tablet? 0 100 0250 0500 0 1000 0 Don't know

11. Do you regularly take pills containing any of these nutrients?
0 No or don't know 0 Iron 0 Beta-carotene

0 Zinc 0 Selenium 0

12. What kinds of fat do you usually use in cooking (to fry, stir-fry or saute)? Mark only one or two.

0 Don't know or don't cook 0 Lard, fatback, baconiat 0 Pam or no Oil 0 Crisco

0 Stick margarine 0 Butter 0 SOft tub margarine 0 Oil

0 1/2 butter. 1/2 margarine 0 Low calorie margarine

13. What kinds of fat do you usually add to vegetables, potatoes, etc.? Mark only one or two.

0 Don't add fat C) Lard, fatback, baconfat 0 Low calorie margarine

0 Stick margarine 0 Soft tub margarine 01/2 butter, 1/2 margarine

O Butter 0 Whipped butter 0 Crisco

14. When you eatthe following foods, how often do you eata low-fat or non-fat version of that food?

CHEESE 0 Always low-fat 0 Sometimes 0 Rarely low-fat

ICE CREAM/YOGURT C) Always low-fat 0 Sometimes 0 Rarely low-fat

SAlAD DRESSING 0 Always low-tat 0 Sometimes 0 Rarely low-fat

a a Page2 a.

I

I
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ri

a. How often do you add salt to your food?

b. How often do you add pepper to your food?

C. How often do you eat the skin on chicken?

d. How often do you eat the fat on meat?

SELDOM/NEVER SOMETIMES OFTEN/ALWAYS

o 0 0
o 0 0
o 0 0
o 0 0

16. About how often do you eat the following foods from restaurants or carry-outs?
Remember to think about afi mak (brIdt mae-h elu,npr 'r

RESTAURANT FOOD

NUMBER OF VISITS LAST YEAR

NEVER 1-4 5-11 1.3 ONCE 2-4 ALMOST
IN PAST

I TIMES TIMES TIMES A TIMES EVERY
YEAR PAST YEAR PAST YEAR A MONTH WEEI( A WEEK DAY

0 0 0 0 0 0 0Fried chicken

Burgers 0 0 0 0 0 0 0
Pizza C) 0 0 0 0 0 0
Chinese food 0 0 0 0 0 0 0
Mexican food 0 0 0 0 0 0 0
Fried fish 0 0 0 0 0 0

j
0

17. This section is about your usual eating habits over the past year.

FIRST: Mark the column to show how often, on the average, you ate the food during the past year.
Please BE CAREFUL which column you put your answer in.

SECOND: Mark whether your usual serving size is small, medium or large. Please DO NOT OMIT serving size.

ADDITIONAL COMMENTS:

Please DO NOT SKIP any foods. If you never eat a food, mark Never or less than once a month.

A small serving is about one-half the medium serving Size Shown, 01' less.
A large serving is about one-and-a-half times the medium Serving size shown, or more.

SAMPLE: This person ate a medium serving of rice about twice per month and never ate squash.

HOW OFTEN HOW MUCH
I

NEVER YOUR
TYPE OF FOOD OR LESS

ThAN ONCE
PER MONTh

1

PER
MON

2.3
PER
MON

1

PER
VEEI

2
PER
WEEKIWEEI

3-4
PER

5-6
PER
VEEKI

1

PER
DAY

2.
PER
DAY

MEDIUM
SERVING

SERVING SIZE

S

0 0000000 3/4cup 0.01Rice

Winter squash, baked
squash 00000000 1aP 000

__ - Page3 - -
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127O8O I
I

HOW OFTEN 140W MUCK________
NEVER! 1

TYPE OF FOOD C)
1 24 1 2 3-4 1 2.

YOUR

PER PER IPER PERJR J PER PER MEDIUM SERV SIZE
m oc DAY DAY SERVING

S 1 M [ LERu0NjM0 -_E

FRUITSANOJUICES
:

EXAMPLE:Apples,øc 0 0 0 C) ° °
Apples, applesauce, pears 0 0 0 0 CD 0 0 0 0

or 1/2 cup
0 0 0

Bananas 0 0 0 0 0 00 0 Imedom OO CD

Peaches, apricots (fresh
or 1/2 cupor canned

Cantaloupe (in season)
1
o (0 0 0 0 0 0 C) C> 0 0 0

Cantaloupe (rest of year) 0 1 0 0 0 1
1 0 0 0 mm C>

Watermelon (iaseason) 0 0 0 CD 0 0 0 0 0 1e 0 0 0
Strawberries (in season) 0 0 0 0 0 0 0 CD 0 1/2 CtP 0 0 0
Oranges 0 0 O0 °1° C 1rfleu' 0 0 0
Grapefruit 0 001000000 rj'm 0(00
Orange juice or grapefruit juice 0 0 0 0 0 0 0 0 0 6>ue 0 0 0

Fruit drinks with added 0 C) C> C) C) 6 OUnCe 0 0 0
vitamin C, such as Hi-C

Any other fruit, including 0 C) C) 0 C) 0 0 0 0 1/2 0 0 0
berries, fruit cocktail, grapes

0 0

A,

0 0 0 0Hghfiber, bran orgranola

'"f'
010cereals, shredded wheat

Highly fortified cereals, such as CD 0 0 C) 0 0 CD 0 1 ne1 C) C)
Total, 3ust Right or Prdu1 t9

Other cold cereals, such as corn
flakes, Rice Knspes 0 0 0 0 0 0 CD 0 0 1 medurn

Cookedcereal,orgrits 0 0 CD 0 0 0 0 0 0 1mUn1 C) CD

Milkon cereal 0 0 C) 0 C) 0 0 CD 0 1/2CUp 0 0 C>

Sugaraddedtocereal 0 C) 0 0 0 0 0 0 0 2teasp 00 0

Eggs 0 CC) 00000 00
Bacon 0 0O000 2sIices 000
Sausage 0 0 0 o 0 0 o 0 0 0 o o

a - Page4 a aa



[i27O8O I 0000000*U**00000R0a00I

How oFT HOW MUCH

TYPEOFFOOD tZjPR1PER( 1 2 341541112. YOUR

PER PER PER PER PER PER UE
(

PER MON4EE WEE1OAY[OAY SERVGS!M j

VEGETABLES -------------
String beans, green beans 0 0 C) 0 0 0 0 C) 0 v2 cu 0 0 0
Peas 0 0 C)O 0 0 0 OlO 1/2o 0 0 0
Chili with beans 0 0 C) 0 0 0 0 C) C) 3/4cvp 0 0 0
Other beans such as baked beans, 0 C) OIO 010 0 0 0 3J4cp 0 0 0ptntos, kidney, limas. and lentils

Corn 0 00000000 000
Winter squash/baked squash C) 0 0 0 0 C) C) C) 0 1/2cup 0 0 0
Tomatoes, tomato juice i 0 0 o

1
o 0 0 0 0

Red chili sauce, taco sauce, 0 OC) °1°1°° 0 2t5besp 00 C)salsapicante

Broccoli 0 00 0 0C)1° C) C) lI2cup OjO C)

Cauliticwer or brssois sprouts 0 0 C) 0 0 0 0 C) 0 1)2 0 0 0
Spinach (raw) 0 0 C) 0 0 C) 0 0 0 3/4up 0 0 C)
Snach(coolced) 0 0000000(0
Mustard greens, turnip greens, 0 o C) 0 o o o 0 0 1 o C) 0collards

Cole slaw, cabbage, sauelcraut 0 0 C) 0 0 0 0 0 0 1I2P 0 0 0
Carrots, or mixed vegetables 0 C) C) 0 0 0 0 0 112 0 0 0containing carrots

Greensalad
1

o 0 0 0 0 1meum o(o 0
Regular salad dressing & I

mayonnaise, including on 0 0 0 0 0 C) 0 0 0 2 ab4esp 0 0 0sandwiches or on potato salad, etc.

Frenchfriesandfriedpotatoes 0 0 0 0 0 0 0 0 39 0 0 0
Sweet potatoes, yams 0 0 0 C) 0 0 0 0 0 1t2Cup 0 0 0
Other potatoes including boiled, 0 0 0 0 0 0 0 0 orlf2OJp

0baked,mashed&potatosalad

Rice 0 C)oQC)000 3I4cup 000
Any other vegetable, including 0 o 0 0 0 0 C) 0 C) 1)2 cup 0 0 0
cooked onions, summer squash

Butter, margarine or other tat 0 00000000 2pats 000added to veg., potatoes, etc.
________________________________________ __________ __l.-- - -
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HOW OFTEN HOW MUCH
YOUR

TYPE OF FOOD 1 24 1 2 34 54 1 2
MEDIoM [SERVM4G S)ZEimocJPERIPEjj$

r M1PER MONTh) MON [MON

H
Hamburgers, cheeseburgers, 0 0 0 0 0 0 0 0 0 [0 0 [0
meatloaf, beef burritos, tacos

8eef, (steaks, roasts, etc., 0 0 0 4 0 0 0indung sandwiches) 0 0 0 0 0 0 ounces

Beef stew or pot pie with
carrots or other vegetables 0 0 0 0 0 0 0 0 0 CUP 0 0 0
Liver, including chicken livers 0 0 0 C) C) 0 C) 0 0 4 oute5 0 0 0
Pork, including chops. roasts o o o o 2cOpsot

4 ounCes o o o
Friedchicken 0 0 C) 0 0 0 0 C) C) 00 0
Chicken or turkey (roasted, stewed 0 0 0 0 C) 0 C) 0 0 0 0 0or broiled, includng

Fried fish or fish sandwich 0 0 0 0 0 0 C) 0 C) C) 0 0
Tuna, tuna salad, C) 0 0 0 0 C) 0 0 0 lJ2Cup 0 C) C)
tuna casserole

1/4cup 000Oysters 0 C)C)C)00000
oqSOZ.

Shell fish, (shnrnp, crab,
, C) C) C) C)

Spteces,
1/4 0 0 0lobster. etc.)

Other fish roiled or baked) 0 C) 0 C) 0 0 C) 0 0 °
4 ounceS 0 0 C)

Spaghetti, lasagrla, other pasta
C) C) C) C) C) C) CUP 0 C) 0with tomato sauce

?izza C) C) C) C) C) C) 0 C) 0 2s))ces C) C) C)

Mixed dishes with cheese 0 C) C) C) C) C) C) C) 1 cup 0 C) 0(such as macaroni and cheese)

Liverwurst 0 QC)Q00000 2shces1C)00

Hot dogs C) 0 0 0 C) 0 C) 0 C) 2hotdOgs C) C) 0
Ham, bologna, salamiand C) ) C) C) , C) C) 2sticesor

2 OunceS
C)other lunch meats

Vegetable andtomatosoups. C) 0 C) 0 C) C) 0 0 0 0 0
'clung vegetable beef, naestrone)

Other soups C)_ C) 0-

a - Page6 a



iow OFTEN HOW MUCH

TYPEOFF000 ::'ESS
PER PER1PER1PER1PER1PER1 PERI MEDIUM RVUGStZE

PERMONTH MON MON EEKj DAY DAYISERVING s M L

BREADSNACKS, PREADS 1 "

Biscuits, muffins, [C) o I nedurn
pece o o o

Qncludng fast foods)

White bread (including
sandwiches, bagels, burger rolls, C) 0 0 C) C) 0 0 0 0 2 ShCeS C) C) C)
French or Italian bread

Dark bread, such as wheat.
rye, pumpernickel, 0 0 0 C) C) 0 0 C) 0 2 sces 0 C) 0
ltncluding sandwiches)

Corn bread, corn muffins,

Salty snacks, such as potato 0
chips, corn chips,

C) C) C) C) C) C) C) 21S C) 0 0
popcorn

Peanuts, peanut butter C) 0 0 0 C) 0 0 C) 0 2 iabiesp 0 0 0
Margarine on bread or rolls C) C) C) C) C) C) C) C) 0 2 P5iS 0 0 0
Butter on bread or rolls C) C) C) C) C) Q C) C) 2 pats 0 C) C)Gre

C) C) C) C) C) 0 C)
i

C) 2tabesp C) C) 0
1)AIRV)UCTS

IP2cupCottage cheese C) ° C) C) C) C) C) 0
Other cheeses and

C) C) C) C) C) 2sices*r

Flavored yogurt, frozen yogurt 0 C) C) C) C) C) 0 0 0 P 0 C) 0

C) opIce cream 0 C) 0 C) C) C) 0 0
Doughnuts,coolcies, C) QC)C)Q0QC)00C)C)
cake, pastry

Pumplcinpte,sweetpotatopie C) C)oC)C)C)0001m000
Otherples 0 C) 0 C) 0 0 0 0 0
Chocolatecandy C) 0 C) C) C) C) 0 0 C) C) C) C)

honeynar 000010000
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HOW OFTEN HOW MUCH
NEVER OR

PER

I

f YOUR
TYPE OF FOOD ss THAN_______ PER (PER I PER PER MEDIUM SMNG SIZE

IUowTH MON AY(OAYJDAYD SERVINGjsIMf
.' :

OteThatTha1e9óIIeSI6TeSe columns are different)

Whole milk and beverages with I ------- 11
whoic milk (not incl. on cereal) 0 0 0 0 0 0 0 0 0 So:, giass 0] 0 0
2% milk and beverages with 2%
milk (not including on cereal) 0 10 0 0 0 do

I

0(0 8oz,gs 0 0 0
Skim milk, 1% milk or buttermilk
(not including on cereal) 0 0 0 0 0 0 0 0 0 $ oz. ass 0 0 0

Regular soft dnks (not diet soda) 0 0 0 0 1 0 0 1 0 0 0 0 0 0
Beer lo olol000000I

I 000
Wineorwinecoolers 0 oo10 0 0 o 0 rIo oo
Liquor 0 co c 0 o o oo eo oc
Coffee, regular or decaf 0 0 0 0 0 0 0 0 0 rTOm 0 o 0
Tea(hotoriced) 0 0 0 0 0(0 ooIo I med,um ,- ,-

.._.. 0
Lemon in tea 0 0 0 0 0 0 0 0 0 tep 0 0 0
Non-dairy creamer
incofleeortea

f

0 0 0 0 C' 0 1tabesp 0 0 0
Cream (real) or Half-and-Half in

coffee or tea 0 0 0 1 0 0 0 0 bSP 0 0
Milkincoffeeortea 0 0 0 010 0 0 0 0 1tacsp 0 0 0
Sugar in coffee or tea 0 0 0 0 0 0 0 C) 0 2 tespOons 0 0 C>

Glasses of water 0 o Q 0 S oz Q 0 0

18. AVERAGE USE LAST YEAR

I

11 1 2 3SUMMARY QUESTIONS ThAN PER PER PER PER PER PER PER
I
PER

a. Howoftendoyouusefatoroil
in cooking? 0 0 0 0 C) 0 0 0

b. About how many servings of
vegetablesdoyoueat,not
counting salad or potatoes? 0 0 0 0 0 o 0 0 0

c. About howmany ser ngs of fruit

do you eat, notcounting juices? 0 0 0 0 0 0 0 0 0
d. About howmany servings of

coki cereal do you eat?
J

0 0 [o oj o o o a

THANK YOU VERYMUCH FOR TAKING THE TIME TO FILL OUT THIS QUESTIONNAIRE
Ptcase take. moment to fifth, sny questions you may have sk4pod

000*00000...R*oo00o00 i 127080
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