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ABSTRACT
Dietary Protein Intake as Measured by a Picture-Sort Food Frequency
Questionnaire and Risk of Osteoporotic Hip Fracture in

Aging Residents of Utah
by

Heidi Jensen Wengreen, Doctor of Philosophy
Utah State University, 2002

Major Professor: Dr. Ronald G. Munger
Department: Nutrition and Food Sciences

Protein is an important component of bone, but the role of dietary protein intake
in osteoporosis remains controversial. The Utah picture-sort food frequency
questionnaire was found to produce a useful estimation of usual dietary intake in the
elderly. This method of dietary assessment was used in a population-based case-control
study to examine the relationship between protein intake and risk of osteoporotic hip
fracture in elderly Utah residents. Analyses of risk of hip fracture across increasing
quartiles of protein intake were stratified by age-group. Higher protein intake was
associated with a reduced risk of hip fracture in men and women aged 50-69 years but did
not appear to increase or decrease risk of hip fracture in those aged 70-89 years. The
relationship appeared to be modified by age. Modification of protein intake late in life

may be a useful means to prevent hip fractures in the elderly.

(198 pages)



ACKNOWLEDGMENTS "

[ wish to extend heartfelt thanks and gratitude to my major professor and mentor,
Dr. Ronald G. Munger. Without his invaluable guidance, assistance, and support,
completion of this dissertation would not have been possible. I would also like to thank
others on my committee, including Drs. Richard Cutler and Chris Corcoran, for their
superior statistical advice and assistance, as well as Drs. Deborah Gustafson, Nedra
Christianson, and Georgia Lauritzen for their vast knowledge and understanding of
human nutrition.

I am also greatly indebted to Ms. Nancy West and Dr. Nancy Sassano as well as
to the many interviewers, data coders, and other staff members of the Utah Study of
Nutrition and Bone Health for their help in gathering, organizing, and cleaning data used
in the analyses of this project.

[ thank my parents for their unconditional love and encouragement. They taught
me by example that through hard work and dedication, goals can be accomplished.

Finally, I am grateful beyond words for my husband, Clay, who without question
has sustained my educational pursuits both emotionally and financially. His continuous
love and support have been and will continue to be the motivating force behind any
success | may claim as a researcher.

The research presented in this publication was sponsored by grant RO1 AR43391
from the U.S. National Institute of Arthritis and Musculoskeletal and Skin Diseases (Dr.
R.G. Munger, P.1.), and funding from the Agricultural Experiment Station and the Office

of the Vice-President for Research of Utah State University.

Heidi Jensen Wengreen



CONTENTS
Page
AB S R AT e e oot e Soemmamomn e e in S e Tee AN e, L Tt R i1
ACKNOWLEDGMENTS ..o v
LIST OF TABILES it corenescarssvssoesnssessssnnosuns sasmbe s e iaesssss somsnssss ssams b sosmss s s samrat vii
LIST O EIGURES t.. 8. 8k et st i oo e s oS b S5 on i o g £ o o ix
CHAPTER
1 INTRODUCTION AND BACKGROUND ....ooiiiiieiiieeeeeeeeeeeeeeeeeeeee e 1
ADSITACT .o e e 1
INtrOAUCTION ..o 1
BUEKOVOIIA . oo roromorsssmmminsmmssersosmmimsmssak s s o S5
Projort OBIBetIVES .. comwisumesinmmusmimrsrmsmsasmmmssessassssss 15
2 1S3 (<) 0 LT 16
2 COMPARISON OF A PICTURE-SORT FOOD FREQUENCY
QUESTIONNAIRE WITH 24-HOUR DIETARY RECALLS
IN AN ELDERLY UTAH POPULATION ..., 20
ADSITACT e 20
INETOAUCTION e 21
Materials and MethodS.....cooovueeiuiee e 29
RESUILS e 28
| B Y7o 15310 ) 3 PSSR PG SO 36
CONCIUSION 1ttt e e 42
RETETEIICES ..ttt eee e, 43
3 DIETARY PROTEIN INTAKE AND RISK OF HIP
FRACTURE IN THE ELDERLY: AREVIEW ... 47
A DSITACT 2. oos g st o ettt ST S s b5 S SR S R S 47
T T O UG TLOTL. <1 et o i ittt o oo e st it it 48
Protein and Calcium Balance............cccoovveviviiiiiiiin. 50
Protein Deficiency in the Elderly.........cccccoviiiiiininnnnnn, 58
Protein Deficiency and Fracture RAsK ...womsssmmamsessmussnss 59
Proteini Requirenients in the BIAErlY < cossenmansesss: 59
Protein Supplementation in Hip Fracture ............c.c..cc.... 63

Protein and Insulin-Like Growth Factor.........cccccceeeeeeee.e.. 65



Observational Studies: Protein Intake and Bone ............... 67
Future Directions Tor Reseateh ..o 72
Summary and Conclusions ...........ccoeeeerieeievieeiieeeiieeiins 74
RETEIBNORS .. .c...ooisreeistidtistuias cnessiasinaensassscronsingossasisnsiansmansanns 75
4 PROTEIN INTAKE AND RISK OF OSTEOPOROTIC
HIP FRACTURE IN ELDERLY RESIDENTS OF UTAH ....coonssomossins 87
BUSHACE. .ovves srnenrmrimonitioniomis riris ssverspensutisilikascingomns bmavisnn 87
INtrOAUCHION. .csvsomisuessnensnssenssasssnsssssssnesonssanssunssnnssassnensasssnns 88
Suibiects antd Methols ..cosmiusnsstimissssis s oo 89
RESULES . csiovitinsunrssmsipmmsimsspmiiissmtismiamis o sssssnsmmas s dssnsanses 93
D S OUEREOHL 110 505,53 o wmn s pmensim b s KRB o g b it o 98
REICIGIIOES ....vscovmes tommsminnshsensuiprarsismusennadipnbubai dennenmen sunidhons 104
5 SUMMARY AND CONCLUSIONS ......ccoooiiieiiiieeeeeeieee e 109
VBTN s sssssmisnnssssmsmnsavasissnsnsins asnt sansamuss msssssoass RRs RIS 109
COTBIUBIONE. . ..o nsssmsessionvsmmesionmimsngonaninsnssssonsadrihoms ammsnnssia 113
APPENDICES
Appendix A. Demographic Characteristics of Participants
10 e TIBNBH . -ucusssusensmmorussenssassansssnsonsisss wssssmss sosssssssssissns s samssnnss 116
Appendix B. USNBH Interview BOOKIES ... scssssssssmommumssonmsmemmssmsen 118
Appendix C. The Utah Picture-Sott FFQ FOm. ... omsscssssmussassammsmmsass 174
Appendix D. COpyTight NOUCE.......commecemesonmsonssnsassosssnssssstonsns sassonnssssssnssssn 179
Appendix E. Release Letters from Coauthors............ccoooiiieiiieeiinnnnnnn 181

CURRICULUM VITAE......c.cimmesresmsmmrsnsssssmnessussrussmesnsossssssanssasnssson vt poxssevssnsass 187



Table

2-1

2-2

2-4

4-1

4-2

vil
LIST OF TABLES

Selected characteristics of participants in the Utah dietary
assessment study; March 1998 to-Apnil 2000 ... comsmmrsmunssnsmmmsmscssns 30

Means and standard deviations of nutrient intakes estimated
from the second administration of the Utah picture-sort food
frequency questionnaire and means of three 24-hour dietary
recalls by age-gender group; March 1998 to December 1999................... 32

Ratios of mean nutrient intakes estimated from the first

administration of the picture-sort food frequency questionnaire

(FFQI) and the second administration of the picture-sort food

frequency questionnaire (FFQ2) .......cooiiriiiiiiiiiiiieiiicieee e

Intraclass correlation coefficients of three 24-hour dietary

recall interviews and Spearman rank correlation coefficients

comparing energy and nutrient intake estimates from the 24-

hour dietary recall interviews and the second administration of

the Utah picture-sort food frequency questionnaire.............ccccceeveevveennnen. 33

Results from human metabolic studies on dietary protein and
DRy CHloTHn EXTEEIIIN .o coimmsnosmmibonsicnsmmmim s SR SSRGS 46

Current recommendations and conclusions from protein
requirenient studies in eldetlst PEOPLE .ciwmmissmissminpsmsinsnmsatsssiisod 60

Reports from observational studies examining the relationship
between protein intake and bone health.............ccoccooiiiiiii 69

Characteristics of 793 cases and 1105 controls by gender;
the Lltah Study of Nutrition and Bone HEaltH . o sosssasmmmmsessusnmssmmses 94

Percentage contribution of food groups to total dietary protein
intake by case-control status and gender; the Utah Study of
Nutrition and Bong Health ..osmmsosmivsers ssaimtamsimbrinmmansmsmsnte s iss s 95

Multivariate adjusted odds ratios for risk of hip fracture in

Utah men and women by quartile of percent energy provided

by total protein (protein % E), stratified by age-group; the

Utah Study of Nutrition and Bone Health..............coccoooiniiiiiiinin 97



A-1

Characteristics of men and women aged 50-89 years in the
Utah Study of Nutrition and Bone Health...........c..cccccooooiiiiiiieeiiiiice.



1X

LIST OF FIGURES
Figure Page
2-1 Sequence of dietary interviews of controls from the
Utah Study of Nutrition and Bone Health who participated
in the follow-up dietary assessment study; March 1998 to April 2000 .....24
4-1 Mean total protein intake as a percent of total energy

(% E) of cases and controls by gender and by age group;
the Utah Study of Nutrition and Bone Health..............cccooviiiiiiiiie 95



CHAPTER 1

INTRODUCTION AND BACKGROUND
Abstract

Osteoporosis and related bone fractures are major health concerns for aging
populations worldwide. Hip fractures are the most clinically serious of all fractures
associated with osteoporosis. Protein is important to bone health but it is unknown
whether optimal dietary protein intake may prevent the incidence of hip fracture. A
population-based case-control study of elderly men and women in Utah was conducted to
examine the relationship between dietary protein intake and other dietary and genetic
factors and risk of hip fracture. Careful consideration of age-related limitations of the
study population led researchers to design a picture-sort food frequency questionnaire
(FFQ) as the method of dietary assessment. The two-step picture-sort FFQ was intended
to estimate usual dietary intakes of respondents who may have physical and cognitive
limitations associated with aging. A substudy designed to examine the validity and
reproducibility of the picture-sort FFQ method was conducted. Strengths, limitations,
and methodologic aspects of food-frequency questionnaires in general and the picture-

sort FFQ in specific are reviewed.

Introduction

Osteoporosis is a major health concern for the elderly in North America and
Europe and is an emerging problem for the elderly of developing countries. Defined as a

condition of low bone mass, microarchitectural deterioration of bone tissue, and
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increased bone fragility, osteoporosis often results in fractures of the forearm, spine, or

hip (1). Hip fractures are the most serious of all osteoporotic fractures and cause excess
mortality and morbidity, decreasing length and quality of life for millions of elders
worldwide (2). The annual cost of treating osteoporotic hip fracture in the U.S. alone is
estimated at 10 - 20 billion dollars and is expected to rise exponentially as the population
ages (2). Careful examination of risk factors associated with this condition may lead to
important new prevention and treatment strategies to decrease the already enormous
burden and cost associated with outcomes related to osteoporosis.

Pathologically osteoporosis may result from inadequate peak bone mass,
excessive bone resorption, or impaired bone formation, each important during different
stages of the lifecycle (3). In addition, fracture risk involves factors that affect the
incidence and severity of falls. Several genetic and environmental risk factors for
osteoporosis and related fractures have been identified. Nutritional factors are among the
most important modifiable factors in the development and maintenance of bone mass and
strength, and thus the prevention of fractures.

Dietary interventions for the prevention and treatment of osteoporosis have long
been focused on calcium, phosphorous, and vitamin D. The mineral content of bone is
roughly 80 - 90% calcium and phosphorous; thus, dietary deficiencies of either result in
reduced bone mineral density (4). Vitamin D influences calcium and phosphorous
metabolism and balance through influences on the bone as well as the intestine and
kidney (4). Although less well studied, other nutrients are also crucial to the formation,
mineralization, and metabolism of bone tissue and may have important implications in

prevention and treatment strategies. Protein, for example, is an important component of



the bone matrix but until recently has not been implicated as a potential risk factor for
osteoporotic fracture.

Several lines of evidence point to a role for dietary protein intake in bone health,
but the relationship between dietary protein and risk of osteoporotic fracture is unclear.
Malnutrition, especially protein-energy malnutrition, is often observed in the elderly and
appears to be more severe in patients with hip fracture than in the general aging
population (1). Less than optimal dietary protein intake may contribute to both the
occurrence and complications of osteoporotic hip fractures in at-risk populations. Protein
supplementation improves medical outcomes of elderly hip fracture patients (5-7), but it
is unclear whether optimal dietary protein intake may prevent the incidence of hip
fracture. Although several population-based observational studies have examined the
relationship between dietary protein intake and risk of hip fracture, their results are
conflicting (8-11). Additional details surrounding the controversy of protein’s role in
bone health and risk of hip fracture are described in Chapter 3.

A population-based case-control study of elderly men and women in Utah, the
Utah Study of Nutrition and Bone Health (USNBH), was designed to further examine the
relationships between dietary protein intake and other nutrition and genetic factors and
risk of hip fracture. The elderly population of Utah was well suited to examine these
relationships due to low rates of co-morbidity, high rates of participation in observational
studies, and high median life expectancy (12-13). The average age of men and women
aged 50 - 89 years who agreed to participate in the USNBH was 75.4 years, most were

Caucasian (96.8%), and a large percentage had at least a high school education (84.1%).



Other demographic characteristics of participants in the USNBH may be found in
Appendix A.

Rates of hip fracture increase exponentially with age for both men and women, so
many study participants were expected to be of advanced age. Furthermore, cases with
recent hip fracture were expected to be frailer than participants of the same age without
hip fracture. Cognitive and physical limitations commonly associated with aging, such as
difficulties in seeing, hearing, and remembering, were carefully considered when
methods for collecting dietary, medical, and demographic data were designed. The
USNBH interview included detailed information on recent and past histories of physical
activity, supplement use, medication use and medical conditions, bone fractures and falls,
alcohol and tobacco use, weight and height, occupations, reproductive history, and
estrogen use in women, as well as a family history of falls and fracture. The USNBH
interview booklet may be found as Appendix B.

One of the first methodologic decisions of any population-based observational
study examining diet-disease relationships is the selection of an appropriate dietary
assessment meihod. Methods of dietary assessment commonly used in large-scale
observational studies to give a measure of usual dietary intake include multiple short-
term dietary recalls, diet histories, food frequency questionnaire, and biochemical
indicators of specific nutrients (14). Selection of a dietary assessment method depends
on the limitations of time, budget, the motivation of participants, and interviewer effort.

The Utah picture-sort food frequency questionnaire (FFQ) was the dietary

assessment method used in the USNBH. The Utah picture-sort FFQ was developed
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specifically for the elderly Utah population as an alternative to the more traditional paper-

and-pencil format FFQ. A substudy testing the validity and reproducibility of the Utah
picture-sort FFQ was conducted in a sample of randomly selected controls from the
USNBH population (Chapter 2). The usual dietary intakes from the average of three
multiple 24-hour recalls were compared to usual dietary intake from two administrations
of the picture-sort FFQ. This validity and reproducibility study was necessary to assess
the performance of the dietary assessment method and the precision to which it would
rank usual dietary intake and identify differences between extremes in dietary intakes.
Information on the selection of this method and the importance of assessing its validity
and reproducibility follow in the background section of this chapter. The picture-sort

FFQ form may be found as Appendix C.

Background

The food frequency questionnaire is often the dietary assessment method of
choice in large-scale epidemiological research to study relationships between diet and
disease. The food frequency method of dietary assessment consists of a list of food items
for which respondents report frequency of consumption in a specified period in the past.
Development of this method for dietary assessment began in the 1950s by Stephanik and
Trulson, Heady, and Marr and others (14). Using diet records collected by British bank
clerks, Heady demonstrated that the frequency of food usage correlated highly with the
total weights of the same foods consumed over a period of several days (14).

In general, feasibility and budget considerations are among reasons investigators

select the FFQ method for use in large studies, but the FFQ is superior to other methods



in other important aspects (15). First, the food frequency questionnaire is designed to
estimate and rank respondents’ usual food intake (16). Because of intra-individual
variability in diet, other methods of assessing usual intake would require collection of
large numbers of 24-hour recalls or diet records that require much more time and money
(15). Second, in food frequency questionnaires respondents are usually asked to simply
report frequency of consumption of a list of food items. These questionnaires can be
easily self-administered in a relatively short amount of time, making the dietary data less
burdensome and less expensive to collect (15). Third, the food frequency questionnaire
is the only method able to measure usual intake in the remote or recent past in a single
administration (15).

Despite its many strengths, the FFQ method has limitations. The FFQ method
sacrifices precision in intake estimates because it measures usual intake over an extended
period of time in one administration (14). Many details of dietary intake are not
measured and quantification of intake is not as accurate as dietary recalls or records (16).
FFQs usually do not collect information for specific food items. Foods are typically
grouped into broad categories and the nutrient value is estimated as an average for all
foods in that group or assigned from the value of one food representing the entire group
(17). Errors in reporting or assuming a standard serving size for groups of foods may
influence nutrient intake estimates considerably (16). In addition, overestimation of total
nutrient intake with longer food lists and underestimation with shorter food lists may not

be identified if the true distribution of intakes for the population under study is unknown

(16).
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As with any research instrument, it is important to evaluate the method’s ability to

provide valid and reliable data in the population of study before such data are used in
analyses of the study objectives. Even small changes in the method’s design may affect
performance, so each dietary assessment instrument should be evaluated for reliability
and validity in the population for which it was designed (14) (18). The reliability of a
method is a measure of the ability of that method to provide consistent results when
applied to the same subjects on several occasions. Validity refers to accuracy and
describes how well a method or instrument measures what it was designed to measure
(19). Reliability is not the same as validity; a method may be reliable without being
valid.

The Utah Hip Fracture picture-sort FFQ was designed to rank individual intakes
of selected nutrients in a population of elderly people in Utah who are 50 years of age or
older. This method, known as the picture-sort FFQ, uses a two-step, partly self-
administered picture-sort format to present the food list and obtain frequency of food

consumption and was first developed by Shiriki Kumanyika for use in the Cardiovascular

Health Study (20).

The picture-sort FFQ method as used in the Cardiovascular Health Study was
validated using one administration of the picture-sort FFQ and six 24-hour recall dietary
interviews. Comparisons and correlations of nutrient intakes estimated by the picture-
sort FFQ and the averaged 24-hour recalls were used for analysis. Adjusted Pearson
correlation coefficients from the data ranged from 0.41 - 0.74 for macronutrients and 0.26
- 0.62 for micronutrients (20-21). It was concluded that the picture-sort method of

administering a food frequency questionnaire gave estimates of mean nutrient intakes
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comparable with estimates based on 24-hour recalls, and correlations with reference data

were similar to those reported in literature for conventionally administered paper-and-
pencil food frequency questionnaires.

Kumanyika et al. (20-21), suggested that structuring the food frequency reporting
technique as a picture-sort may improve ease of response without compromising data
quality. The picture sort method may permit better identification of foods by persons
with impaired vision or poor reading skills as frequently encountered when studying
elderly populations. Because the literacy demand on the respondents is small, this
method may be used on respondents with different reading levels. Including respondents
of all different reading levels in the study, instead of excluding those who cannot read the
directions or food list, may help ensure that the study population represents the actual
population of interest. Having the respondents sort and then review the cards a second
time before reporting frequency may increase respondents’ cognitive orientation to food
recall and help them to give more accurate descriptions of consumption frequencies.

Validation of a diet assessment tool involves the comparison of results obtained
from a test method, here the picture-sort FFQ, to results obtained from an alternative
method of dietary assessment with proven validity. In previous food frequency
validation studies, multiple 24-hour recalls, weighed diet records, and diet histories have
been used as the “gold standard” of dietary assessment, although none is a perfect
comparison model for actual usual dietary intake. As reported in the literature,
correlations among the estimated mean nutrient intakes measured from food frequency
methods and standard dietary assessment methods, including 24-hour recalls, weighed

diet record, and diet histories, commonly range from 0.3 - 0.7 (22). Correlations among



repeat assessments using a food frequency questionnaire are generally higher (0.50 -
0.80) (22). Even though these correlations may seem somewhat low, they are within the
range of validity and repeatability of other biological measures such as blood pressure or
skinfold measurements and are interpreted to be acceptable for determining validity and
reliability (23).

Among the comparison methods for validating a FFQ, diet records are a likely
gold standard (14). Diet records are open-ended, do not depend on memory of the
respondent for accuracy, and allow for direct assessment of portion sizes by measurement
of weight, volume, or dimensions. However, many days of diet records are needed to
represent usual intake of the individual. Pietinen et al. designed a food frequency
questionnaire to estimate usual intake of selected foods among 217 middle-aged men in
Finland and found that a food record covering seven to 14 nonconsecutive days is
necessary to classify usual intake (19). Willett (14) also found that correlations between
FFQs and food record data were highest with four, seven-day records versus correlation
from one, two, or three, seven-day records. Findings from both reports suggest that
longer observation periods for the food records are needed to assess usual intake.
However, because of respondent burden and extreme costs associated with collecting
many days of diet records, this method is infeasible for many large validation studies.

The primary alternative to the use of diet records in validating FFQs is the
collection of multiple 24-hour recalls (14). Using the 24-hour recall method, the
respondent is asked to remember and report all the foods and beverages consumed during
the preceding day. By collecting multiple 24-hour recalls at intervals of approximately

three months on different days of the week, it is possible to obtain a representation of
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long-term average intake correcting for seasonal and day-to-day variations in individuals’

diets. An innate weakness in the 24-hour recall is respondent error in reporting the
previous day’s consumption. As mentioned previously, the marked decline in short-term
memory with age makes the 24-hour recall in the elderly particularly difficult (24).
However, the 24-hour recall takes approximately 20 minutes to complete and can be
administered over the telephone by a trained interviewer (16). Because the 24-hour recall
causes little respondent burden, those willing to complete 24-hour recalls may be more
representative of the population than those willing to do extensive diet recording.
Reported correlations between 24-hour recalls administered by telephone and in-person
interview on different days range from 0.43 to 0.84 (25).

In validation studies of FFQs it is important to account for factors in the design of
the study that may affect correlation coefficients between the test and gold-standard
methods that may lead to false conclusions. Factors to consider include, but are not
limited to, the sequence of administration of the test and gold-standard assessment
methods, the need to adjust nutrient intake scores for total energy intake to correct for
over- or underestimation of intake, the inclusion or exclusion of portion sizes in the food
frequency questionnaire, and the need to analyze the data by gender and age categories.

The sequence of administration of the test and gold-standard dietary assessment 1s
very important. Ideally, the questionnaire being validated should be administered prior to
the assessment of the gold standard for two reasons. First, if the validation study is a sub-
study of a larger study, subjects for whom the validated method is to be used will
encounter the food frequency questionnaire independent of any other dietary assessment

(26). The validation study should mimic this sequence. Second, the completion of one
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method might affect the performance of the other method by drawing respondents’

attention to their diets (27).

Willett et al. (27) studied these issues in a validation study of a 61-item semi-
quantitative FFQ used in a large prospective study among women. Study participants
were asked to record a weighed inventory of their diet for one week, four times during
the year. These data were then compared with the test method administered once at the
beginning and once at the end of the study (27). Results of the second versus the first
FFQ correlated better with the diet records. Correlations ranged from 0.33 for protein to
0.73 for vitamin C for the second administration, compared with 0.18 - 0.53 for the first
administration. These results suggest that increased awareness of diet may have
influenced the second set of responses. If the test method must be administered after the
standard method to meet study objectives, it is suggested that researchers wait 3 to 4
weeks to administer the test method to help minimize the effects of increased awareness
of diet (26).

Another factor of concern in food frequency validation studies is the tendency for
FFQs to overestimate or underestimate average nutrient intakes. Feskanich et al. (8)
reported that in a validation study of a 131-item semi-quantitative food frequency
questionnaire, 127 male participants overestimated their usual consumption of foods
perceived as healthy while underreported their consumption of foods considered to be
less healthy. It was found that dairy food and the food group containing eggs, meat, and
fish were slightly underestimated and that fruits and vegetables were grossly

overestimated by a mean of 85% and 102%, respectively.
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Data from the third National Health and Nutrition Examination Survey (NHANES

III) support the observed trend of underreporting energy intake in population reference
data. The primary dietary assessment instrument used in NHANES III was the 24-hour
recall. Underreporting was assessed by computing a ratio of energy intake to estimated
basal metabolic rate for each participant and then comparing to a population standard
(28). Additional data support the survey’s findings that 18% of men and 28% of women
were classified as underreporting energy intake (28). In a study of persons aged 56 - 81
years, underreporting was found to be higher in women and was associated with adiposity
in older women but not in older men (29).

NHANES III data also suggest that intakes vary according to the day of the week,
with underreporting being greater for nonweekend days. Mean energy intake was higher
in men on Saturday and Sunday and in women on Friday and Saturday (28). Other
findings showed that the mean numbers of meals, snacks, and foods were lower in
underreporters than in those reporting adequate energy intake. This suggests that omitted
foods, meals, and snacks, rather than differences in portion size, may account for the
lower reported intakes (28).

To account for errors in over- or underreporting of total energy intake, Willett et
al. (27) recommended nutrient intake scores be adjusted for total energy intake. Energy-
adjusted correlation coefficients tend to be higher than crude correlation coefficients
because nutrient intakes are better estimated as a proportion rather than an absolute
amount. In the method reported, residuals from regression models are computed with
total caloric intake as the independent variable and the nutrient intake score as the

dependent variable. Residuals are then added to the expected nutrient value for the mean
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caloric intake of the specific age and gender group of participant in the study population
to obtain a score adjusted to the average caloric intake (27). As was previously
mentioned, correlation coefficients tend to be higher for calorie-adjusted intakes than for
absolute intakes. In Willett’s data, unadjusted correlation coefficients ranged from 0.26
for total vitamin A without supplements to 0.73 for Vitamin C and adjusted correlation
coefficients ranged from 0.36 - 0.75 (27). These results are consistent with findings from
other researchers. In a study comparing a FFQ and diet history questionnaire to a 7-day
food record, Jain et al. (30) reported unadjusted correlation coefficients in Toronto,
Canada men from 0.17 for thiamin to 0.70 for calcium and adjusted correlation
coefficients from 0.26 - 0.72.

The importance of collecting data about portion size in addition to the estimation
of FFQ consumption remains controversial. Results from some studies suggest additional
questions about serving size do not appreciably increase correlations between FFQs and
diet records or recalls. Hankin et al. reported a slight increase in correlation with data on
portion size from 0.55 - 0.59 (31). In other studies, as summarized by Willett, similar
small increases were observed from correlations of 0.32 - 0.37, 0.41 - 0.43, 0.49 - 0.54,
and 0.50 - 0.50 (31). It is apparent that the data collected during the interview on portion
size added little to the assessment of nutrient intake in these studies. From historical
research we know that frequency explains most of the variation in total amount of a food
consumed, and that the within-person variation in serving size for nearly all foods is
much greater than the between-person variation in serving size (16) (31). Among a total

of 66 foods examined by Hunter et al., the average ratio of within-person variation to
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between-person variation was approximately 4 (16). Large within-person variation on

usual amounts of foods eaten makes it difficult to assign a usual portion size.

When necessary for quantification of usual nutrient intake, either the investigator
or the participant may specify usual portion size. If specified by the investigator, the
frequency is asked in terms of a specified portion size; if specified by the participant,
usual portion size is stated for each food in addition to frequency of consumption (32).
Whether the subject or the investigator specifies the portion size, the problem remains
that portion sizes for individual foods are condensed into average portion sizes for a
category of foods. Advantages to investigator-specified portion sizes are decreased time,
effort, and cost needed to collect and enter dietary data. Individual report of usual
portion size of each consumed food is unlikely to substantially improve the accuracy of
the FFQ method (14).

Because men and women may respond to questionnaires differently, validation
studies that include both men and women must be analyzed separately (26). If both
genders are analyzed together, correlation coefficients will not represent the relation
between the test method and the gold standard of the two subsets of the population. This
is illustrated by differences in mean zinc intake as estimated by a FFQ compared to a 16-
day weighted inventory in 24 men and 28 women aged 25 - 64 years (26). The
correlation coefficient between the two methods for the entire study population was 0.43.
When data were analyzed separately by gender, correlation coefficients were 0.69 for
women and 0.33 for men.

The FFQ method for assessing diet has many advantages including low cost of

administration, modest demand on participants, and documented validity of measuring
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long-term diet. For these reasons and others it is more commonly the dietary assessment

method of choice in large case-control and cohort studies with increasing use in clinical
research and practice.

Although many improvements have been made in the FFQ method in the past
decade, FFQs are still far from perfect. Researchers should continue to improve
precision and accuracy in this method by conducting reproducibility and validity studies
to assure accurate measures of diet-disease relationships. Accuracy may be improved by
adding additional food items to the questionnaire, collecting detail on portion size, adding
additional open-ended responses to report foods usually eaten but not included in the
food list, and capturing important information on food preparation methods (31).
However, the added time, cost, and respondent burden induced by the addition of these
and other factors must be weighed against the gained information and improvements in
accuracy of information. According to Willett (31), future improvements should focus on
conducting validation studies in diverse populations of age and culture, including
additional biochemical comparisons, and making changes in the questionnaire as the diet

of the population under study changes.

Project Objectives

1. To evaluate the Utah picture-sort food frequency questionnaire for the

measurement of usual dietary intake of elderly study participants, examining

differences by age and gender.

2. To examine associations between total, animal, and vegetable protein intake and

risk of hip fracture in aging residents of Utah.
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CHAPTER 2

COMPARISON OF A PICTURE-SORT FOOD FREQUENCY QUESTIONNAIRE

WITH 24-HOUR DIETARY RECALLS IN AN ELDERLY UTAH POPULATION'?
Abstract

Objective: To evaluate the 137-item Utah picture-sort food frequency questionnaire
(FFQ) in the measurement of usual dietary intake of older adults.

Design: The picture-sort FFQ was administered at baseline and again one year later.
Three seasonal 24-hour dietary recall interviews were collected during the year between
the two FFQs. Mean nutrient intakes were compared between methods and between
administrations of the FFQ.

Setting: The FFQ interviewers were administered in respondents’ homes or care-centers.
The 24-hour diet recalls were conducted by telephone interview.

Subjects: Two-hundred eight men and women ages 55 - 84 years were recruited by
drawing a random sample of controls from a case-control study of nutrition and bone
health in Utah.

Results: After adjustment for total energy intake, median Spearman rank correlation
coefficients between the two picture-sort FFQs were 0.69 for men aged <= 69 years, 0.66
for men aged > 69 years; 0.68 for women aged <= 69 years, and 0.67 for women aged >
69 years. Median correlation coefficients between methods were 0.50 for men <= 69,

0.52 for men > 69; 0.55 for women <= 69, and 0.46 for women > 69.

' Coauthored by Heidi J. Wengreen, Ronald G. Munger, Siew Sun Wong, Nancy A. West, and D. Richard

Cutler.
? Published in Public Health Nutrition, 2001; 4, 961-970. Copyright retained by the authors.
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Conclusions: We report intake correlations between methods and administrations

comparable to those reported in the literature for traditional paper-pencil FFQs and to one
other picture-sort method of FFQ. This dietary assessment method may improve ease and
accuracy of response in this and other populations with low literacy levels, poor memory

skill, impaired hearing, or poor vision.
Introduction

Food-frequency questionnaires (FFQ) are commonly used in epidemiologic

research on diet and disease to rank individuals according to usual nutrient intake 1.

Customarily, using a paper-and-pencil FFQ respondents are asked to report frequency of

consumption for a list of foods 2. However, low literacy levels along with common
cognitive and physical limitations, such as poor memory and impaired vision and hearing,

are often encountered when studying elderly populations and may limit the use of

traditional FFQs in this population 3. Kumanyika et al. 4 developed a picture-sort
method of administering a food frequency questionnaire that may help to improve
accuracy of response in elderly populations by easing respondent burden. We
constructed a picture-sort FFQ, based on the method developed by Kumanyika, for use in
the Utah Study of Nutrition and Bone Health (USNBH), a large statewide case-control
study of the determinants of hip fracture in elderly Utah residents.

The aim of this study was to evaluate the 137-item Utah picture-sort FFQ in the
measurement of usual dietary intake in older adults. We tested relative validity of the
Utah picture-sort FFQ by comparing nutrient intakes reported from the FFQ to a measure

of usual dietary intake. Although dietary recalls and FFQs, both self-report methods, are
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likely to have some degree of correlated error, we used the average of three 24-hour

dietary recall interviews, collected by telephone interview using a multiple pass format,
as a measure of usual dietary intake. This method seemed like a reasonable option to the
more widely used but burdensome dietary records especially when considering the
elderly population of interest in which we may encounter poor literacy skills or low
motivation. To test reproducibility of the method we compared reported nutrient intakes
from two administrations of the picture-sort FFQ taken one year apart.

Although the FFQ has been widely used in diverse populations of middle-aged

adults, its use in the elderly, especially in respondents over the age of 70 years, is

relatively unexplored 27, We examined differences in reports of nutrient intakes using
the picture-sort FFQ between younger and older elderly participants by comparing
agreement between nutrient estimates made from the test and reference method by gender

and age strata (men and women <= 69 years of age, men and women > 69 years of age).

Materials and Methods

Subjects and Design

The Utah Picture-Sort FFQ was developed for use in the USNBH study, which
includes Utah residents with and without hip fractures ages 50 to 89 years. Participants in
the dietary assessment study were selected from controls of the USNBH study and were
invited to participate in the dietary study after completion of the USNBH baseline
interview.

Respondents completed two picture-sort FFQ interviews and three 24-hour

dietary recall interviews over the course of approximately one year. Respondents began
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the study by completing their first FFQ between March 1998 and March 1999 (Figure 2-

1) at the time of their baseline interview for the USNBH. The three 24-hour dietary
recall interviews were collected during the year between the first administration of the
FFQ and the second administration of the FFQ. During the FFQ interview, the
respondent was asked to report frequency of consumption of selected foods during the
previous year. Because of this reference time, the second FFQ was expected to give a
measure of usual dietary intake in the same period of time the three 24-hour recalls were
collected.

The picture-sort FFQs were administered in the home of each respondent by a
trained interviewer and lasted approximately 35 minutes. Trained interviewers also
administered the multiple-pass 24-hour dietary recall interviews by telephone. The
telephone 24-hour recall interviews lasted approximately 25 minutes.

Picture-Sort Food Frequency
Questionnaire

The Utah picture-sort FFQ food list includes 137 food cards containing one or

more food items that were systematically selected from the 126-item Nurses’ Health

Study (NHS) FFQ 8  the National Cancer Institute (NCI) FFQ 9. and a list of commonly
eaten foods as identified in focus groups. A modified version of the 126-item Nurses
Health Study FFQ used in the lTowa Women’s Health Study was administered to
approximately 4500 persons in Cache Valley of Northern Utah. Food items that
contributed less than 1.0% of total mean intake and had an R* factor less than 0.01 of
each of 25 key nutrients, indicating that a food item explained less than 1% of the

variation in intake of 25 key nutrients, were dropped from the subsequent list. This list



March March
Baseline interview and first 1998 1999

administration of the picture-sort
food frequency questionnaire.

June December
1998 1999
March April
Second administration of the 1999 2000

Figure 2-1 Sequence of dietary interviews of controls from the Utah Study of Nutrition and Bone Health who participated in the

follow-up dietary assessment study; March 1998 to April 2000.

124
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was then merged with the NCI FFQ food list and a list of commonly eaten foods as

identified from focus groups. The final food list includes nearly all items from the NCI
list and the NHS list but in slightly different categories that may be more inclusive or
more specific than in other dietary assessment tools.

The picture-sort FFQ method, first developed by Kumanyika for use in the

Cardiovascular Health Study 4,10, is an adaptation of a written FFQ that engages
respondents by having them sort color picture cards into trays representing frequency of
use. The Utah picture-sort FFQ cards developed at Utah State University were laminated
4-inch x 6-inch cards with color photographs of one or more food items. For ease in
respondent sorting, the cards were separated into seven categories: 1) beverages, 2) fruits,
3) vegetables, 4) dairy products, 5) meats, fish egg, and main dishes, 6) cereals and
breads, and 7) snacks, and oils and other foods. In most cases the picture card depicted a
standard size portion of the food or foods placed on a 10-inch dinner plate, in a 6-inch
cereal bowl, or in a 12-ounce glass. Standard portion sizes were also listed on the reverse
side of the card in common household measures (1 cup, 1 medium piece, etc.) for
interviewer reference.

Following the picture-sort method as described by Kumanyika, each respondent
was given categories of picture-cards one at a time and asked to sort them into five trays
according to period of use (i.e., daily, weekly, monthly, yearly, or rarely/never) over the
past year. After all categories of picture cards were sorted, respondents were asked about
specific frequency of use for food items placed in the trays starting with the daily tray and

proceeding to the rarely/never tray.
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We did not ascertain information about vitamin and mineral supplement intake as

part of the picture-sort FFQ method. The Utah picture-sort FFQ was designed to
ascertain information about the frequency of consumption of a list of foods only. In
practice, the picture-sort should be combined with additional questions about the use of
nutritional supplements, food preparation, and other additional questions that may be

pertinent to the research questions.

24-Hour Recalls

The three 24-hour dietary recall interviews were administered approximately
three months apart during the year between the two FFQ interviews to capture seasonal
differences in intake. All 24-hour recalls were administered on random days of the week
and included at least one weekend day (Saturday or Sunday). A two-dimensional

representation of the National Health and Nutrition Examination Survey three-

dimensional food models 11 was mailed to respondents before their first interview.
Participants were instructed to keep the guide near their telephone for use in the
interviews. Telephone interviewers used an adaptation to the multiple-pass dietary recall

collection method originally developed by the US Department of Agriculture (USDA) —
Human Nutrition Information Service (HNIS) 12 6 obtain information about a
respondent’s food intake during the preceding day. Interviewers were trained to probe
for detailed and accurate information on food preparation, food type, and portion size for

each food reported during the recall interview.

Dietary recall interviews were edited for completeness, coded, and entered into

the Food Processor dietary assessment program (Version 7.1, Food Processor Nutrition
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Analysis & Fitness Software, Version 7.1, ESHA Research, Salem, Oregon). The Food

Processor program contained nutrient data from USDA as well as additional sources.
Mean individual nutrient intakes were calculated from the average of the three dietary-
recalls. A nutrient database developed for the picture-sort FFQ food list also used the
Food Processor program. Food selection for food cards which listed more than one food
were made by selecting the most frequently reported food in that category from the coded
24-hour dietary recall interviews. A registered dietitian performed this coding and
selection process. FFQ data were converted to mean daily intakes by transforming all
consumption periods to consumption per day and then multiplying by frequency of use

and weight of the standard serving size.

Statistical Analysis

Means and standard deviations for energy and nutrient intake from food and
beverages excluding nutrition supplements estimated by each of the two picture-sort
FFQs and by the average of the three 24-hour dietary recalls were calculated. Nutrient

intakes were adjusted for total energy intake using the residual method of Willett and

Stampfer 13

Agreement between administrations of the FFQ and between methods was
assessed by calculating Spearman rank and Pearson product-moment correlation
coefficients between the two p.icture-sort FFQs for both crude and energy-adjusted
nutrient intakes. We report Spearman rank correlation coefficients as they correlate rank
order of estimated nutrient intakes between methods and between administrations without

assuming a Gaussian distribution for the nutrient intake in the population. Means,
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standard deviations, and ratio of means for total energy and nutrient intakes estimated by

each of the FFQs and the average of the three-recalls were also calculated. Means were
compared by paired t tests.

In evaluation of agreement between methods the second FFQ was compared to
the average of the three recalls. We used the second FFQ to calculate correlations
because this gave a measure of intake from the same period of time the three 24-hour

recall interviews were obtained.

To assess variability in daily intake, intraclass correlation coefficients for nutrient
estimates from the three 24-hour dietary recall interviews were calculated 14,2 A one-
way random effects analysis of variance model was fit to the data, and the intraclass
correlation coefficient was calculated as the ratio of between-subject variance to total

variance.

All data were analyzed separately by gender and by the four age-gender strata in

Table 2-1. Analyses were performed using SPSS for Windows (version 10, SPSS Inc.,

Chicago, Illinois).
Results

Of those respondents who agreed to participate in the dietary assessment study
217 (75% of both men and women) completed all dietary interviews. Reasons for
dropout from the dietary assessment study included refusal, death, severe illness, or
interviewer inability to locate respondents. Because participants were selected from a

sample of randomly selected controls who previously completed an interview for the
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USNBH, they may represent a population of people more willing to participate in health

related studies than the general aging population of Utah.

A registered dietitian reviewed the FFQs and 24-hour diet recalls of poor quality
identified by comments made by the interviewer at the time of interview. Nine
participants (7 men, 2 women) with implausible reported usual energy intake (<500 or
>3,500 kcal) by either of the two FFQs or by the average of the 24-hour recalls were
excluded from analyses. Characteristics of the remaining 208 participants (103 men, 105
women) are reported in Table 2-1.

Study participants were grouped according to age and gender. The mean age of
study participants was 69 years. Participants who were 69 years old or younger at the
baseline interview were labeled as younger elderly men or women and those greater then
69 years old at the baseline interview were labeled as older elderly men or women.

Most (>90%) of participants in all age-gender groups were white, not of Hispanic
origin, and a high percentage of respondents (>78%) in all age gender categories had at
least a high school education. Females had higher modified adjusted mini-mental
examination scores than males as did younger respondents compared to older
respondents. Adjusted mini-mental examination scores ranged from 21 to 30 for all
respondents.

Body Mass Index (BMI) based on self-reported heights and weights was similar
for both men and women, and older participants had lower BMIs compared to younger
respondents. Fewer women than men, and fewer older participants than younger
participants reported ever regularly or currently smoking cigarettes, or ever regularly or

currently drinking alcohol. A greater percentage of women than men, and older women
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Table 2-1 Selected characteristics of participants in the Utah dietary assessment study;
March 1998 to April 2000.

Men Women

<= 69 years > 69 years <= 69 years > 69 years
Characteristic (n=51) (n=52) (n=54) (n=51)
Age (years) 63* (4.5) 77 (4.4) 61 (4.6) 77 (4.2)
BMI (kg/m?) 28 (5) 27 (4.0) 28 (5.2) 27 (4.4)
Weight (kg) 89 (16) 81 (12.5) 73 (13.5) 69 (12.8)
Height (cm) 180 (6.1) 175 (8.6) 163 (6.1) 160 (6.5)
White, not of Hispanic 96%° 100% 91% 96%
origin
High school graduate 90% 79% 91% 94%
College graduate 35% 27% 15% 18%
Ever taken estrogen - - 81% 59%
Currently taking - - 59% 37%
estrogen
Ever regularly smoked 57% 42% 28% 12%
cigarettes
Currently smokes 14% 2% 9% 2%
cigarettes
Every regularly drank 61% 48% 30% 18%
alcohol
Currently drinks 25% 15% 17% 6%
alcohol
Currently takes a multi 43% 54% 56% 69%
vitamin-mineral
supplement
Currently takes herbal 27% 25% 33% 41%

preparations

? Mean value.
® Standard deviation.
¢ Percent of total participants in each subgroup.
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than younger women reported currently taking multivitamin mineral supplements or

herbal preparations (Table 2-1).

We compared mean energy and nutrient intakes from food and beverages for
macronutrient and selected micronutrients from the second FFQ and the average of three
24-hour dietary recalls by age-gender strata (Table 2-2). Mean nutrient intake estimates

from our 137 item picture-sort FFQ were generally higher than nutrient intake estimates

from traditional and picture-sort FFQs in other elderly populations 10, 15, 16 However,
in the studies referred to above, the foodlists were shorter, which may have an influence
on the estimated intakes measured from the method. Mean intake estimates from the
FFQ were consistently higher than mean intake estimates from the 24-hour dietary
recalls; however, the degree of difference varied by age-gender strata. Several

investigators have also reported greater mean intakes from FFQs as compared to

reference methods - 17, 18,

Differences in mean intakes are reported as ratios of mean nutrient intake
estimates from the FFQ to nutrient intake estimates from the 24-hour dietary recalls and
are included in Table 2-2. The median ratios of mean reported intake were 1.26 in
younger men, 1.25 in older men, 1.23 in younger women, and 1.22 in older women.

Mean energy-adjusted nutrient intakes estimated from food and beverages from
the first FFQ (administered at baseline) and the second FFQ (administered approximately
one year later) were calculated. In general, lower mean energy-adjusted nutrient intakes
were estimated by the second FFQ as compared to the first FFQ for all age-gender groups
except younger men. Mean energy-adjusted intake estimates for younger men, older

men, and older women from the first FFQ and the second FFQ were not significantly



Table 2-2 Means and standard deviations of nutrient intakes estimated from the second administration of the Utah picture-sort food

frequency questionnarie and means of three 24-hour dietary recalls by age-gender group; March 1998 to December 1999
Males

Females
<= 69 years > 69 years <= 69 years > 69 years
FFQ2 24-hr R Ratio” FFQ2 24-hr R Ratio FFQ2 24-hrR Ratio FFQ2 24-hr R Ratio
Calories (kcal) 2586 2187 1.18 2273 1883 1.21 1920 1605 1.20 1960 1520 1.29
(960)° (620) (749) (443) (858) (440) (486) (338)
Percent of total
energy intake as:
Carbohydrates 46 49 .94 49 52 .94 48 51 94 51 53 .96
[Fat 38 35 1.09 37 34 1.09 36 34 1.06 36 33 1.09
Protein 16 16 1.00 15 16 .94 16 16 1.00 15 16 .94
Carbohydrates (g) 299 270 1.11 280 245 1.14 231 203 1.14 252 202 1.25
(109) (100) (88) (65) (75) (64) (74) (56)
Fat (g) 111 85 1311 95 72 1.32 78 61 1.28 79 S5 1.44
(1) (29) (38) (26) (29) (24) (22) (19)
Protein (g) 103 89 1.16 86 75 1.15 81 65 1.25 74 61 121
(39) (27) 37 (32) (30) (18) (22) (16)
Fiber (g) 20 17 1.18 22 20 1.1 17 14 1.21 20 16 1.25
(8) ) (3) (1) (8) (5) (8) (®)
Cholesterol (mg) 372 322 1.16 309 271 1.14 263 220 1.20 242 190 1.27
(197) (159) (176) (142) (122) (102) (83) (90)
Water (g) 3485 2448 1.42 2837 1989 1.43 2996 2109 1.42 2840 1915 1.48
(1380) (906) (818) (591) (1046) (692) (675) (722)
Vitamin A (1U) 9424 6651 1.42 9935 8355 1.19 9550 8724 1.09 10096 8668 1.16
(4820) (4272) (5411) (8344) (6095) (7211) (4297) (6128)
Vitamin D (IU) 423 225 1.88 272 160 1.70 235 139 1.69 257 170 1.51
(1057) (174) (175) (102) (125) (82) CL21) 91
Vitamin C (mg) 119 111 1.07 138 115 1.20 127 92 1.38 146 109 1.34
(65) (80) (57) (66) (80) (50) (78) (46)
Calcium (mg) 1136 893 1:27 1013 814 1.24 982 721 1.36 981 752 1.30
(630) (454) (485) (378) (419) (322) (370) (278)
Alcohol (g) 4 27 1.48 1.1 .99 1.11 1.8 24 75 .10 3 33
(16.6) (12.2) (4.1) (4.6) (6.4) (8.4) 32 (1.7)
Caffeine (mg) 205 142 1.44 72 34 2:12 185 112 1.65 71 41 1573
(234) (301) (102) (61) (457) (192) (115) (88)

*Ratio of mean FFQ to mean 24-hour dietary recall
® Standard deviation

(45
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different from each other for most nutrients. However, in younger women, mean

energy-adjusted intake estimates from the first FFQ and the second FFQ were
considerably different for most nutrients, and 24 of 28 nutrients tested and 10 of 13
nutrients shown in Table 2-3 showed statistically significant differences with p-values
<0.05.

Table 2-3 includes Spearman rank correlation coefficients of selected nutrient
intakes estimated from the first FFQ and the second FFQ. Pearson product moment
correlations were also calculated, with similar results. Spearman rank correlation
coefficients for energy-adjusted nutrients ranged from 0.26 - 0.96 for all age-gender
groups. Younger men had higher correlations for 9 of 13 nutrients when compared to
older men, and younger women had higher correlations for 7 of 13 nutrients. Median
energy-adjusted Spearman rank correlation coefficients for all nutrients by gender and
age-gender groups were 0.69 for younger men (range 0.55 - 0.96), 0.67 for older men
(range 0.50 - 0.95), 0.68 for younger women (range 0.26 - 0.88), and 0.67 for older
women (range 0.44 - 0.87).

Table 2-4 includes Spearman rank order correlations of selected nutrient intakes
estimated from the second FFQ and the average of the three 24-hour dietary recall
interviews for both crude and energy-adjusted nutrient intakes. Pearson product moment
correlations were also calculated, with similar results.

Intraclass correlation coefficients of the three 24-hour dietary recall interviews
were calculated (Table 2-4). Intraclass correlation coefficients of the three 24-hour
dietary recall interviews were similar for all age-gender groups and were somewhat lower

than anticipated, indicating more variability in the three days of dietary recalls than might



Table 2-3 Ratios of mean nutrient intakes estimated from the first administration of the picture-sort food frequency questionnaire
(FFQ1) and the second administration of the picture-sort food frequency questionnaire (FFQ2). Spearman rank order correlation

coefficients (r) comparing energy and nutrient intake estimates from FFQ1 and FFQ2". All nutrients except calories and alcohol were
paring 2 ! p

adjusted for total energy intake

Males Females
<= 69 years > 69 years < 69 years > 69 years
Nutrients Ratio® r Ratio r Ratio T Ratio r
Calories (kcals) 1.05 0.65 0.96 0.58 0.89*** (.72 0.95 0.70
Carbohydrates (g) 1.02 0.61 0.99 0.66 0.87**  0.61 0.95 0.57
Fat (g) 1.07 0.64 0.95 0.70 0.91* 0.72 0.96 0.67
Protein (g) 1.05 0.55 0.94 0.70 0.92%%* 126 0.91* 0.44
Fiber (g) 1.00 0.74 0.96 0.72 0.83**  0.63 0.94* 0.75
Cholesterol (mg) 1.03 0.69 0.96 0.77 0.87* 0.48 0.98 0.64
Water (g) 1.08 0.70 1.01 0.51 0.95* 0.78 0.97 0.67
Vitamin A (IU) 0.94 0.70 0.90 0.50 0.83* 0.66 0.86* 0.46
Vitamin D (IU) (.99 0.61 0.88*** (.58 0.90 0.68 0.94 0.69
Vitamin C (mg) 0.95 0.68 0.93 0.67 0.86* 0.50 0.93 0.62
Calcium (mg) 1.04 0.69 0.95 0.66 089** 0.73 0.94 0.60
Alcohol (g) 1.34 0.96 0.75 0.95 1.03 0.82 0.24 0.87
Caffeine (mg) 1.11 0.88 1.05 0.73 0.96 0.88 0.90 0.85

a Mean nutrient estimates from the second administration of the FFQ/ mean nutrient estimates from the first administration of the FFQ

b Correlations above 0.26 are significantly greater than 0 at p = 0.05
Statistically significant different estimated mean intakes * p < 0.05, **p <0.01, ***p <0.001.
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Table 2-4 Intraclass correlation coefficients of three 24-hour dietary recall interviews and Spearman rank correlation coefficients

comparing energy and nutrient intake estimates from the 24-hour dietary recall interviews and the second administration of the Utah
picture-sort food frequency questionnaire. Correlations reported for unadjusted and energy-
adjusted nutrient intake b

Males Females
<= 69 years > 69 years <= 69 years > 69 years

Nutrients Intracl Unadj Adj® Intracl Unadj Adj Intracl Unadj Adj Intracl Unadj Adj
Calories (kcal) 0.42 0.28 029 0.11 047 0.04 024 0.15

Carbohydrates (g) 047 0.32 040 0.32 0.28 0.53 0.42 0.06 0.55 0.40 0.20 0.41
Fat (g) 0.25 043 032 0.30 0.08 0.53 0.43 0.11 0.48 0.15 0.30 0.46
Protein (g) 0.24 0.09 0.30 0.07 0.29 0.50 0.40 0.02 0.41 0.15 - 021 0.01
Fiber (g) 0.44 035 0.50 0.01 0.39 0.44 033 0.12 0.39 0.45 0.54 0.55
Cholesterol (mg) 0.16 0.34 0.52 0.17 0.34 0.52 0.17 0.28 0.36 0.03 0.06 0.15
Water (g) 0.30 051 0.63 0.30 0.53 0.56 0.37 0.55 0.71 0.31 043 0.58
Vitamin A (IU) 0.10 0.22 0.33 0.16 0.20 0.15 0.20 0.06 0.32 0.06 0.35 0.27
Vitamin D (IU) 0.02 041 0.32 0.51 0.60 0.51 0.35 0.52 0.67 0.12 048 0.51
Vitamin C (mg) 0.32 0.34 0.51 0.35 040 0.43 022 0.54 0.61 0.03 0.42 0.49
Calcium (mg) 0.36 0.29 0.70 0.50 0.59 0.62 0.48 0.41 0.70 0.34 0.32 0.33
Alcohol (g) 0.62 0.64 0.36 046 048 0.26 0.59 0.75 0.50 0.30 043 0.22
Caffeine (mg) 0.15 0.68 0.71 0.68 0.57 0.57 0.51 0.81 0.83 0.77 0.69 0.70

* Adjusted for total energy intake using the method described by Willet et al. B
® Correlations above 0.27 are significantly greater than 0 at p <= 0.05.
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be expected. Ranges of intraclass correlations for all age-gender groups were 0.01 - 0.47

for macronutrients, fiber, and cholesterol; 0.30 - 0.77 for caffeine, alcohol, and water;
0.02 - 0.51 for micronutrients. Intraclass correlations were lowest for fiber in older men
(0.01) and highest for caffeine in older women (0.77).

Adjusting nutrient intake by the regression method reported by Willett and

Stampfer 13 to obtain a measure of nutrient intake independent of total caloric intake
improved correlation coefficients for most nutrients in all age-gender groups. Energy-
adjusted correlation coefficients ranged from 0.01 - 0.55 for macronutrients, fiber, and
cholesterol; 0.22 - 0.83 for caffeine, alcohol, and water; and 0.15 - 0.70 for
micronutrients. Younger men and older men had similar energy-adjusted correlations
(median = 0.50, range = 0.30 - 0.71 for younger men; median = 0.52, range = 0.15 - 0.62
for older men). However, younger women had stronger energy-adjusted correlations than
older women (median = 0.55, range = 0.32 - 0.83 in younger women; median = 0.46,
range = 0.01 - 0.70 for older women). Lower energy-adjusted correlations, defined here
as correlations less than 0.3, were identified in older men for vitamin A and alcohol, and
in older women for protein, cholesterol, vitamin A, and alcohol. No energy-adjusted
correlation coefficients less than 0.30 were identified in either younger men or younger

wOomeil.

Discussion

In this study three 24-hour dietary recalls and two picture-sort FFQs were used to
assess the ability of the FFQ to discriminate among individuals’ usual dietary intake, with

reproducible results from an elderly population in Utah. It is well understood that no
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known dietary assessment method gives a perfect measure of diet; however, some

methods are considered more accurate than others and can be used as a comparison to test

methods in validation studies 2. Here the average of three 24-hour dietary recalls
collected by telephone approximately three months apart over one year’s time were used
to represent estimated usual intake. We chose the 24-hour dietary recall method for
comparison because of its low cost, ease of administration by telephone, and relatively
small respondent burden. Also, because an interviewer asks the questions and records
each response, people with low literacy levels or problems with vision were not excluded.
With these strengths in mind we expected that those agreeing to the validation study
would be more representative of the total population than those who might agree to a
more intense method of assessment would, such as weighed food records or lengthy diet
histories.

We recognize several weaknesses of the telephone 24-hour dietary recall method
when used as a reference method for validation studies. First, a few days of recall may
not reflect a person’s true usual intake. Second, the accuracy of the interview relies
heavily on the short-term memory of the respondent. Third, because it is also a self-report
method of dietary assessment as is the FFQ, the within-person error may be correlated to
the within-person error of the FFQ. Unidentified correlated error between methods may

falsely elevate correlation coefficients and lead to assumptions of better agreement

between the reference method and test method than is warranted 19.
By calculating intraclass correlation coefficients using the three 24-hour dietary
recall interviews we identified an unexpectedly high degree of variability in daily intake

of some nutrients. The recall interviews were purposely spaced approximately 3 months
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apart to pick up seasonal variation in diet so some measure of variability was anticipated:;

however; the degree of variability was greater than expected.
Some may argue that telephone interviews may not give acceptable results in this

population because of common physical limitations such as hearing loss. However,

Dubois and Boivin 20 concluded after comparing telephone recalls of midday meals
consumed by elderly people at congregate meal sites with data on actual intake for the
meals that dietary recall collected by telephone is an acceptable way to obtain short-term
dietary data from elderly subjects.

Mean intakes from the average of the three telephone 24-hour dietary recalls were

similar to reported intakes of younger and older respondents 66 - 100 years old in a

similar study comparing multiple 24-hour dietary recalls to picture-sort FFQs 10. Mean

intakes estimated from our 137-item picture-sort FFQ were higher than those reported by

Kumanyika et al. 10, who used a similar 99-item picture-sort FFQ method 15, Adjusting
nutrient intake to give a measure of intake independent of total caloric intake may aid in
the comparison of correlation coefficients from our study to other studies that compare
results from different dietary assessment methods. Inaccuracies in estimated absolute
nutrient intake from FFQs may come from incomplete listing of possible foods, or errors
in frequency and portion size estimation.

We calculated the ratio of mean nutrient intake reported from the second FFQ to
the average mean nutrient intake reported from the 24-hour dietary recall interviews to
evaluate the agreement of mean estimated energy and nutrient intakes between dietary
assessment methods. Although ratios of mean intake were large for some nutrients in

some age-gender groups, the percent of calories from carbohydrate, protein, and fat were
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similar between methods for all age-gender groups and to those reported for elderly

people in the 1987 National Health Interview Survey 13. Reports of ratios between our

reference method and picture-sort FFQ were similar to results found by Larkin et al. 18,
who used a 116-item FFQ, which also included a sorting process. Nutrients with ratios
furthest from one in all age-gender groups were vitamin D and caffeine. This may be due
to underreporting in the 24-hour dietary recalls or overreporting in the picture-sort FFQ
of single food items such as milk and coffee. Milk provided the majority of vitamin D
intake in all age-gender groups (34% in men <= 69, 45% in men > 69, 54% in women <=
69, 54% in women > 69). Similarly, coffee provides the majority of caffeine intake in all
age-gender groups (73% in men <= 69, 65% in men > 69, 84% in women <= 69, 80% in
women > 69). The ratio of alcohol intake was significantly less than one for both
younger and older women (0.75, 0.33, respectively), indicating that women may under-
report alcohol intake using the picture-sort FFQ.

Reproducibility of the picture-sort FFQ, as evaluated by energy-adjusted
Spearman rank-order correlation coefficients and the ratio of energy-adjusted mean
nutrient estimates from repeat administrations of the FFQ, for all age-gender groups, was
relatively high. Spearman rank energy-adjusted correlation coefficients for all nutrients
across age-gender groups ranged from 0.26 - 0.96. With the exception of protein in

younger women, these correlations are generally as strong as or stronger than correlations
reported by other researchers assessing reproducibility of FFQs 6,17,21,22,
Correlations evaluating repeatability of FFQs, reported by researchers such as Willett 6,

Munger 21 Lazarus 22, Mares-Perlman 23, and Klipstein-Grobusch 17, range from 0.41

- 0.99 for nutrients we assessed in our study.
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Estimates of alcohol and caffeine intake had the strongest correlations between

the first and second administrations of the picture-sort FFQ. This finding is consistent

with results reported by Munger 21, Klipstein-Grobusch 17 and Mares-Perlman 23 and
may be due to the low variability in the use of foods containing alcohol and caffeine.

We used Spearman rank correlation coefficients and ratios of the mean of three
24-hour dietary recalls and the second picture-sort FFQ to evaluate relative validity of the
Utah Picture-sort FFQ. Energy-adjustment improved correlations for most nutrients, with
the exception of alcohol. In this population where 79% of women and 82% of men
reported no alcohol intake from any dietary assessment interview, alcohol and total
energy intake were poorly correlated (r = 0.140 in men, r = 0.098 in women), and energy-
adjustment of alcohol atttenuates the correlation. Because of the lack of association
between alcohol intake and total energy intake, it may be more appropriate to use
unadjusted correlations when evaluating repeatability and validity of report of alcohol
intake using the picture-sort FFQ.

After energy-adjustment for all nutrients with the exception of alcohol, nutrient
correlations ranged from 0.01 - 0.55 (median = 0.45) for macronutrients, fiber, and
cholesterol; 0.43 - 0.83 (median = 0.64) for alcohol, caffeine, and water; and 0.15 - 0.70
(median = 0.50) for micronutrients across all age-gender groups. In general, with the
exception of protein in older women, correlation coefficients from our study were within

the range of correlation coefficients reported from other studies comparing typical paper-

and-pencil FFQs to a reference dietary assessment method 21,6, 17,24 Correlations

evaluating relative validity of paper-and-pencil FFQs, reported by researchers such as

Willett ©, Munger 21, Grootenhuis 24, Mares-Perlman 23 and Klipstein-Grobusch 17,
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range from 0.14 - 0.83 for nutrients we assessed in our study. Correlation coefficients

reported by Kumanyika et al. 10, who also compared a picture-sort FFQ to multiple
dietary recalls in an elderly population, found correlations with ranges from 0.22 - 0.61
for macronutrients, fiber, and cholesterol; and 0.18 - 0.58 for micronutrients. Alcohol,
caffeine, and water were not studied. As compared to Kumanyika’s study, we report
somewhat lower correlations for macronutrients and higher correlations for
micronutrients.

Although correlations from our study did include ranges with lower limits, these
lower correlations were seen only in older men and women > 69 years. This may suggest
that respondents’ ability to accurately report usual intake with our picture-sort FFQ and
possibly with other dietary assessment methods, including 24-hour dietary recalls, may
progressively decrease with age.

Calculating correlation coefficients and other statistics by age-gender strata
enabled us to assess differences by gender as well as differences between respondents
<= 69 years and those > 69 years within gender. Differences between age-gender groups
were noted for statistics used to compare mean nutrient estimates and to assess
reproducibility and validity. In general, it appears that younger respondents (<= 69
years) may report usual nutrient intake by using the picture-sort FFQ slightly more
accurately than do older respondents (> 69 years). Because of known physical and
cognitive limitations that naturally occur with increasing age, this is not surprising.
Limitations imposed on respondents as they age may hinder their ability to accurately
report nutrient intakes using any dietary assessment method. Although we report lower

correlations between methods and administrations for respondents > 69 years as
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compared to respondents <= 69 years, we believe these same differences may be

identified in other elderly populations by using other dietary assessment methods. This
difference in ability to accurately report nutrient intake may not be a function of the
picture-sort FFQ method but rather a function of problems and limitations associated with
increasing age. Further study should be conducted on repeatability and validity of dietary
assessment methods for elderly populations extending the upper age groups to include
those in their eighties and nineties and then comparing performance between subgroups

of elderly men and women based on age.
Conclusion

Our data suggest that structuring the FFQ as a two-step process of sorting food
picture cards into period of use and then reporting frequency of use per period gives a
useful measure of usual dietary intake. Correlation coefficients comparing the Utah
picture-sort FFQ to a measure of usual dietary intake were comparable to correlation
coefficients reported in other validation studies comparing traditional FFQs as well as
other picture-sort FFQs to reference methods. Although we did not conduct formal
process evaluations, we believe picture cards may allow better identification of foods in
respondents with poor reading skills or impaired vision, and that the sorting process itself
may improve cognitive orientation to the task of assigning accurate frequency of use to
specific foods. Research on using cognitive interviewing to improve FFQs suggests that

the manipulation of cards may positively influence the response process by providing

visual, tactile, and motor involvement 25 Inthe future, it would be helpful to conduct

formal tests of process and sensory evaluation between a picture-sort FFQ and a
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traditional paper-and-pencil FFQ. Results from such process and sensory evaluations

may make it clearer whether the picture-sort FFQ offers a significant advantage over

traditional FFQs in populations where poor vision or limited literacy and language skills

are comimaon.
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CHAPTER 3

DIETARY PROTEIN INTAKE AND RISK OF HIP FRACTURE IN

THE ELDERLY: A REVIEW
Abstract

Osteoporosis, characterized by low bone mass and structural deterioration of bone
tissue, is a major public health threat. Hip fractures are the most serious of all fractures
related to osteoporosis and cause disability and excess mortality in the elderly. Although
protein has received less attention in research pertaining to osteoporosis than other
nutrients, it appears to play an important role in bone health and thus risk of hip fracture.
Protein intake increases urinary calcium excretion, yet in the presence of adequate dietary
calcium intake may not disrupt calcium balance. Protein is an important component of
the bone matrix, and protein supplementation improves medical outcomes and levels of
insulin-like growth factor-1 (IGF-1) after hip fracture in the elderly. IGF-1, known to be
osteotrophic, decreases with age and with protein-depletion. However, results from
observational studies are controversial and while some report negative associations
between protein intake and risk of hip fracture others do not. Future directions in research
pertaining to protein’s role in bone health, including examination of source of protein
intake by food groups, and specific amino acids implicated in bone metabolism, may help
to clarify the relationship. Although confounders in the relationship make the association
less clear, current evidence suggests that higher dietary protein intake from varied food
sources may be more beneficial than harmful in the elderly who are at increased risk for

bone loss and associated hip fractures.
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Introduction

Osteoporosis, a disease characterized by low bone mass and structural
deterioration of bone tissue, leading to bone fragility and an increased susceptibility to
fracture, is a major global public health threat. Seventy percent of all fractures in persons
aged 45 years or over are due to osteoporosis (1). Although osteoporotic fractures have
plagued the elderly of industrialized countries in North America and Europe for decades,
they also pose an emerging problem in developing countries of Africa and Asia (1). The
aging of populations worldwide will inevitably raise the already enormous financial and
health-related costs associated with osteoporotic fractures.

Hip fractures are the most serious of all osteoporotic fractures (2). It is estimated
that 90% of hip fractures occur in men and women with reduced bone strength who fall
from a standing height or less (1) (2). Osteoporotic hip fracture is often thought of as a
condition of aging women, but hip fracture rates increase exponentially with age for both
men and women. Because there are more elderly women than men, about 80% of all hip
fractures occur in women although age-specific incidence rates of men lag those of
women by only five to seven years (1) (2). The estimated lifetime risk of suffering a hip
fracture is 6.0% in white men and 17.5% in white women (3).

Adverse outcomes of osteoporotic hip fractures are associated with morbidity,
mortality, and economic cost. One year after hip fracture, 40% of patients cannot walk
alone, 60% have difficulty with at least one essential activity of daily living, 27% have
been admitted to a nursing home for the first time, and 20% have died (4). Ultimately up
to one third of all people who suffer from a hip fracture become totally dependent and

many require lifetime institutionalization (1). Nursing home care is extremely costly and
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accounts for approximately half of the direct cost of hip fracture in the United States,

estimated at 10 - 20 billion dollars annually (1) (5). The constant aging of the population
is expected to drive the annual direct cost of hip fracture in the United States to near 240
billion dollars within the next 50 years (5).

Osteoporosis has been described as a continuum, not a sudden event, and many
modifiable and unmodifiable risk factors play a role in its etiology through the life-cycle.
Risk factors for osteoporosis can also be implicated as risk factors for hip fracture and
most involve pathways associated with increased skeletal fragility and decreased bone
mineral density (BMD) or increased risk of fall-related trauma (2). Identified un-
modifiable risk factors for osteoporosis include: white race, female gender, family history
and small body frame (6). Modifiable risk factors include: cigarette smoking, excessive
caffeine and alcohol intake, and low physical activity (6).

Several nutrition-related factors are also among modifiable risk factors for
osteoporosis and related hip fracture. Dietary interventions for the prevention and
treatment of osteoporosis have long been focused on a few select nutrients including
calcium, phosphorous, and vitamin D. Other nutrients, including protein, have been less
well studied but may also play an important role in bone health and thus risk of fracture.

A growing body of evidence supports the hypothesis that dietary protein plays an
important role in bone health, although the role of dietary protein in risk of hip fracture
remains controversial. Protein is an important component of the bone matrix upon which
bone mineralization occurs (7). Protein-energy malnutrition (PEM) is common among
elderly hip fracture patients, and medical outcomes after hip fracture improve with

protein supplementation. Dietary recommendations for protein intake in the elderly are
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debatable, and current recommendations may not meet needs. Some (8-11), but not all

(12), observational studies found a positive association between protein intake and bone
mineral density, yet several (13-15), but not all (16), report higher fracture rates in groups
with high intakes of protein. Protein intake may be related to calcium balance and
increased protein intake may increase urinary calcium loss. In this paper, literature
surrounding these avenues by which protein may be related to risk of hip fracture in the
elderly will be reviewed, and areas of further research that may help to clarify this

complex and perplexing relationship will be proposed.

Protein and Calcium Balance

Human Studies

In early research pertaining to bone health protein was viewed largely in terms of
how it influences calcium balance. It has long been known that dietary protein intake and
calcium balance are interrelated. As early as 1942 researchers found a positive correlation
between protein intake and retained calcium (17). Dietary restrictions in Great Britain
during World War II led researchers to study the effect of dietary rationing on calcium
deficiency. They found volunteers who consumed low levels of protein (45 - 70 grams)
had lower calcium absorption (2.8 - 8.1%) than when the same volunteers consumed
higher levels of protein (100 - 130 grams). In this somewhat crude study, higher levels of
dietary protein boosted calcium absorption to as much as 16.9%. Although early
researchers also observed an increased urinary excretion of calcium at high levels of

protein, this phenomenon was not explored until later.
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In 1968 Wachman and Bernstein put forth the hypothesis that diets high in meat

and animal protein elevate metabolic acid production and lead to chronic bone buffering
and loss (18). In the 1970°s and 1980’s serious attention was given to this possibility, and
several animal and human studies were published examining the effects of excessive
dietary protein intake on bone (Table 3-1). Many early metabolic studies were short-term
(15-days), enrolled young adult males, and altered the diet by increasing protein intake to
higher than normal levels by addition of purified protein supplements (19-21). Although
results are often compared between studies, many factors such as the amount and source
of protein, calcium, and phosphorous provided are highly variable between studies. All
published studies from Johnson et al., Walter et al., and Anand et al., report increased
urinary calcium excretion with high (141-142 g/day) purified-protein diets. In a study
maintaining calcium intake at 1400 mg and increasing protein intake to 141 g/day,
calcium absorption appeared to be increased (19); however, in similar studies maintaining
calcium intake at 800 mg/day (20) and 500 mg/day (21) an increase in calcium absorption
was not observed. Heaney and Recker (22) aggregated data from 11 experiments, all of
which increased protein intake from isolate protein sources, examined the relationship of
relative urinary calcium excretion to relative protein intake and found a doubling of
protein intake produced about a 50% increase in urinary calcium excretion.

Amount of calcium intake may play a critical role in overall calcium balance
during periods of high protein intake. A negative calcium balance was observed in
subjects consuming diets including 500 mg of calcium and 95 g of protein (20) but not in
subjects consuming diets including 800 mg of calcium and 95 g of protein (21). The

degree to which urinary calcium excretion adversely affects bone may in part depend on



Table 3-1
Results from human metabolic studies on dietary protein and urinary calcium excretion
Protein intake

Urinary calcium Calcium

(gm protein/day) mg/day balance mg/day
Study Calcium
duration, Low High intake Low High Low High
Authors Subjects days Protein source  intake  intake = mg/day protein protein protein protein
Johnson,  Young adult 15 Purified protein 48 141 1400 175 338 10 -84
1970 (19) males
Walker, Young adult 15 Purified protein 95 142 800 303 426 1 -85
1972 (20) males
Anand, Young adult 15 Purified protein 95 142 500 240 301 -58 -120
1974 (21) males
Spencer,  Adult males 36-45  Meat 88 132 1100 34 50 166 210
1978 (27)
Allen, 1979  Adult males 47 Purified protein 75 225 1400 191 277 -37 -137
(24)
Scheutte,  Elderly men 12 Purified protein 46 112 800 102 188 8 -66
1980 (42)  and women
Spencer,  Adult males 78-132  Meat 76 142 800 188 181 -15 4
1983 (28)

(&S
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level of calcium intake, and Heaney proposed that a ratio of 1 g protein to 20 mg calcium

may protect against the bone loss associated with high protein diets (23)

Early metabolic studies conducted on young adult males over short periods of
time say little about protein’s long-term effect on bone health or its effect in female and
aging populations. In a longer term (105 day) metabolic study, young men and women
fed high isolate protein diets (36g/day Nitrogen) including 1400 mg calcium had
increased urinary calcium excretion that did not decline after time (24). Contrary to
previous reports (17, 19), there were no differences in the absorption of calcium for
subjects consuming long-term adequate or high protein diets. Osteoporotic patients
receiving high purified protein diets (2 g/kg/day) had increased urinary calcium and
negative calcium balance without change in calcium absorption (25). A significant
positive correlation between daily urinary excretion of calcium and protein intake,
especially animal protein intake, was observed in a cross-sectional study of healthy
elderly adults in Japan (aged 50 - 79 years) (26).

As illustrated above human metabolic studies generally indicate addition of
purified proteins to a diet increases urinary calcium excretion and may result in bone loss.
However, the effect of increasing protein intake from real food sources may have a
different effect on calcium metabolism. Other nutrients commonly found in foods high in
protein and not in isolate protein supplements, such as phosphorous and calcium, may
blunt the effect of protein on urinary calcium excretion.

Longer term studies of Spencer et al. (27) examined the effect high protein intake
from meat (2 g/day) had on calcium metabolism in the presence of different dietary

calcium intakes in older adult males (40 - 67 years old). As was speculated, the increase
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in urinary calcium as previously observed with addition of protein isolates was blunted,

and high protein intake obtained from meat in the presence of low (200 mg/day), normal
(800 mg/day), or high (>=1100 mg/day) calcium intake did not significantly increase
long-term urinary calcium excretion. Additionally, results from these and one other
similar study (28) found neither calcium absorption nor balance were affected by protein
intake when the protein was obtained from meat or other food sources.

Pannemans et al. (29) studied the effect of increasing dietary protein from 12% -
20% of total energy on urinary calcium excretion in elderly males. Urinary calcium
excretion was not different during the normal and high protein diets, and calcium balance
during the high protein diet was improved over calcium balance during the normal
protein diet. High-protein intake of 2 g/kg/day obtained in an equal ratio of animal to
vegetable protein did not increase urinary calcium excretion in elderly male volunteers 66
- 88 years of age (30). In a metabolic study of older women 41 - 70 years of age, high
meat consumption did not compromise calcium balance or increase urinary calcium
excretion (31). These and other studies finding no increase in urinary calcium excretion
from high protein diets of food sources stimulated additional interest in defining the
mechanism of action for protein induced calciuria and the importance of phosphorus and

calcium as modulating elements in calcium balance.

Animal Studies

In addition to the human studies discussed above, several animal studies of rats
and mice have been conducted to examine the effect of high protein intake on calcium
balance and bone metabolism (32-35). Most studies conclude that unlike humans, bone

homeostasis in adult rodents is not sensitive to excess protein. Although high protein
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intakes induced increases in urinary calcium excretion, fractional loss of endogenous

calcium was reduced and bone homeostasis was conserved (32) (35). Therefore, rodents

may not be the model of choice for studying protein-induced bone loss in humans.

Acid-Ash Osteoporosis Hypothesis

Wachman and Bernstein proposed that a long-term high protein intake may lead
to metabolic acidosis resulting in increased bone resorption, release of calcium from
bones, increased urinary calcium excretion, and eventually in the development of
osteoporosis (18). Endogenous acid produced by the metabolism of high protein foods
correlates with urinary calcium excretion (36).

The average American diet, high in protein and low in fruits and vegetables,
generates over 100 mEq of acid daily in the forms of phosphate and sulfate (37). Whiting
and Draper (32) found a linear relationship between urinary calcium and sulfate excretion
in rats and hypothesized that the variability in the calciuretic response to different protein
intakes was mainly related to differences in the content of sulfur containing amino acids.
However, in a human study the addition of sulfur containing amino acids to a low protein
diet in the amount contributed by a high protein diet accounted for only 43% of the
increase in urinary calcium observed with the high protein diet (38).

Neutralization of endogenous acid may improve calcium balance and reduce bone
resorption. In a study of postmenopausal women, potassium bicarbonate neutralized
endogenous acid and improved calcium balance reducing bone resorption (36). Diets
high in foods with a positive potential renal acid load (fish, meat, grain products, and
cheese) cause bone loss by inducing mobilization of calcium from bone, but foods with a

negative potential renal acid load (milk, non-cheese dairy products, fruits, vegetables)
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produce alkali-ash, neutralize acid-ash and prevent calcium mobilization from bone (37).

From the study of Dietary Approaches to Stop Hypertension (DASH) we learn that
increasing fruit and vegetable intake from 3.6 - 9.5 daily servings significantly decreased
urinary calcium excretion when protein was held at a constant percent of energy (39).
This decrease in urinary calcium excretion may be a direct result of increased production
of alkali-ash from the addition of fruits and vegetables.

Mechanisms of Protein Induced
Hypercalciuria

There is little doubt that increasing dietary protein in the form of purified protein
stimulates increased urinary calcium excretion. Possible mechanisms for this response
include enhanced intestinal absorption of calcium, increased glomerular filtration rates,
and inhibition of renal tubular reabsorption (27) (40-42).

Although increasing protein from low to adequate intake has been documented to
increase calcium absorption (17), there is little evidence to conclude that increasing
protein intake from adequate to high intake has the same effect. Heaney (43) recently
reported an absence of relation between calcium absorption efficiency and protein intake
in adult women consuming 0.4 - 1.96 grams protein/kg/day and concluded that because
protein increased urinary calcium loss without an increase in absorption, overall calcium
loss may result. Whether this effect results in negative calcium balance depends on the
amount of calcium in the diet (20-21). In a longitudinal study of bone health in young
adult women, rate of gain in bone density was positively correlated with ratio of dietary
calcium to protein (44). Furthermore, increased protein in self-selected diets is usually

accompanied by increased calcium (45). Some believe a dietary calcium-to-protein ratio



57
of > 20 mg calcium to one g protein may provide adequate protection against calcium

loss from the skeleton (23) (43).

Dietary protein affects the renal handling of calcium and is associated with
increased urinary calcium excretion. High protein diets increase glomerular filtration rate
and decrease tubular calcium reabsorption in the nephron (24) (40) (46). Phosphorous,
on the other hand, increases tubular reabsorption and consequently decreases urinary
calcium excretion (47). Decreased tubular calcium reabsorption accompanying high
protein intake may be due to the effects of an increased acid-ash load on the renal tubular
cells (42). Kim and Linkswiler (46) reported that in the presence of a high protein diet,
glomerular filtration rate increased by 10% and renal tubular reabsorption of calcium

decreased by 1%.

Summary

Variation in the design of studies examining the effect of dietary protein intake on
calcium metabolism and bone health makes it difficult to compare results between
studies. Variables of interest that may affect protein’s relationship to calcium and bone
metabolism include source of protein, duration of the study, characteristics of the study
population, levels of calcium, phosphorous, sodium, and fruit and vegetable intakes, as
well as a host of other confounders. Conclusions must be drawn with caution. Protein
does appear to increase urinary calcium excretion although other nutrients found in foods
containing protein may modify protein’s affect on calcium and bone metabolism.
Furthermore, interactions between protein intake and other nutrients such as calcium and

phosphorous, or other risk factors such as age, physical activity, and estrogen use may
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cloud the association between protein intake and calcium balance, bone health,

osteoporosis, and risk of hip fracture.
Protein Deficiency in the Elderly

Malnutrition or under-nutrition is often observed in the elderly (48-50) and may
be more prevalent in people with hip fracture than in the general aging population (11)
(51-52). Wilson et al. (49) identified undernutrition in 11% of elderly persons attending
hospital outpatient clinics; Jensen et al. (53) observed malnutrition in 59% of elderly
patients admitted to a hospital for hip fracture. Other studies have reported similar
findings (54-57). Age related factors which may inhibit the elderly’s ability to meet
nutritional requirements include a decline in physical activity leading to reduced food
intake, a decline in nutrient absorption efficiency and renal conservation of nutrients, as
well as changes in socioeconomic status, taste, appetite, and the ability to cut and chew
foods such as meat and raw fruits and vegetables (48).

Protein is the most common nutrient deficiency in persons 65 years of age or
older (51), and protein-energy malnutrition (PEM) is the deficiency observed most often
in patients with hip fracture (53) (58-59). Levels of serum albumin along with serum
prealbumin, transferrin, insulin-like growth factor 1 (IGF-1), and total lymphocyte count
are often used as markers for protein status (54-55). Hip fracture patients with low serum
albumin levels had higher rates of mortality (59) and longer than average hospital stays
(60) than did patients with normal serum albumin levels. In one observational study, very
thin, undernourished elderly hip fracture patients with low serum albumin levels had four

times the mortality rate as the same aged well-nourished hip fracture patients (61).
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Protein depletion in hip fracture patients is correlated with complications such as poor

healing, infection, delayed physical rehabilitation, and increased mortality (53) (55).
Protein Deficiency and Fracture Risk

Although deficiencies of other nutrients such as calcium, phosphorous, and
vitamin D are often implicated in the pathology of bone loss, deficiency of protein may
be particularly important in relation to the risk of hip fracture (58) (62). Hospitalized
elderly patients whose protein intakes were greater than 1 g/kg/day had higher BMD than
the same aged patients whose protein intakes were less than 1 g/kg/day (11).

Protein is crucial to the structure of bone matrix, and dietary protein deficiency
could negatively affect the balance between bone formation and bone resorption (51). In
aged rats, a reduction in dietary protein intake decreased bone density, mass, and strength
in both cancellous and cortical bone (63). Protein deficiency may also contribute to the
occurrence of hip fracture by impairing movement coordination, diminishing the
protective layer of soft tissue padding, and reducing muscle strength, all of which may

increase propensity to suffer a fracture due to a fall (58) (64-65).
Protein Requirements in the Elderly

Although many agree that elderly people are at increased risk for protein-energy-
malnutrition (PEM), with the prevalence well documented in hospitalized patients, much
debate exists regarding recommendations for protein requirements in the elderly. Current
research may indicate protein needs in later years are greater than current standard

recommendations (Table 3-2). The current Recommended Dietary Allowance (RDA) for
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protein, 0.8 g protein/kg/day, was set as the safe and adequate intake for virtually all

healthy men and women aged 19 years and older (66). The 1985 FAO/WHO/UNU
consultation also suggested that protein needs are similar in elderly and young adults and
estimated the mean protein requirement for all adults to be 0.6 grams/kg/day (67). After
traditional upward adjustment of the mean requirement, 0.75 grams protein/kg/day was
set as the safe level of intake estimated to meet metabolic needs of 97.5% of adults across

the world aged 19 years or older (67).

Table 3-2
Current recommendations and conclusions from protein requirement studies in elderly

people

Estimated mean protein requirement

1985 FAO/WHO/UNO 0.6
1989 RDA 0.75
Conclusion based on 1985
Original conclusion from FAO/WHO/UNU
Investigators authors calculations

Castaneda et al., 1995 (76) >0.8 Same
Campbell et al., 1994 (73) 1.00 1.00
Gersovitz et al., 1982 (70) >().8 Same
Zanni et al., 1979 (68) 0.46 0.65
Cheng et al., 1978 (69) 0.77 0.93

Recommendations for protein requirements in the elderly were made in light of
several limitations pertaining to the research studying nitrogen balance in older people.
At the time current recommendations were set, few studies had been conducted on elderly
people, and results from existing studies were conflicting with estimated mean protein
requirements ranging from 0.46 - 0.83 grams/kg/day (68-71). Recommendations for

aging men and women were at large extrapolated from nitrogen balance studies of young
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men taking into account age-associated changes in body composition of the elderly,

including loss of lean muscle mass (67). Thus, with regard to lean body mass,
recommended dietary protein intake in grams/kg body weight was greater for elderly than
young adults.

This possible increase in protein requirement per kg body weight in elderly adults
over younger adults may be at least partly attributed to the less efficient protein
utilization observed in elderly subjects (72). Other factors that may affect protein
requirements in the elderly include the presence of chronic disease, changes in physical
capacity and activity, a decline in total energy intake, changes in metabolic status and
function, as well as medication use (73-74). However, based on the limited research
available, current standards seem to be somewhat crude.

Limitations in the methodology of early nitrogen balance studies may have
contributed to the conflicting results and wide range of reported recommended mean
intakes. Early studies commonly overestimated nitrogen balance by failing to recognize
miscellaneous nitrogen loss, and thus underestimated nitrogen requirements. The
FAO/WHO/UNO consultation recommended a standard formula for assessing nitrogen
balance. This formula included a standard 8 mg nitrogen/kg/day miscellaneous nitrogen
loss factor (72), underreported or unaccounted for in earlier studies. Campbell et al. (73)
reassessed the nitrogen balance data from several early studies published by Zanni et al.
(68), Cheng et al. (69), and Uauy et al. (71), and a weighted average mean protein
requirement of 0.89 grams protein/kg/day was estimated.

Additional evidence from more recent nitrogen balance studies of elderly people

also indicates the safe level of protein intake for older adults may be higher than current
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recommendations. Bunker et al. (75) studied healthy and homebound elderly men and

women aged 70 - 86 years consuming self-selected diets. Healthy elderly participants
maintained nitrogen equilibrium at daily protein intakes of 0.97 g protein/kg/day.
Homebound elderly were in negative nitrogen balance at mean protein intake of 0.67
g/kg/day. However, these calculations did not allow for miscellaneous nitrogen losses
and thus may have overestimated nitrogen balance. While limitations of the study
prevented the authors from inferring a recommended intake, they concluded a protein
intake of greater than 0.8 g/kg/day was needed to maintain nitrogen equilibrium in elderly
people.

Campbell et al. (73) studied two groups of elderly men and women consuming
weight-maintenance diets providing either 0.8 or 1.6 g protein/kg/day. Subjects
consuming 0.8 g protein/kg/day were observed to be in negative nitrogen balance
whereas subjects consuming 1.6 g protein/kg/day were observed to be in positive
nitrogen balance. After regressing nitrogen balance data on mean protein, it was
estimated that a mean intake of 1.0 g protein/kg/day is required for nitrogen equilibrium
in the elderly.

Alternative methods and outcomes to nitrogen balance studies have also been
used to assess protein requirements in the elderly. Castaneda et al. (76) assessed
outcomes such as changes in lean tissue mass, immune response, and muscle function as
markers for protein requirements. In a 9-week study elderly women were assigned weight
maintenance diets containing either 0.45 or 0.92 g protein/kg/day. Participants in the low

protein intake group showed significant losses in anthropometric measures and immune
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function although weight remained stable. Participants in the high protein group showed

no similar changes in anthropometric measures or immune function.

Data from recent nitrogen balance studies as well as retrospective reassessment of
earlier balance studies seem to imply that dietary requirements of the elderly exceed
current recommendations of 0.8 g protein/kg/day and may be more in the range of 1.0 g
protein/kg/day (73) (77). In one sample of almost 700 free-living healthy elderly men
and women average protein intake was 1.01-1.06 g/kg/day (78). A 10-year longitudinal
study of 304 initially healthy elderly women showed women with protein intakes greater
than 1.2 - 1.7 g/kg/day developed fewer health problems than those with protein intakes <
0.8 g/kg/day (79). Additional research including alternative methods of assessing
nitrogen balance as well as standardization in study methodologies are needed before a

mean protein requirement may be established with confidence for the elderly.
Protein Supplementation in Hip Fracture

Protein-energy-malnutrition may contribute to the occurrence of hip fracture and
is commonly observed in elderly people hospitalized for hip fracture. Protein deficiency
may adversely influence clinical outcome after hip fracture, and several intervention
studies have shown that patients given daily oral supplements containing protein have
fewer post fracture complications (52) (65) (74) (80-81). The mechanism of how protein
influences recovery time, functionality, medical complication, and mortality after hip
fracture is still a matter of debate.

Delmi et al. (80) studied the effect of oral supplementation on clinical outcome of

elderly patients with hip fracture. Nutritional requirements of study participants were not
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met during hospital stays for hip fracture, and voluntary intake of protein was only 60%

of the daily recommended intake. Patients receiving a daily oral nutrition supplement
containing 20 g of protein, 254 kcals, and selected vitamins and minerals had shorter
median hospital stays (24 vs. 40 days) and lower rates of complications and mortality
than patients not receiving the daily supplement. However, because the oral supplement
contained many nutrients, protein could not be identified as the nutrient responsible for
the favorable outcomes. In fact, Delmi et al. hypothesized that the beneficial effects may
have been due to the vitamin A content in the supplement, not protein.

Protein was targeted as the possible nutrient improving clinical outcome in
another similar investigation in which elderly hip fracture patients were randomized to
either receive a protein-containing supplement or a similar non-protein-containing
supplement (52). Normalization of protein intake during hospitalization attenuated loss
of BMD in the femoral shaft observed at 7 months post fracture. A more pronounced
increase in osteocalcin, a marker of osteoblast activity, was observed in the protein
supplement group than in the non-protein supplement group (58). Furthermore, patients
receiving the protein supplementation had fewer complications than patients not
receiving the protein supplementation.

The effect of protein intake on insulin-like growth factor (IGF) was studied in a
randomized, placebo-controlled trial of oral supplementation of hip fracture patients (65).
IGF, known to decrease with age and with dietary protein restriction, may enhance bone
formation through direct action on osteoblasts, bone-forming cells (52) (82). Consistant
with findings from other studies (52) (74) (80-81), results indicated protein

supplementation after hip fracture was associated with shorter hospital stays, fewer
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complications, and attenuation of bone mineral loss in the months following fracture, as

well as increased IGF-1 levels.

Although many studies report improvement in clinical outcomes post hip fracture
during oral protein supplementation, few have examined the relationship between protein
supplementation and functional recovery. One year after hip fracture, 40% of patients
cannot walk alone (4), and mobility can be used as a marker of functional recovery. In a
recent randomized trial where elderly hip fracture patients received a protein containing
oral supplement or placebo, no difference was observed in functional ability or mobility
at six months post fracture (81). More than 50% of participants in both the treatment and
control groups returned to pre-fracture levels of mobility at 6 months.

While there seems to be little question that normalization of protein intake post
hip fracture reduces recovery time, hospital stay duration, rates of complication, and
attenuates bone mineral loss, small randomized, placebo-controlled trials cannot answer
the larger question of whether adequate protein intake can prevent osteoporosis and

reduce risk of hip fracture in the elderly.

Protein and Insulin-Like Growth Factor

Dietary protein may influence bone health and hip fracture risk through several
possible mechanisms, some of which were described in previous sections. Protein is an
important component of the bone matrix, and deficiency may disrupt the balance between
bone formation and bone resorption. Protein deficiency may decrease muscle strength

and impair movement coordination and balance, thus increasing the propensity to fall and
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decreasing the force needed to fracture a hip because of a fall. Protein may also influence

bone health through its effect on insulin-like growth factor (IGF-1).

Both aging and protein-energy restriction are associated with a decrease in growth
hormone (GH) secretions and lowered levels of IGF-1 (82-83). IGF-1 promotes bone
formation by direct stimulation and activation of osteoblasts (84). Insulin-like growth
factor 1 is synthesized in the liver and bone and is regulated by hormones including
estrogen, parathyroid hormone (PTH), and 1,25-hydroxyvitamin D3 (83). Elderly hip
fracture patients consuming low levels of protein had low levels of IGF-1, which returned
to normal after protein supplementation (65). In a study of healthy men, IGF-1 and its
major binding protein (BP) IGFBP-3 were both positively correlated to muscle strength,
and total body BMD (83). Castaneda et al. (85) found elderly women fed marginal
protein diets (0.45 g protein/kg/day) for 10 weeks had low levels of IGF-1 which were
associated with loss of skeletal muscle mass. Furthermore, plasma IGF-1 concentrations
seem to be a reliable biochemical index for identifying protein-energy-malnutrition in the

elderly (85-86).

Mechanisms of Action

Recent findings from animal studies further elucidate the cellular mechanism
involved in the relationship between dietary protein intake, serum levels of IGF-1, and
bone health. In a study of aged male rats, a reduction in dietary protein intake decreased
IGF-1, BMD, bone mass, and bone strength in both trabecullar and cortical bone (63).
Bourrin et al. (63) observed similar numbers of osteoclasts, responsible for bone
resorption, in rats fed low and high protein diets; however, parameters of bone formation

were depressed in only the low protein diet group. A similar study in female rats
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demonstrated that protein-restriction also causes IGF-1 resistance in remaining

osteoblasts (87). Injections of IGF-1 to protein-restricted rats did not result in increased
bone formation or osteocalcin levels (87). Furthermore, the effects of low IGF-1 induced
by a low protein diet and altered sex hormone levels, as seen after menopause in women,
and studied in ovariectomized adult female rats, may be additive (88).

Several investigators agree that the mechanism of bone loss in response to low
protein intake seems to be a decrease in bone formation due not only to the reduction in
osteoblast recruitment but also to osteoblast resistance to stimulation and activation by
IGF-1 and thus reduction in the amount of bone matrix deposited per unit of bone (87)
(88). Indeed, null findings from a study of IGF-1 treatment and impact on bone mineral
density (89) may be explained by osteoblast resistance to IGF-1 in response to inadequate

protein intake.

Observational Studies: Protein Intake and Bone

Cross-Cultural Surveys

Marked variation in hip fracture incidence between populations of different
geographic regions as well as within populations of specific geographic regions suggests
an important role for environmental factors, such as nutrition, in risk of hip fracture (2).
Nutrients such as calcium and vitamin D are often implicated as risk factors for
osteoporosis and hip fracture, but other nutrients, such as protein, have received far less
attention.

Abelow et al. (15) examined cross-cultural variations in animal protein

consumption and hip fracture incidence from 16 countries. As expected, animal protein
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consumption was greater in industrialized countries such as the United States and Great

Britain than those of developing countries in Asia and Africa. Regression of age-adjusted
fracture rates against estimated dietary animal protein intake indicated a strong positive
association. In this multi-country survey, calcium and protein intake were highly
correlated (R =. 91, p = <.001), and it was proposed that calcium intake may be a cross-
cultural marker for animal protein-rich diets. Findings from this cross-cultural study are
consistant with the hypothesis that diets high in meat and animal protein elevate
metabolic acid production and lead to chronic bone buffering and loss (18).

In a second cross-cultural study, Frassetto et al. (90) examined worldwide
incidence of hip fracture in elderly women by ratio of vegetable to animal food
consumption. Countries with low ratios of vegetable to animal food had high incidence
of hip fracture. Furthermore, after adjustment for total protein intake, vegetable food
consumption was a negative predictor of hip fracture incidence. Frassetto and colleagues
hypothesized the observed protective effect was associated with base precursors from
vegetable foods balancing acid precursors from animal foods and preventing chronic

bone buffering, as proposed in the acid-ash osteoporosis theory.

Population-Based Studies

Although cross-cultural studies conclude animal protein may be associated with
increased incidence of hip fracture, many population-specific observational studies give
evidence supporting a protective role of protein in bone health.

Findings from observational studies examining the relationship between dietary

protein intake and bone health are summarized in Table 3-3. Five of eight studies cited
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Reports from observational studies examining the relationship between dietary protein
intake and bone health

Investigators

Study population

Measure of protein

Measure of bone
health

Sellmeyer et al.

(12)

Hannan et al.

(8)

Munger et al.

(16)
Meyer et al.

(13)

Chiu et al. (9)

Feskanich et al.

(14)
Cooper et al.
(10)

Geinoz et al.

(1)

Postmenopausal white
women

Elderly men and
women
Postmenopausal
women
Middle-aged
Norwegians

Postmenopausal
Taiwanese vegetarian
women

Adult women

Adult women

Hospitalized elderly
men and women.

High ratio of animal
to vegetable protein.

Low protein intake.
High protein intake.
High protein intake
and low calcium

intake

High protein intake.

High protein intake.

High protein intake

Protein intake >1
g/kg/day.

Increased rate of
BMD loss.

Increased rate of
BMD loss.
Decreased risk of hip
fracture.

Increased risk of hip
fracture.

Increased BMD.

Increase risk of
forearm fracture.
Increased BMD in
pre-menopausal
women only.

Higher BMD.
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provide evidence that protein plays a protective role in risk of osteoporotic hip fracture

while four of nine provide evidence to the contrary. Results, taken collectively, should
be interpreted cautiously. Inherent differences in study designs such as quantification of
protein intake, measurements of bone health or risk to fracture, and population
characteristics such as age, gender, and race make it difficult to compare conclusions
between studies and thus results appear controversial.

Few reports from prospective studies examining the relationship between protein
intake and bone health with actual incident hip fracture as the outcome measure have
been published. In The Nurses’ Health Study, dietary protein intake was positively
associated with an increased risk of forearm fracture however, no association was
observed with risk of hip fracture (14). In a Norwegian study, adult men and women
answered a semi-quantitative dietary questionnaire and were followed for 11 years with
respect to hip fracture (13). An elevated risk of hip fracture was found in participants
with a high intake of non-dairy protein in the presence of low calcium intake. However,
no similar effect was observed for total protein or non-dairy animal protein independent
of calcium intake. In the Iowa Women’s Health Study, postmenopausal women with
higher intakes of total protein and animal protein had a lower risk of hip fracture than
women with lower intakes (16).

Several studies have examined the relationship between dietary protein intake and
bone health using BMD or change in BMD over time as a marker for bone health. Most
(8) (10-11) (91) but not all (12) found a positive association between protein intake and
BMD. In a cross-sectional study of pre- and postmenopausal women, dietary protein

intake was associated with higher BMD in premenopausal women (10). No similar
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association was observed among postmenopausal women. However, postmenopausal

women who reported one or more fractures of the hip, spine, or forearm had significantly
lower dietary intakes of protein than postmenopausal women without a history of hip
fracture. In an observational study of hospitalized elderly men and women, participants
with dietary protein intake greater than 1 g/kg/day had higher BMD of the femoral neck
than those with protein intakes less than 1 g/kg/day (11). Furthermore, women in this
study with higher protein intakes had an increased capacity to climb stairs and greater
muscle strength than did women consuming lower protein intakes.

Others have studied the relationship between protein intake and bone mineral
density in relation to common dietary patterns such as vegetarianism. In a study of
postmenopausal vegetarian women in Taiwan, long-term adherents to a strict vegan diet
had four times the risk of being classified as having osteopenia of the femoral neck than
did those following less strict dietary practices (9). In a survey of elderly Chinese
females, BMD at the hip was lower in vegetarians than omnivores, and was positively
correlated to protein intake (91).

Recent reports add controversy to the issue of dietary protein intake and relation
to BMD. In the Study of Osteoporotic Hip Fractures, women with a high ratio of animal
to vegetable protein intake lost bone more rapidly than did those with a low ratio and had
an almost four-fold increase in hip fracture risk (12). Contrary to what might have been
expected according to the acid-ash hypothesis, participants with the highest ratios of
animal to vegetable protein intake had marginally higher BMD of the hip at baseline than
did those with lower ratios. Hannan et al. (8) studied a cohort of men and women from

the Framingham Heart Study and found lower protein intake was significantly related to
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BMD loss at the hip and spine. Possibly influenced by the controversy of animal-

protein’s harmful effect on bone health fueled by the findings from Sellmeyer et al. (12),
Hannan et al. (8) also examined the relationship between animal protein intake and BMD
but found no evidence of an adverse effect on bone (92). The effect of animal protein
seemed similar to the effect of total protein and lower percent animal protein was related
to bone loss at the hip and spine. This finding is consistent with findings from others
who report lower BMDs in strict adherers to vegetarian diets as well as a negative

association between animal protein intake and risk of hip fracture (9) (16) (91).
Future Directions for Research

Although there is a large and growing body of evidence lending support to dietary
protein’s role in bone health, even the most recent reports from large-scale observational
studies examining this relationship in regard to risk of hip fracture are conflicting (8)
(12). Like other diet-disease relationships, the protein-osteoporosis association is
complex and additional research is needed to clarify the association. One direction for
future research may be in examining interactions between nutritional, genetic, and
environmental factors. For example, stratifying analyses by individuals with high-risk
alleles for osteoporosis, unidentified in observational studies to-date, may identify groups
of people more susceptible to nutritional or environmental causes of hip fracture.

It has already been established that protein intake and calcium balance are inter-
related. Some have proposed that while higher dietary protein may indeed increase
urinary calcium leading to bone loss, adequate levels of calcium in the presence of higher

protein may protect bone. Researchers may find it useful to evaluate diets on their
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calcium-to-protein ratios rather than crude or adjusted protein intake alone. Other

nutrient-nutrient interactions, such as protein and phosphorous, may also be important.

Future research may also focus on examining relationships between protein intake
and bone health by food source and food group. Both controlled trials and observational
studies have identified differences between protein of animal and vegetable origin in
relation to bone health. Some have proposed that the sulfur-containing amino acid
content of animal proteins increases acid-ash in the body and is responsible for the
deleterious effects. However, in some observational studies animal protein appears
protective (16) (8). Some, but not all, animal proteins produce acid-ash and some
vegetable foods are high in sulfur containing amino acids. Analyzing diets based on food
groups may allow researchers to identify specific foods, not necessarily designated by
animal or vegetable origin, important in the relationship. Possible foods to consider are
milk and non-cheese dairy products. Although they are animal protein foods, they do not
have a high potential renal acid load and are also good sources of protein and calcium
(37).

Another avenue researchers may pursue is examining protein quality and amino
acid content of foods in relation to risk of hip fracture. The essential amino acid lysine,
for example, is involved in the cross-linking of both collagen and osteopontin (93).
Abnormalities in the hydroxylation of lysine residue on bone proteins have been observed
in osteoporotic bone tissue (94). People with lysinuric protein intolerance who have
defective transport of cationic amino acids including lysine have increased incidence of
fractures due to decreased synthesis of matrix proteins (95). Foods high in lysine include

meats and corn-based grain products. Examining the relationship between lysine intake
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or other markers of protein quality may also help clarify conflicting results of studies

examining protein intake and risk of fracture.
Summary and Conclusions

The controversy and debate over the relationship between protein intake and bone
health or risk of hip fracture in the elderly may be minimized by recognizing that total
diet is much more influential to bone health than is one single nutrient. Although
metabolic studies of high purified protein diets generally support the acid-ash
osteoporosis hypothesis, many observational studies lend support to the hypothesis that
total and animal protein are essential for bone health. The nature of observational studies
forces investigators to examine confounders in the relationship between protein intake
and risk of fracture such as calcium intake, age, and body mass index; however, many
important nutrient-nutrient, nutrient-gene, or nutrient-environment interactions may be
overlooked and may also modify the relationship.

Protein is an important component of the bone matrix, and dietary protein may
influence bone health and risk of hip fracture in several ways. Protein appears to disrupt
calcium balance by increasing urinary calcium loss and may result in decreased BMD.
However, nutrients commonly found in high protein foods, such as calcium in dairy
products and phosphorous in meats, may blunt this affect.

Current recommendations for protein requirements may not be adequate to meet
metabolic needs of the elderly. Many elderly people with hip fracture are protein-deplete,

and protein supplementation improves medical outcome after hip fracture. Furthermore,
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protein restriction decreases levels of IGF-1, known to be osteotrophic, but protein-

repletion improves levels of IGF-1.

As with any diet-disease relationship, associations between the nutrient variable
and outcome variable are less clear in the presence of confounders and interactions
inherent in observational studies. Future directions in research pertaining to protein’s
role in bone health, including examination of source of protein intake by food groups and
specific amino acids implicated in bone metabolism, may help to clarify the relationship.
However, at this time, higher protein intake from diets of varying food sources, especially
in the presence of adequate calcium and phosphorous intake, seems more beneficial than

harmful to bone health and thus hip fracture risk in the elderly.
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CHAPTER 4

PROTEIN INTAKE AND RISK OF OSTEOPOROTIC HIP FRACTURE

IN ELDERLY RESIDENTS OF UTAH?
Abstract

Protein is an important component of bone, but the role of dietary protein intake
in osteoporosis and fracture risk remains controversial. The role of dietary protein intake
in osteoporotic hip fracture was evaluated in a statewide case-control study in Utah.
Patients with hip fracture aged 50 - 89 years (cases) were ascertained via surveillance of
18 Utah hospitals during 1997 - 2001. Age- and gender-matched controls were randomly
selected. Participants were interviewed in their residence, and diet was assessed using a
picture-sort food frequency questionnaire. Risk of hip fracture was evaluated by quartile
of protein intake and stratified by age-group for 792 cases (570 women, 222 men) and
1104 controls (703 women, 401 men). In analyses that controlled for gender, estrogen
use, body mass index, smoking status, alcohol use, energy and calcium intake, and
physical activity, the risk of hip fracture decreased across increasing quartiles of total
protein intake for participants aged 50 - 69 years (OR: 1.0 (reference); 0.38 (95% CI:
0.21 -0.71); 0.59 (0.32 - 1.10); 0.22 (0.11 - 0.45); p for trend = < 0.001). No similar
associations were observed among older participants. Higher total protein intake was
associated with a reduced risk of hip fracture in men and women aged 50 - 69 years and

did not appear to increase risk of hip fracture in men and women aged 70 - 89 years. The
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effect of dietary protein intake on risk of hip fracture may be modified by age, and this

may account for the conflicting results of previous studies.
Introduction

Bone fractures due to osteoporosis have long plagued the elderly of industrialized
countries and are now an emerging problem in developing countries (1). Hip fractures are
the most serious of all fractures related to osteoporosis (2). Although the incidence of hip
fracture is higher in women than in men, rates increase exponentially with age in both
and the age-specific rates in men lag those of women by only five to seven years (2-3).
The lifetime risk of suffering a hip fracture is 6.0% in Caucasian men and 17.5% in
Caucasian women (4). One year after hip fracture, 40% of patients cannot walk alone,
60% have difficulty with at least one essential activity of daily living, 27% have been
admitted to a nursing home for the first time, and 20% have died (5). Discovering new
methods for the prevention of osteoporotic hip fractures will decrease this burden and
may help many elders remain independent and have a higher quality of life in their later
years.

Osteoporosis is characterized by low bone mass and microarchitectural
deterioration of bone tissue resulting in increased bone fragility and susceptibility to
fracture (6). Although peak bone mass has a significant genetic component, modifiable
risk factors, including nutrition, appear to play an important role in bone health
throughout the life-cycle. Dietary interventions for the prevention and treatment of
osteoporosis have long been focused on calcium, phosphorous, and vitamin D while other

nutrients, including protein, have been less well studied.
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Protein is an important component of bone (7) and protein supplementation

improves the medical outcome in elderly hip fracture patients (8-9), but the role of
dietary protein intake in osteoporotic hip fractures remains controversial. Although
several population-based observational studies have examined the relationship between
dietary protein intake and risk of hip fracture, their results are conflicting (10-12) (13).
Therefore, the association between dietary protein intake and risk of osteoporotic hip
fracture was examined in a statewide case control study of older Utah residents. The

effects of animal protein and vegetable protein were also examined.
Subjects and Methods

The Utah Study of Nutrition and Bone Health (USNBH) is a statewide case-
control study of risk factors of hip fracture in Utah residents aged 50 - 89 years. Cases
were ascertained via surveillance of 18 Utah hospitals responsible for treating 98% of hip
fracture cases in the state. Controls were randomly selected from the Utah Drivers
License and Medicare databases and frequency-matched to cases by gender and 5-year
age intervals. All study procedures were reviewed and approved by the institutional
review board of each hospital and participating university. After obtaining written
informed consent, an in-person interview was conducted at each participant’s place of
residence.

The percentage of subjects who refused to complete an interview was similar for
cases and controls (23.7% and 24.1%, respectively); however, more cases than controls
were too frail, ill, or demented to complete the interview (21.9% and 9.9%, respectively)

or died before the interview could be completed (14.4% and 5.7%, respectively). An
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additional 2.6% of cases and 2.5% of controls could not be located. As a result, the

overall participation rate was 37.5% for cases (n = 818) and 57.8% for controls (n =

1142).

Data Collection

Diet was assessed using a 137-item picture-sort food frequency questionnaire
(FFQ). The Utah picture-sort FFQ was developed specifically for this population as an
alternative to the more traditional paper-and-pencil format FFQ. Foods included in the
Utah picture-sort FFQ were systematically selected from the 126-item Nurses’ Health
Study FFQ, the National Cancer Institute (NCI) FFQ, and a list of commonly eaten foods
as identified in focus groups of elderly in Utah. The picture-sort FFQ method, first
developed by Kumanyika et al. (14), engages respondents by having them sort cards with
color photographs of foods into trays representing frequency of use over the past year (for
controls) or the year before hip fracture (for cases). An interviewer records information
about specific consumption patterns for foods within each frequency category. The
picture-sort FFQ was found to be reproducible on repeated administration and accurate
compared with dietary recall interviews (15). FFQ data were converted to usual daily
intakes by transforming all consumption periods to consumption per day and multiplying
by frequency of use and weight of the standard serving size. Respondents with
implausible total energy intake (< 600 or > 5000 calories) were excluded from the
analyses (n =31).

A detailed history of vitamin and mineral supplementation use was obtained

during the interview. Daily calcium intake from individual, combination, or multivitamin
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and mineral supplements was combined with dietary calcium intake to give a measure of

total daily calcium intake in milligrams.

Other characteristics assessed and included as covariates in the analyses were
total energy intake, gender, weight, height, Mini-Mental State Examination (MMSE),
smoking status, alcohol use, physical activity level and, in women, estrogen use. Self-
reported measures of weight and height were used to compute body mass index (kg/m?).
The MMSE was scored and adjusted for sensory impairment to give a measure of
cognitive ability. Respondents with an adjusted MMSE score of 17 or less, indicating
severe cognitive impairment (16), were excluded from the analyses (n =21). Hip
fractures caused by high-impact trauma (such as motor vehicle accident or a fall from the
roof of a house) were also excluded (n = 77). Smoking status was characterized as current
smoker (smoked regularly in past year or year before hip fracture), former smoker, or
never smoked. Similarly, alcohol use was characterized as current user (regularly drank
one or more drinks per month over the past year or year before hip fracture), former user,
or never user. Recent physical activity was classified by hours per week for a number of
recreational and household activities and then categorized into four levels. Women were

categorized into current users, former users, or never users of estrogen.

Statistical Analyses

Dietary intakes were analyzed by using nutrient food composition data from the
Food Processor dietary assessment program (Food Processor Nutrition Analyses &
Fitness Software, Version 7.1, ESHA Research, Salem, OR), USDA food composition
tables (www.nal.usda.gov/fnic/foodcomp/Data/index.html), and product information

from manufacturers. To quantify protein intake in relation to total caloric intake, protein
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was expressed as a percentage of total energy intake (protein % E). Quartiles of total

protein % E, animal protein % E, and vegetable protein % E for all participants were used
to define levels of exposure. In order to compare methods, Willet and Stampfer’s (17)
residual method for energy adjustment was also applied and produced similar results to
those presented here.

Logistic regression models were used to evaluate the relationships between the
dietary protein variables and risk of hip fracture. Odds ratios were calculated using the
lowest nutrient quartile as the reference intake. All combinations of interactions between
quartiles of protein intake, age, and gender were tested by comparing likelihood-ratio
statistics for the logistic regression model with each of three two-way interactions to the
model with only the main effects. Of the interactions examined, only the interactions
between age and quartile of total protein intake and quartile of animal protein intake were
significant (p-value = 0.007, < 0.0001 respectively). Thus, both men and women were
included in the analyses which were then stratified by three age-groups (50 - 69 year olds,
70 - 79 year olds, and 80 - 89 year olds). Because animal and vegetable protein intake
were not highly correlated (r = -0.33), they were included together in logistic regression
models testing the effect of animal and vegetable protein intake on risk of hip fracture.
Multivariate logistic regression models were used to control for the possible confounding
effects of body mass index, smoking, alcohol use, physical activity level, total calcium
intake, and in women, estrogen. The linear trends across quartiles of protein intake were
tested by weighting each quartile by its median value. All analyses were performed with

SPSS software, version 10.0 and SAS software, version 8.
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Results

Data on age, anthropometric, nutrition, and lifestyle characteristics for 623 male
participants (401 controls, 222 cases) and 1273 female participants (703 controls, 570
cases) are shown in Table 4-1. Participants with hip fracture were older (p = 0.001),
weighed less (p < 0.001), and had a lower mean body mass index (p < 0.001) than
participants without hip fracture. Seventy-two percent of cases and 64% of controls were
female. Although cases consumed more total calories than controls (p = 0.011), controls
consumed a larger percentage of total calories from protein (p = 0.006). The mean
physical activity reported per week and the mean total dietary calcium did not differ
significantly between cases and controls for men or women. In women, more cases than
controls reported being current smokers (p = 0.023); there were no differences in
smoking status between male cases and controls. There were no significant differences in
regular alcohol use between groups although more men reported regularly consuming
alcohol than women. Among women, more controls than cases reported currently using
an estrogen supplement (p < 0.001).

The percentage of contribution to total dietary protein intake by food group for
cases and controls is shown in Table 4-2. The red meat (beef, pork, lamb, venison), dairy,
and bread and cereal food groups contributed more than 50% of total dietary protein
intake in cases and controls of both genders.

Mean intake of protein % E was similar for male and female cases (15.5%) and
for male and female controls (15.8%). A decline in total protein intake with increasing
age was generally observed for both men and women (Figure 4-1). In men, mean protein

% E was 16.0% in 50 - 69 year olds, 15.8% in 70 - 79 year olds, and 15.3% in 80 - 89



Table 4-1

Characteristics of 793 cases and 1105 controls by gender; Utah Study of Nutrition and Bone Health

Women Men
Case Control Case Control

Characteristics (570) (703) (222) (401)
Age (yr) 76.5 (8.9) 1o 190} 15.9 (9.2)I 73.8 (10.5)
Weight (kg) 63.3 (13.6) 68.9 (14.4) 78.5 (14.6) 82.4 (15.5)
BMI (kg/mz) 24.0 (4.9) 26.5 (5.1) 247 (4.0) 263 (4.4)
Physical Activity (h/wk) 12.2 (14.9) 13.0 (13.0) 15.1 (19.4) 14.0 (14.9)
Energy (MJ/day) 9.4 (3.3) 89 (2.9 19.5 (3.3 10.1 (3.0)
Protein (% E)2 15.5 (2.6) 158 (2.6) 15.5 (2.5) 158 (2.7)
Calcium (mg/day) 1606 (791) 1601 (806) 1335 (666) 1366 (762)
Calcium supplement user (%) 67 #2 52 52
Cigarette Smoker (%)

Current 7 3 8 8

Former 15 13 45 40

Never 78 84 47 52
Alcohol Drinker (%)

Current 12 11 23 22

Former 16 9 31 29

Never 72 80 47 49
Estrogen user (%)

Current 22 32 = -

Former 24 25 : -

Never 54 43 = #

" Means + SD.

? Protein as a percent of total energy intake.

v6
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Table 4-2
Percentage contribution of food groups to total dietary protein intake by case- control
status and gender; the Utah Study of Nutrition and Bone Health

Women Men

Food group Case Control Case Control
Beef, pork, lamb, venison 21.9 21.0 26.3 25.0
Dairy 21.5 21.9 18.2 19.2
Bread and cereal 12.1 12.6 11.9 12.3
Poultry 11.2 L& 10.3 10.5
Fruits and vegetables 9.6 9.8 8.6 8.5
Fish 5.6 5.8 5.6 6.0
Other’ 6.6 4.9 6.1 5.1
Mixed dishes 4.5 4.3 4.9 4.6
Eggs 3.8 3.2 4.6 4.6
Nuts 3.3 313 3.7 4.2

" Other group includes supplemental beverages, soups, butter, margarine, and many
snack and dessert type foods.

Women Men
17 17
16.5 16.5 -
w6 16 |
X
£ 15,5 15.5 -
o
2 151 15 -
o
145 | 14.5 -
14 14
§®
2
56’6 o0 0
B8 Control
[:::]Case

Figure 4-1. Mean total protein intake as a percent of total energy (% E) of cases
and controls by sex and by age-group; the Utah Study of Nutrition and Bone Health.
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year olds. Similarly, in women, mean protein % E was 16.0 % in 50 - 69 year olds,

15.6% in 70 - 79 year olds, and 15.4% in 80 - 89 year olds. Within each age-group, cases
generally had a lower mean protein intake compared to controls, and this difference was
most striking in the youngest age-group (50 - 69 year olds). In men, controls aged 50 - 69
years consumed 16.9% of energy from protein and cases consumed 15.5% of energy
from protein. In women, controls aged 50 - 69 years consumed 16.3% of energy from
protein and cases consumed 15.4% of energy from protein. The differences in protein %
E between cases and controls were much smaller in participants aged 70 - 89 years and
80 - 89 years than were the differences between cases and controls aged 50 - 69 years.

In logistic regression models that controlled for gender and interactions between
age, gender, and protein intake, the risk of hip fracture decreased with increasing quartile
of percent total protein intake for participants aged 50 - 69 years (OR: 1.0 (reference);
0.40 (95% confidence interval (CI) 0.22 - 0.99); 0.51 (95% CI1 0.28 - 0.91); 0.22 (95% CI
0.11 - 0.44) p-trend: < 0.0001); no similar associations were observed among older
participants (70 - 89 year olds). Major risk factors for hip fracture including body mass
index, smoking status, alcohol use, physical activity, calcium intake, and in women,
estrogen use were examined in multivariate analyses. Odds ratios for risk of hip fracture
reported by age-group across increasing quartiles of percent protein intake adjusting for
these additional potential confounders are shown in Table 4-3. Including these additional
variables in the model did not change the association between protein intake and risk of
hip fracture observed in the unadjusted analyses. The risk of hip fracture also decreased
across increasing quartiles of total protein intake for participants aged 50-69 years in the

adjusted analyses (OR: 1 (reference); 0.38 (95% CI 0.21 - 0.71); 0.59 (95% CI1 0.32 -



Table 4-3

Multivariate adjusted odds ratios for risk of hip fracture in Utah men and women by
quartile of percent energy provided by total protein (protein % E), stratified by age-
group; the Utah Study of Nutrition and Bone Health

97

Quartile of
protein % E

50 — 69 year olds

(n =454)

70 — 79 year olds

(n=697)

80 — 89 year olds

(n=747)

Total protein’
56-13.9
14.0-15.5
15.6-173
17.4-30.8
p-trend?

Animal protein’
0.0-8.2
83-99
10.0-11.7
11.8-23.6
p-trend

Vegetable protein
0.0-5.0
51-5.6
57-6.2
6.3-14.7
p-trend

1.00 (reference)
0.38 (0.21, 0.71)
0.59 (0.32, 1.10)
0.22 (0.11, 0.45)
<0.001

1.00 (reference)
0.23 (0.11, 0.50)
0.69 (0.35, 1.39)
0.23 (0.11, 0.51)
0.053

1.00 (reference)
0.77 (0.39, 1.53)
0.74 (0.34, 1.60)
0.49 (0.24, 1.00)
0.074

1.00 (reference)
0.92 (0.46, 1.39)
0.99 (0.62, 1.58)
1.17 (0.73, 1.88)
0.420

1.00 (reference)
1.30(0.81, 2.09)
1.09 (0.68, 1.76)
1.68 (1.01, 2.79)
0.472

1.00 (reference)
1.36 (0.84, 2.21)
1.34 (0.83, 2.16)
1.32 (0.80, 2.18)
0.488

1.00 (reference)
0.75 (0.24, 1.26)
1.28 (0.72, 1.83)
0.89 (0.39, 1.40)
0.891

1.00 (reference)
0.79 (0.46, 1.34)
0.82(0.47, 1.42)
1.03 (0.59, 1.78)
0.264

1.00 (reference)
1.12 (0.67, 1.87)
1.210.72, 2.03)
0.59 (0.35, 0.99)
0.099

! Multiple logistic regression models controlled for the effects of gender, body mass
index, smoking status, alcohol use, physical activity, calcium intake, and estrogen use in

women.

? Linear trend across quartile of protein intake with the median value per quartile.

3 Multiple logistic regression models controlled for the effect of vegetable protein and

other variables described in the total protein analyses.
* Multiple logistic regression models controlled for the effect of animal protein and other

variables described in the total protein analyses.
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1.10); 0.22 (95% CI 0.11 - 0.45) p-trend = 0.002); no similar association was observed

among older participants (aged 70 - 89 years). Significant protective effects of protein
consumption in the highest vs. lowest quartile of intake were seen for total protein (OR:
0.22,95% CI 0.11 - 0.45), animal protein (OR: 0.23, 95% CI 0.11 - 0.51), and vegetable
protein (OR: 0.49, 95% CI 0.24 - 1.00) in participants aged 50 - 69 years, suggesting that
both animal and vegetable protein contribute to the association.

Although odds ratios for risk of hip fracture by increasing quartile of total protein
intake indicated no apparent association with risk of hip fracture in participants aged 70 -
79 years and 80 - 89 years, the association between animal and vegetable protein intake

and risk of hip fracture is less clear.
Discussion

Total protein intake was inversely associated with risk of hip fracture in Utah men
and women aged 50 - 69 years. Both animal and vegetable sources of protein contributed
to this association. For participants aged 50 - 69 years the risk of hip fracture in the
highest quartile of protein intake was 78% less than the risk at the lowest quartile of
intake (OR: 0.22, 95% CI 0.11 - 0.45). Increasing total protein intake was not associated
with increased risk of hip fracture in older participants of the Utah study (aged 70 - 89
years), as has been suggested in previous reports (13, 18, 19). Thus, the relationship
between dietary protein intake and risk of hip fracture appears to be modified by age. In
the Utah population, protein intake generally declined with increasing age in both men
and women and cases reported lower protein intake at younger ages than controls. This

observation is consistent with findings from studies of other aging populations (13, 20)
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and may be important in interpreting the relationship between dietary protein intake and

risk of hip fracture in aging populations.

The role of dietary protein in bone health has been controversial. Wachman and
Berstein hypothesized in 1968 that diets high in meat and animal protein elevate
metabolic acid production and lead to chronic bone buffering and loss (21). Since then, a
variety of cross-cultural (22-23), experimental (24-25), and observational (13) (18-19)
studies have produced results consistent with this hypothesis. However, others argue that
dietary protein intake has a negative effect on bone metabolism only in the presence of
low calcium intake and that protein consumption within the normal range of intake
together with an adequate calcium intake would be far more protective than harmful in
aging populations(26-27).

Several lines of evidence point to the overall positive role of protein intake in
bone health. Prevalence of protein energy malnutrition increases with advancing age and
is common in older hip fracture patients (6) (28). In clinical trials, an oral protein
supplement was found to reduce complications and mortality due to hip fracture in
elderly patients (8) (29). Further studies found that protein-containing supplements
attenuated proximal femur bone loss and increased serum levels of insulin-like growth
factor in patients with recent hip fracture (9). Protein restriction has been shown to reduce
plasma levels of insulin-like growth factor, known to be osteotrophic (30).

Our findings in Utah are in agreement with at least two population-based studies
reporting positive effects of increased protein intake on bone health. In the lowa
Women’s Health Study, Munger et al. (11) reported that women with higher intakes of

total protein and animal protein had a lower risk of hip fracture than women with lower
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intakes. The average age of participants in the lowa Women’s Health study was 61-63

years, similar to that of participants in the youngest age group in the Utah study (50-69
year olds). More recently, Hannan et al. (12) reported that men and women in the
Framingham Study in the lowest quartile of protein intake had a greater amount of bone
loss than women in the highest quartile. In addition, animal protein intake did not appear
to adversely affect bone mineral density in this population. The average age of
participants in the Framingham study was 74.5 years (range: 68 - 91), slightly older than
the mean age of participants in the Utah study.

Participants in the Utah study had a mean protein % E consumption of 15.7%,
which is greater than that suggested by the current recommended daily allowance (RDA)
but similar to reported values from other elderly populations (12) (20) (31).
Approximately 18% of the Utah participants had dietary protein intakes less than the
current RDA of 0.8 g/kg, which equates to approximately 10.5% of total energy from
protein. The majority of total protein intake in the Utah population was derived from
animal sources (64%). However, this ratio of animal to vegetable protein was lower than
reported elsewhere (11) (13) (31).

The discrepant findings in risk of hip fracture for participants 50 - 69 years of age
compared with older participants (70 - 89 years of age) across increasing quartiles of
dietary protein intake have several possible explanations. Biological differences in bone
loss or factors affecting bone loss experienced by younger participants and older
participants may be responsible for the age-modification of risk of hip fracture across
increasing protein intake. For example, in women, early bone loss in the years directly

following menopause may be related to increased osteoclast activity due to estrogen
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withdrawal, whereas bone loss experienced at later ages is most likely due to both a

decrease in osteoblast and an increase in osteoclast activity (32).

Protein is an important component of the bone matrix. In addition, adequate
dietary protein intake helps improve muscle strength and movement coordination,
provides protection around bones, and may consequently decrease a person’s propensity
to suffer a fracture due to a fall (9, 33). Insulin-like growth factor (IGF), known to be
osteotrophic, decreases with age and with low protein diets (30). Increasing dietary
protein intake during the sixth and seventh decades may help to decrease risk of hip
fracture because other risk factors for fracture are less prevalent than in later years. In
later years, elderly are likely to have a lower level of physical activity than in previous
years, muscle mass and protective soft tissue padding decrease, and propensity to fall
increases (34-35). Low dietary protein intake may accelerate these changes, but they
may likely occur despite adequate dietary protein intake. Thus, because other risk factors
for hip fracture increase with age, higher protein intake may appear to be less protective
in older subjects. Other factors associated with bone loss, such as vitamin D status, sex-
hormone levels, renal function, and calcium homeostasis (36), may also modify protein’s
protective effect on bones throughout the life-span.

Lower levels of exposure to protein intake reported by both cases and controls at
older ages may have also attenuated the relationship between dietary protein intake and
risk of hip fracture in older participants on the statistical grounds of reduced power. Our
data as well as other data (20) suggest that protein intake expressed as a percent of total
calories decreases as people age. Sellmeyer et al. (13) reported that women with higher

ratios of animal to vegetable protein intake were younger than women with lower ratios.



102
Factors affecting protein intake may be influenced by age and include changes in

socioeconomic status, taste, appetite, and the ability to cut and chew meat.

A beneficial effect of dietary protein on risk of hip fracture may exist in older
participants but may have been difficult to detect due to limitations of the dietary
assessment method. In the Utah study we used a semi-quantitative picture-sort food
frequency questionnaire to assess usual dietary intake. As with other semi-quantitative
food frequency questionnaires, this method ranks individuals according to usual nutrient
intake. While this method is quick and relatively easy to administer and therefore popular
in large population-based studies, it lacks the precision of methods designed to capture
exact dietary intake on a few days such as multiple weighed diet records or 24-hour
recalls (37). In a validation study that compared mean nutrient intakes reported from the
Utah picture-sort FFQ to mean nutrient intakes reported from the average of three 24-
hour dietary recalls, women 70 years of age or older had lower correlations between
methods for protein intake than did younger women or men (15). Physical and cognitive
limitations that occur naturally with increasing age may hinder elderly participants’
ability to accurately report nutrient intakes using the picture-sort FFQ or other dietary
assessment methods. Limitations of the FFQ in elderly populations may increase
measurement error and may attenuate diet-disease relationships.

A fourth explanation for the discrepant findings may be the difficulty in obtaining
information from participants in the older age groups. While the refusal rates were similar
for younger participants aged 50 - 69 years and older participants aged 70 - 89 years
(23%), the rates of interview completion were higher for younger participants (59%) than

older participants (40%). Older participants were more likely to die before the interview
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could be conducted (12%) and more likely to be unable to complete the interview due to

frailty, illness, or dementia (18%) than where younger participants (4%, 6%,
respectively). Herzog et al. (38) found that response rates decline linearly with increasing
age in large interview surveys. Inherent difficulties encountered in observational studies
of the oldest old make it difficult to generalize results to include this segment of the
population. Results from age-stratified data representing people in these oldest age
groups may be biased such that the conclusions over or underestimate the diet-disease
relationship.

We acknowledge several limitations of the Utah study. Recall bias is always an
issue in case-control studies because information that is self-reported after the fact of a
hip fracture may be biased and consequently distort results. Elderly people may be more
likely to misreport information due to problems associated with aging such as memory
loss, poor cognition, and hearing or visual impairments that affect their ability to respond
to the interview. Finally, 16.2% of the participants were too frail or ill to complete our
interview, and 10.3% died before an interview could be completed. Therefore, our
population of older Utah residents may be healthier or in other ways different than the
general population of the same age range and findings should be interpreted cautiously.

In conclusion, dietary protein intake was inversely associated with a risk of hip
fracture in Utah residents aged 50 - 69 years. Although not protective, higher total dietary
protein intake did not appear to increase risk of hip fracture in the oldest participants aged
70 - 89 years. The Utah findings support the view that dietary protein intake appears to be
more beneficial than harmful in the elderly who are at risk for bone fractures due to

osteoporosis. The effect modification of age on the relationship between protein intake



104
and risk of hip fracture may in part explain the conflicting findings of previous studies.

Modification of protein intake late in life may help to decrease the burden of osteoporosis
and thus enhance the quality of life for the rapidly growing population of elderly persons.
To better understand this relationship, sources of protein intake including animal versus
vegetable origin, specific foods and food groups, and the role of specific amino acids
should be explored. Investigators examining these relationships in other populations
should also consider how age modifies dietary protein intake and the relationship

between protein intake and risk of osteoporotic fractures.
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CHAPTER 5

SUMMARY AND CONCLUSIONS
Summary

The general objectives of this dissertation project were first to evaluate a method
of dietary assessment designed to estimate usual dietary intake in an elderly population
for validity and reproducibility, and second to utilize that dietary assessment method in
examination of a controversial diet-disease relationship of the aged. This dissertation
consists of reports from two studies and one review paper. The first study describes the
development of a picture-sort food frequency questionnaire (FFQ) designed specifically
for an elderly population of Utah and reports correlations between mean nutrient intakes
estimated by repeat administrations of the FFQ and between the FFQ and multiple 24-
hour recalls, measuring reproducibility and validity of the method (Chapter 2). The
review paper describes evidence surrounding the hypothesis that dietary protein intake is
associated with bone health, osteoporosis, and risk of hip fracture in the elderly (Chapter
3). The second study applies the Utah picture-sort FFQ to elderly residents of Utah in a
population-based case-control study designed to examine the relationship between total,

animal, and vegetable protein intake and risk of hip fracture in the Utah population

(Chapter 4).

Validation and Reproducibility of a
Picture-Sort Food Frequency
Questionnaire

The Utah picture-sort food frequency questionnaire (FFQ) was evaluated for

validity and reproducibility of dietary assessment in a subgroup of controls from the
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larger population-based case-control study in Utah. The picture-sort FFQ was designed

specifically for the elderly population of Utah as an alternative to more traditional paper-
pencil FFQs in hopes that it would allow respondents with low literacy level, poor
memory, or impaired vision and hearing, who may be otherwise excluded, to participate
in the study.

The difference between validity and reproducibility of estimated usual dietary
intake measured by the picture-sort FFQ for younger compared to older elderly
participants (<= 69 vs. > 69 years of age) was of special interest, and agreement between
nutrient estimates made from the test and reference method were assessed by age and
gender strata. Correlations between the first and second administration of the picture-sort
FFQ, representing a measure of repeatability, were similar for younger and older men and
women (range of mean correlations: 0.67 - 0.69). Correlations between the first
administration of the picture-sort FFQ and the average of multiple 24-hour recalls,
representing a measure of validity, were similar for all men and younger women (range
of mean correlations: 0.50 - 0.55) but were slightly lower for older women (0.46).
According to the literature, correlations between dietary assessment methods of above
0.30 are traditionally viewed as acceptable. Correlations less than 0.30 were observed in
older men and women for vitamin A, and also in older women for protein and
cholesterol. Results indicated that in general the picture-sort FFQ is a useful tool to
measure usual dietary intake in the elderly although younger elderly (<= 69 years of age)
may report usual dietary intake slightly more accurately than older elderly (> 69 years of
age). These differences, although small, may be important in studies of the elderly

examining diet-disease relationships in those well over the age of 70 years.
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Picture cards may allow better identification of foods and prompt memory in

elders and thus improve accuracy of reported nutrient intakes. Cognitive and physical
limitations associated with aging make gathering dietary data especially difficult in
elderly populations, and as a result many respondents of advanced age are excluded from
observational studies. Picture-sort FFQs may be a useful tool in gathering dietary data in
populations that include participants of advanced age. Inclusion of the oldest old in
population-based observational studies may yield additional information helpful in
defining diet-disease relationships.

Protein and Risk of Hip Fracture
in the Elderly: A Review

A large and growing body of evidence supports protein’s role in bone health, but
the association between dietary protein intake and osteoporotic hip fracture is less than
clear. Protein is an important component of the bone matrix, and protein-containing
supplements improve medical outcomes after hip fracture. Protein increases urinary
calcium excretion, yet in the presence of adequate dietary calcium intake may not disrupt
calcium balance or cause bone depletion. Results from observational studies are
controversial. Most but not all report positive associations between protein intake and
BMD, yet a few report increased hip fracture risk in groups consuming high protein diets.

Additional research is needed to clarify the relationship between dietary protein
intake and risk of hip fracture in the elderly. Nutrient-nutrient, nutrient-gene, and
nutrient-environment interactions may modify the relationship and will likely be
important in future analyses. Other avenues for future research include examining the

relationship by not only animal and vegetable protein sources but also by markers of
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protein quality, such as specific amino acids, or by food groups. To date the evidence

seems to support the view that higher dietary protein intake, obtained from a varied diet,
and in the presence of adequate calcium and phosphorous intakes, seems more beneficial

than harmful for bone health, especially to the elderly who are at increased risk for hip

fracture.

Protein Intake and Risk of Osteoporotic
Hip Fracture in Elderly
Residents of Utah

A population-based case-control study of Utah residents aged 50 - 89 years was
designed to examine the relationship between total, animal, and vegetable protein intake.
Diet was assessed using the validated Utah picture-sort FFQ. Information about other
risk factors for hip fracture was obtained in an in-person interview conducted at each
participant’s place of residence.

Differences in dietary protein intake between participants aged 50 - 69 years, 70 -
79 years, and 80 - 89 years were observed, and younger participants (aged 50 - 69 years)
consumed a larger percent of total calories from protein than did older participants (aged
70 - 79 years or 80 - 89 years). Logistic regression models were used to evaluate the
relationships between the dietary protein variables and risk of hip fracture. After testing
all combinations of interactions between protein intake, age, and gender, the interaction
between protein intake and age was found to be highly significant and thus the results
were stratified by age-group (50 - 69 years olds, 70 - 79 years olds, 80 - 89 year olds). In
logistic regression models that controlled for estrogen use, body mass index, smoking
status, alcohol use, energy and calcium intake, physical activity, and the interactions

between gender, age, and protein intake, the risk of hip fracture decreased across
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increasing quartiles of total protein intake for participants aged 50 - 69 years (OR: 1

(reference); 0.38 (95% CI: 0.21 - 0.71); 0.59 (0.32 - 1.10); 0.22 (0.11 - 0.45); p for trend
=<0.001). No increase or decrease in risk across increasing quartiles of total protein
intake were observed for participants aged 70 - 79 years or 80 - 89 years.

The effect of age-modification on the relationship between protein intake and risk
of hip fracture is a unique feature to the analyses presented in this manuscript. Although
other observational studies examining the relationship between dietary protein intake and
risk of hip fracture have also observed similar dietary protein intake patterns, the effect of
age-modification on the relationship has not been examined. This age-modification may

in part explain the conflicting reports from previous studies.
Conclusions

The Utah picture-sort FFQ is a useful method of dietary assessment and can be
used to estimate usual dietary intake in the aged. This method of dietary assessment may
allow elders with cognitive and physical limitations associated with aging to participate
in dietary studies. The Utah Study of Nutrition and Bone Health, a population-based
case-control study, was designed to examine the relationship between dietary protein
intake and risk of hip fracture in the elderly. Measurements of usual dietary intake
needed to examine the diet-disease relationship in question were obtained using the Utah
picture-sort FFQ. In the Utah population, higher total protein intake was associated with
a reduced risk of hip fracture in men and women aged 50 - 69 years and did not appear to

increase risk of hip fracture in men and women aged 70 - 89 years.
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In the Utah study, the effect of dietary protein intake on risk of hip fracture

appears to be modified by age. Including interactions between dietary protein intake and
age in logistic regression models used to estimate risk of hip fracture across increasing
quartiles of protein intake is a unique feature to the analyses. This interaction has not
been controlled for in previous analyses of data from other observational studies.
Identification of this age-modification in future research may help to clarify the
relationship between dietary protein intake and risk of hip fracture.

Results from the analyses of this project, consistent with reports from several
other studies, will help to promote the message that higher dietary protein intake appears
more beneficial than harmful for bone health in the elderly. Dietary protein intake at or
above current recommendations may be listed among other nutritional interventions
useful in the prevention of osteoporotic fractures. Nutritional interventions such as
modification of protein intake late in life may decrease the cost and burden associated
with hip fracture and help many elders remain independent and have a higher quality of

life in their later years.



113

APPENDICES



Appendix A. Demographic Characteristics

of Participants in the USNBH
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Table A-1
Characteristics of men and women aged 50-89 years in the Utah Study of Nutrition and

Bone Health.

Men Women

Characteristics (n=705) (n=1389)
Age 74.1 (10.5) 76.1 (9.2)
Weight (kg) 81.3 (15.2) 66.3 (14.6)
Height (cm) 177.4 (7.2) 161.9 (6.5)
BMI (kg/m?) 25.8 (4.3) 253 (5.2)
Total energy consumed/day (kcal) 25253 (941.2) 2220.5 (820.8)
Case (%)’ 41.0 47.6
Married (%) 79.3 40.2
Caucasian (%) 95.3 97.9
High school graduate (%) 81.1 85.3
College graduate (%) 274 13.6
Religion (%)

LDS 72.8 76.9

Catholic 5.l 5.1

Protestant 8.4 8.9

None 7.4 =
Ever diagnosed with cancer (%) 28.5 22.4
Ever diagnosed with diabetes (%) 15.0 12.8
Multivitamin/mineral supplement use 48.4 55.4
Estrogen user (%) -

Never - 47.7

Former - 23.6

Current - 26.5
Cigarette smoker (%)

Never 50.4 81.4

Former 40.9 13.8

Current 8.5 4.6
Alcohol drinker (%)

Never 47.4 76.7

Former 30.1 11.4

Current 222 11.5
"Means + SD.

? Percent of total population



Appendix B. USNBH Interview Booklet
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The Utah Hip Fracture Study
Interview Questionnaire

NIH Grant Number R01-AR43391

Department of Nutrition and Food Sciences
Utah State University
Logan, UT 84322-4450

Revised 8-5-98



START TIME: I_l._”_l_l AM or PM

A. INTERVIEW INFORMATION

DATE OF INTERVIEW:
Al: montre L pav:LLl veard L1
A2. NAME OF INTERVIEWER:
A3.  ID CODE OF INTERVIEWER: L] I
A4.  SETTING OF INTERVIEW: HOME OF PARTICIPANT ............... 1
HOME OF FRIEND/RELATIVE .......... 2
BOSBIRRL: s v s ihinginon  sisti 5 st st 3
SPECIFY:
SKILLED NURSING FACLLITY .......... 4
SPECIFY:
OTHER INSTITUTION ................. 5
SPECIFY:
DB 5.0 o d e gtiors ygs wigis s e 6
SPECIFY:
AS. COMPLETE THE INTERVIEW SITE ADDRESS
IF DIFFERENT FROM THE FACE SHEET: STREET ADDRESS
CITY
STATE
ZIP CODE

Lt

TELEPHONE
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B. DEMOGRAPHICS:

First, I'd like to ask you a few background questions.

Bl.  In what state were you born? L1 e S S S E 1
OTHER (SPECIFY BELOW) . :wusswsssssmns 2
SPECIFY STATE OR COUNTRY:

B2.  How many years have you lived in e | n I

Utah?
a. Are you a permanent resident of YIES! - vovursin s iaBos s pebin i st o2 s < 500 3 s 1.5 1
Utah? NO: 5z 55 avmine s mias s massslod s seares 4 ori 05 5 £ 5 A o 2
b. How long have you lived in your NUMBER OF YEARS . ... ... \eo.) LL
current residence? (COUNT THE TIME
AT RESIDENCE BEFORE HIP FRACTURE
FOR CASES.)

B3.  What best describes your main ON ST ;5 cs s s sm smmsnos sssmsmssss 1
residence in the (year before your hip | Rural area, butnota farmor ............ 2
fracture/past year)? Was it... City 0T tOWN . ciwvemnmnensnssvnssesns 3

B4.  What was your main source of 71573051 (1 1 (T e PP 1
drinking water in the (year before Rural or county system ................ 2
your hip fracture/past year)? Was it PrvAtE WeEll . sccvimesaceasmswnmsseonas 3
a... Bottled wateror . .:c.ocinrcassmssnsans 4

Something else? (SPECIFY BELOW) ....... 5

B5.  During your life, in what city and state S DDD

have you lived the longest?
STATE DD
COUNTRY DD
A Whatt yeardidyon move there;or Wers YEAR, 550 505 s airers sy & wress s l_l_.n_ll_.l
you born there?
i 2
b, Whatyeur did you maveavay? YEAR ..o L

(CODE CURRENT YEAR IF STILL THERE.)
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B6.  What is your marital status? Mamed .......... ... ... ... ... ... 1
Are you ... Living with someone as married ......... 2
Separated or divorced ................. 3
Widow/widower . .................... 4
Nevermarried ....................... 5
R e e e 7
B7. What is your race or ethnic group? WHITE, NOT OF HISPANICORIGIN .......... 1
AFRICAN AMERICAN .z vmmsssssmmysanes 2
ASIAN AMERICAN OR PACIFIC ISLANDER .. 3
(SPECIFIC GROUP: )
MEXICAN-AMERICAN OR CHICANO ......... 4
PUERTO RICAN, CUBAN, OR OTHER HISPANIC §
NATIVE AMERICAN OR NATIVE ALASKAN ... 6
(SPECIFIC TRIBE: )
OTHER ORMIXED: . : ireus 5 msiersirs s s & s 5 9 7
(SPECIFIC GROUPS: )
|0 i T O 1 O e D P 97
B8.  How many years of school did you I-8 YEARS ..ottt 1
complete? D10 ERREE . - ik ains 6 3tk s S hcnim's 2
HIGH SCHOOL GRADUATEORGED ......... 3
VOCATIONAL EDUCATION AFTER HIGH
SCHOOIL . & 25ir « esoini v mrmstie: » olsrsssm &5 misieiel o Saim = -4
SOME COLLEGE (INCLUDES AA DEGREE) .... §
COLLEGE GRADUATE (BS,BA) .............. 6
GRADUATE DEGREE (MS, MA, PH.D, MD, JD,
{53% & 0 SR 7
R s s e 5 506 & 500760 5 5185 & 8 Sralers s siesers s § alaiens » 45 97
B9.  What is your religious preference? CATHOLIC .0 : 550 65 s e s oot 55 5054 58 5 5 § 955 1
EASTERN ORTHODOX (GREEK OR RUSSIAN) . 2
TEWISH: . io s 2w sidio ¢ whomss s i sl o s oraies & drebes s s 3
LDS(IMORMON)! 5505 55 w5 6 658505 5 %m0 6 & 50w 8 i 4
PROTESTANT .. .. 5
SEVENTH DAY ADVENTIST ................. 6
OTHER: ::iisv:mssanmissimssises s eaesisivass 7
SPECIFY:
NO RELIGIOUS PREFERENCE ............... 8
RE . imn s 5me s 500 8% 5066 5 6509 § 5 9508 55 % aiwsl & 5 s0ivas 91
B10. About how often did you attend NeVEr & oottt e 1
religious services or activities in the Lessthanonceamonth ................ 2
(year before your hip fracture/past Onceortwiceamonth ................. 3
year)? Would you say ... ONCEAWEEK i s soinns snsssisssibnimy v 4
More thanonceaweek ................ 5
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C. MINI-MENTAL STATE EXAMINATION:

Now, I would like to ask you some questions to check your memory and concentration. Some of
the questions may be easy and some will be harder. Take your time if you need to. Just relax
and do your best. WRITE DOWN RESPONSES AND CIRCLE RESPONSE CODE AT RIGHT.

Gl What is the year NOW? GORREGI .o e S et 1
ERROR: :immss sowim s ¢ s o Solisgaras 2
RE™. 285 % ot 02 AR 1 TN 7
NOT ASSESSED/(EXPLAIN) ... ocouia 8
C2. What is the season of the year? CORRECT! . 5. o 85 me o ghcons o it Fozos o 1
ERROR: s 555 smms s b siomss sums s sws siaras 2
RF'ms . anbs . Brme dess s wdnta s i ot 7
NOT ASSESSED (EXPLAIN) ........ 8
C3. What is the month? CORREGT .- . «cicio s Tossmurt s simmot v 1 5 510 1
ERROR. ,voiae sinse s sgisne sy s wis v woass 2
RE oo« wstorsm s s » B8mie s sised 3 e 5 i
NOT ASSESSED (EXPLAIN) ........ 8
C4. What is the date? CORRECT e 55050 ¢ 5 s« s s 5 1
12118200 2 ICE T e S e 2
RE o ssois o s sisine o sinssrs sowine s siew aisi e oo )
NOT ASSESSED (EXPLAIN) ........ 8
€S- What is the day of the week? CORREGT: . .i-:i55 s rieseusis)s tara epsiels aisiis 1
ERRORY i o s s 5 snssons « Srss 8 tn 8 oo o0 2
RF 5o o 6 slaieis a5 wimna s 5 @t s 5760 8 500 2 w3615 7
NOT ASSESSED (EXPLAIN) ........ 8
C6. What state are we in? CORRECT o s & s = 435 4 stove 51579 5 1
ERROR, . n e e e s i 2
e, O ST e s 7
NOT ASSESSED (EXPLAIN) ....... 8
C7. What county are we in? CORRECT .....oiiiiiiiiaianinns 1
ERROR : sioms s euws s 5 s 8 4 b i s #iwe s 2
£ S S AL L SRR Y 7
NOT ASSESSED (EXPLAIN) ........ 8
C8. What city or town are we in? '670) 1 14 s{cH (R B 1
ERROR . v o wane sputransi o s sl o s a s s 2
RE s oo o e s @ a0ass 5% 5 50w 350 5615 4 608 7
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C9. What floor of the building are we on? CORRECT . s avsis s srsvams: « 55500 18 3o s 1
ERROR: .- g e ¥ s - o B S 2
4 R . I I8 T, I B IO Ll 7
NOT ASSESSED (EXPLAIN) ........ 8
C10.  What building are we in? CORRECT .o v vsidinsvieis siiin oo e aiaiie 1
ERROR. civo o v s mvems s 00w ol w555 2
RE 55 simes vamm aspamsns s amains & 5 7
NOT ASSESSED (EXPLAIN) ........ 8
Cll.  lam going to name three objects. After I have
said them, [ want you to repeat them.
Remember what they are because I am going to
ask you to name them again in a few minutes.
The three objects are: apple, table, and penny.
Please repeat the names for me now.
SCORE THE FIRST TRY. IF INCORRECT, REPEAT
OBJECTS AND ALLOW R TO RECALL FOR UP TO
THREE TRIALS ONLY.
OBJECT CORRECT ERROR RF NOT ASSESSED
APPBET Lol ch e e | N P I P 7/ | ORI TN 7 [ e 8
TABLE | ........... | e 2 [ 70 LR 8
PENNY | ... ....... O Ly e 7 O e e 7/l R 8
HOW MANY TRIALS WERE NEEDED? U
NUMBER OF TRIALS ..........
Ci2. Now I am going to give you a word and ask you | RECORD LETTERS HERE AS

to spell it forwards and backwards. The word is
“world.” First, will you spell “world” forwards

for me?

REPEAT OR HELP R SPELL WORLD FORWARDS,
IF NECESSARY.

Now spell the word “world” backwards.

WRITE LETTERS EXACTLY AS R RECITES THEM
TO YOU.

SCORE 1 POINT FOR EACH LETTER IN CORRECT
BACKWARD ORDER, BEFORE THE FIRST
MISTAKE.

ENTER SCORE IN OPEN BOX (MAXIMUM = 5)

GIVEN:

(forwards)
(backwards)
NOT ASSESSED (EXPLAIN) ........ 8
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C13.  What were the three objects I asked you to remember? (SCORE RECALL
ONLY. OBJECTS DO NOT HAVE TO BE IN ORDER)
CORRECT ERROR RF NOT ASSESSED
4. APPLE | inihcmnemis ] s o vwmaas 5 P e 1| PP 8
b. TABLE . . i iiin-mens [ A s e e e T e S e 8
c. PENNY | ... ....... | TS 72 [P T, ety S 1 L s 8
Cl4. POINT TO YOUR WATCH CORRE G e s s e o S
What is this called? BRROR, 5 ¢ insis ooeion ¥ osmst § a5 56 255 £ 5 6600
R e S e aen iy omeeitamoteper wireceRokmsants s il
NOT ASSESSED (EXPLAIN) ............
Cl15.  SHOW YOUR PENCIL CORRECT ...
What is this called? 21:3:70) | e
RE S & crman 2 1 6wl o Bhs o sasntiiid 5 S1a e 3 3 8
NOT ASSESSED (EXPLAIN) ............
€16, I would like you to repeat a phrase afterme. | CORRECT ...............cccoovnnnnn..
The phrase is, "No ifs, ands, or buts." II:,FRROR ..............................
Please repeat it to me now. NOT ASSESSED (EXPLAIN) ............
SCORE FIRST RESPONSE, MAY REPEAT
INSTRUCTIONS UP TO TWO TIMES.
Cl17. HOLD UP THE SHEET WITH *CLOSE YOUR CORRECT . c5inei = s smmos sremns 368 5 4 918 & 5,800 3
EYES" STATEMENT IN FRONT OF R. ERROR: ..is v iecorvia s aiioims = o wiiorm o o isihin: 4 faties 5 besita
RE ; oo s cosvsm sibisss 5 0m0s @iusie 8 o aomis = i o o v &
NOT ASSESSED (EXPLAIN) ............

Please read the words on this page and then
do exactly what it says.

CODE CORRECT IF R CLOSES EYES.
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Cl18. I am going to give you a piece of paper. When |
do, take the paper in your right hand, fold the
paper in half with both hands, and place it on your
lap.
READ THE FULL STATEMENT THEN HAND OVER
THE “CLOSE YOUR EYES" PAPER. DO NOT REPEAT
INSTRUCTIONS OR COACH. SCORE EACH PART
BELOW.
CORRECT ERROR RF NOT ASSESSED
a. RIGHTHAND (.. .. ...... 1 |........... 2l ST JA ) | RN S 8
b. FOLDS: = Ul el aa 1o | st s 200 e e mark e T | o5 e e 8
G ONLAR" 0 ol ans woais LI sos et crirags o oLl | v gz s 8
C19. Please write any complete sentence onthat | CORRECT ............oviiiiiininnnnns 1
iece of paper for me. ERROR: i viva s s v 5 oaly & s s 3 @ et » v 2
: B L R PO O T e AR OB o 7
NOT ASSESSED/{(EXPLAIN)" ... ... el 8
c20. Here is a drawing. Please copy the drawing | CORRECT .............cocviininnannn, 1
on the same paper cxactly as it appears. EFRROR .............................. —21
NOT ASSESSED (EXPLAIN) .....co.vee. 8
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D. ACTIVITIES OF DAILY LIVING AND PHYSICAL ACTIVITY

Now, I'd like to ask you about activities that we often do as part of our daily lives. [ would like
to know if during the (month before your hip fracture/past month) you needed help with these

activities, or if you could do them without any help.

D1.  Did you need help with eating, for example, serving your food, using | YES ........ 1
utensils, or drinking from a glass or cup? NO ......... 2

D2.  Did you need help preparing meals for yourself, for example makinga | YES ........ 1
hot meal, a sandwich, or a TV dinner or microwaving food? NO ......... 2

D3.  Did you need help bathing, including running the water, washing any | YES ........ 1
part of your body, washing your hair, getting in or out of the tub or NO ......... 2
shower?

D4.  Did you need help using the toilet, including adjusting clothing, YES ........ 1
cleaning yourself, getting onto or off of the toilet, or reminders to,use | NO --....... 2
the toilet?

DS.  Did you need help dressing yourself, including getting out of clothes, | YES ........ 1
putting clothes on, fastening clothes together, or putting on shoes? NO ......... 2

D6.  Did you need help getting into or out of bed or a chair? YES oxsoms s 1

NO = vsss 2

D7.  Did you use a cane, walker, or some other form of assistance to help YES ........ 1
you walk? NO' comsivene 2

D8.  Could you walk short distances by yourself within your own home or | YES ........ 1
inside a building? This would include assistance with a cane or NO ......... 2
walker.

D9.  Could you walk longer distances by yourself, that is a block or more? | YES ........ 1
This would include assistance with a cane or walker. NO ......... 2

D10. Were you able to climb 10 or more stairs without help? YES] oo -oon 1

) 1 [© L 2

D11. Did you need help doing light housework such as dusting, washing YES ........ 1
dishes, sweeping, or doing laundry? NO ......... 2

Di2. Did you need any kind of help using the telephone, either answering YES ........ 1
the phone or placing calls? This would include use of an amplifieror | NO ------- - 2
larger push button numbers.

D13. Did you need help with shopping for groceries or prescriptions? YES . .coon !

NO: .5 v s 5 0 2

D14. Did you need help or reminders to take your medications, other thana | YES ........ !

NOL o 2

pill box?
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D15. Did you need anyone to help with managing your finances, such as YES ........ [
paying the bills or balancing your checkbook? NO ......... 2

D16. Could you drive a car by yourself? YES, ..e oo 1
NO: - o'ssaes 2

D17. Did you receive home delivered meals such as Meals on Wheels? YES ::uiiucs |
NO ......... 2

D18. Did you attend a senior center? YES ........ 1
NO' s smpass 2

D19. Did you eat lunch at a center or participate in a congregate meal YES ........ I
service? NO' s v s 2

D20. Did you feel that you had enough contacts with other people? YES ........ 1
NO! «cece serees 2
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E. WEIGHT AND HEIGHT HISTORY:

The next series of questions is about your weight and height.

El. CASES: What was your weight at the
time of your hip fracture?

CONTROLS: What is your current
weight?

E2. CASES: What was your height at the
time of your hip fracture?

CONTROLS: What is your current

height?
E3. What was your weight at age 18,
around the time that youmay have pounns 11|
finished high school?
i ?
A hat ok your hmght RPEEURIN > G X 9 N KR i e o FEETI__I
............................. INCHESI_U
i ?
ES. What was the most you ever weighed? POUNDSI I I I

OTHER THAN WHEN PREGNANT.

a. How old were you at your maximum

. AGEIN YEARS . :csw:.iscee.samases
weight? & b
E6. Have you ever lost more than 20 YES' st se 50 i o5 G s 45 0005 & 3 @/6s) & 5 S1a wye |
pounds in one year or less for any NO (SKIP TO SECTIONF) ................ 2
reason? OTHER THAN FOLLOWING A
PREGNANCY.
a. What was the most weight that you | " “ l
R DS
have ever lost at one time? RO
b. Was that weight loss a result of your VAP ol e e e e B 1
dieting? NO (SKIPTOES) ......oooveiiiieninns 2
DK (SKIPTOES) .« .o 8
E7. At times that you lost 20 pounds or DD

more, what types of diets did you use?
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ES. Was your weight loss of 20 pounds or | YES (SPECIFY ACTIVITIES BELOW) ... ... 1
more ever a result of increased gg .................................... ;
e 2 P & ? ....................................
physical activity, work, or exercise? TYPE OF ACTIVITIES:

E9. Was your weight loss of 20 pounds or more ever a result of ...
a. .. surgery? YESiE. 8, . 8B 37« S sl¥iat s S 500 oF o 1
WO ¢ sl o5 5 omis 5 5 5005 5 GoaiE s 5 90608 § 8152 5 50 § 2
b. ... feeling blue, sad or depressed? b 1 S£ R P L e e o 1
N ) RGN O PR Pty 2
c. ..illness? YES (SPECIFY ILLNESS BELOW) .c : vico 55 1
NG 12 2 51505 o nitimanBiarel o & Rmin: 5 Bidbwil & s BetiTe 2

TYPE OF ILLNESS:
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F. PHYSICAL ACTIVITY:
The next questions are related to physical activity.

Fl.

In the (year before your hip fracture/past year), how
many hours each day did you sit while watching TV, a
VCR, reading, or while doing other seated activities?
Would you say it was ...

Less than 5 hours per day, or ... 1
Between 5-10 hours per day, or . 2
More than 10 hours per day ....3

F2.

In the (year before your hip fracture/ past year) did you
ever go for walks? This would include times that you
walked for exercise, to visit, shop or while hiking,
fishing, hunting, or golfing.

How often did you take walks?

How long did you walk each time, on average?

How far did you walk each time, on average?
(8 CITY BLOCKS = 1 MILE)

YES: [: o cpc 2o bl 31 5 5 675 5 5 dookivhs 1
NO(SKIRTOES) . 'swe v saw dise sgtin 2
NUMBER OF WALKS ........ LJ._I
DAY .o s s mavess 1
PER { WEEK, . :s0iimmesas 2
MONTH! ....c. oo 3
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I"d now like to ask you about several kinds of active work or recreation you may have done at any time in
your adult life, meaning since the age of 18. Since the age of 18 did you ever regularly...
a. Did youdo b. During that year, c. Atwhat
(ACTIVITY) in the | how much time did you | age did you
(year before your | spend doing stop doing
hip fracture/past | (ACTIVITY) per day, (ACTIVITY)?
year)? week, month or year?
(GO TO NEXT
(IFNO SKIP | (IFNOGOTOC) ACTIVITY)
TO NEXT
ACTIVITY)
ACTIVITY YES NO |YES NO MIN. D WMY AGE
F3. ... do heavy
housework
vacuuming,
mopping, scrubbing
floors or sidewalks,
moving furniture or
boxes?
F4. ... ever do garden or
yard work including
digging, weeding, 1 2 1 2 | I I l DWMY | | I Iyears
cutting grass,
raking, or snow
shoveling?
i ?
ES. ... ever jog or run? 1 2 1 2 l l I I DW M Y l I n lyears
Fé. ... EVer use an
exercise bike, 1 2 1 2
treadmill, or other ! I | | DWMY I I I lycars
exercise machine?
Fi. ;.ufs\;;:;de abicycle | 2 1 2 | I I DW MY | I I Iyears
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Since the age of 18, a. Did you do b. During that year, c. At what age
did you ever (ACTIVITY) in the | how much time did you | did you stop
regularly... (year before your | spend doing doing
hip fracture/past | (ACTIVITY) per day, (ACTIVITY)?
year)? week, month or year?
(GO TO NEXT
(IFNO SKIP | (IFNOGOTOC) ACTIVITY)
TO NEXT
ACTIVITY BTN
YES NO YES NO MIN. D WMY AGE

F8. ... swim laps? 1 2 1 2 | | I l DW M Y I I I Iyears

F9: ... ever do aerobics | I I | DWM Y | l | l -
classes or aerobic 1 2 1 2 y
dance? '

F10. ... everdo other
kinds of dancing
including square
dancing, country 1 2 1 2
dance, ballroom
dancing or other
kinds?

Fl11. ..everdo l I I l | I | |
calisthenics or other 1 2 1 2 BB years
similar exercises?

F12.  ...ever do yoga, Tai- l l I | DWM Y | I I chars
chi exercise, or other 1 2 1 2
similar exercise?

F13. ... ever ski downhill 1 2 1 2 I I I I DW M Y I I I Iyears
or cross-country ski?

F14. .. ever play tennis, 1 2 ] 2 | I I | DW M Y I | I 'ycars
racquet ball, or
squash?

F15. .. everlift weights? 1 2 1 2 I I I | DW M Y | I l |years




G. OCCUPATIONAL HISTORY

The next group of questions is about work you have had during your life time.

Gl.

What kind of work have you done for the
majority of your working life, for
example, homemaker, farmer, rancher,
electrical engineer, typist, sales clerk?

How old were you when you started
doing this type of work?

How many years did you do this type of
work?

What was the name of the company or
business?

What kind of business or industry was
this (for example, TV and radio
manufacturing, retail store or work at
home or on a farm)?

What were your most frequent activities
or duties (for example, typing, keeping
account books, selling cars, keeping
house)?

I'd like to know about the activity level
of this job. Did you ...

RESPONSE 3: WOULD CAUSE A SLIGHT
INCREASE IN HEART RATE AND LIGHT
PERSPIRATION.

RESPONSE 4: WOULD CAUSE A
SUBSTANTIAL INCREASE IN HEART RATE

AND HEAVY PERSPIRATION

KIND OF WORK

LOOOO0O00O4g
AGEIN YEARS: ..:.ccnsussmnsnns LI_U

NUMBER OF YEARS .z oi: 5 anmias o I_U

(IF HOMEMAKER, SKIP TO Gle)
HEEE

NAME OF COMPANY OR BUSINESS

NN NN

L,

HEEN
2,

EEEN
3.

EEEN

Usually sit with only minimal standing and

walking,or ....... ... .. ool 1
Stand or walk most of your working time,
(6) R S B e, P e 2

Carry loads less than ten pounds or walk
continuously most of your working hours,
(o] (R S L S PRy 3
Carry loads of ten pounds or more, walk
briskly, climb or dig most of your working
PROIES 12 . 2t s o e on e R o o o S 2 0 4
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G2.

Has there been another kind of work you

have done for 5 or more years? (NOT
NECESSARILY CONSECUTIVE YEARS)

What kind of work was that?

How old were you when you started doing
this type of work?

How many years did you do this type of
work?

What was the name of the company or
business?

What kind of business or industry was
this (for example, TV and radio
manufacturing, retail store or work at
home or on a farm)?

What were your most frequent activities
or duties (for example, typing, keeping
account books, selling cars, keeping
house)?

I'd like to know about the activity level of
this job. Did you ...

RESPONSE 3: WOULD CAUSE A SLIGHT
INCREASE IN HEART RATE AND LIGHT
PERSPIRATION.

RESPONSE 4: WOULD CAUSE A
SUBSTANTIAL INCREASE IN HEART RATE

AND HEAVY PERSPIRATION

YEST: ais s i Saimess § 37 Beus ahbiests soviond 4 w6 1

KIND OF WORK

IEEEEEEEN
AGEIN YEARS . :: s connames s LU_.I

NUMBER OF YEARS : cis st s v s wma + I_‘l_]
(IF HOMEMAKER, SKIP TO G2f)

RN

NAME OF COMPANY OR BUSINESS

HnEN

1.

HEEN
2.

Qo000
3:

HEEN

Usually sit with only minimal standing and

walking,or ........ ... ... il 1
Stand or walk most of your working time,
OF 605551 & 05,8 & 3 51 %18 30 50 8 19 3 5105 5108 550 R 6 0 6 6 2

Carry loads less than ten pounds or walk
continuously most of your working hours,
T ke R e T e T 3
Carry loads of ten pounds or more, walk
briskly, climb or dig most of your working
ROMIES e a2 oo o e e i 3 4
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G3.

Has there been another kind of work
you have done for 5 or more years?

What kind of work was that?

How old were you when you started
doing this type of work?

How many years did you do this type of
work?

What was the pame of the company or
business?

What kind of business or industry was
this (for example, TV and radio
manufacturing, retail store or work at
home or on a farm)?

What were your most frequent activities
or duties (for example, typing, keeping
account books, selling cars, keeping
house)?

I'd like to know about the activity level

YES: 5 imis vimo o miens § 55 50605 § 50005 £ 575 o § Wi €5 9 1
NO(SKIPTOGA), «:5cv ¢ 2 mosi s wimimsia s s avmaan s s s 8 2

KIND OF WORK

EEEEENNEE
AGEIN YEARS ... e i smseness LLLI

NUMBER/OF YEARS , . ool ~ < i 1 5 I._‘._'

(IF HOMEMAKER, SKIP TO G3f)

RN

NAME OF COMPANY OR BUSINESS .

RN

1.

Q000
2

HEEN
3

ENEN

Usually sit with only minimal standing and

of this job. Did you ... WALKING: OF - s ¢ 16505 70 i1 5 000 30 0w 98 w7 1
Stand or walk most of your working time,
(o] R U E B Y RN B L L S 2
RESPONSE 3: WOULD CAUSE A SLIGHT Carry loads less than ten pounds or walk
IHERSASE D HEARTRA B ANDLIGHT continuously most of your working hours,
RERSEICL R T8 e 2010 SO B T s e i A A A T 3
RESPONSE 4: WOULD CAUSE A Carry loads of ten pounds or more, walk
SUBSTANTIAL INCREASE IN HEART briskly, climb or dig most of your working
RATE AND HEAVY PERSPIRATION NOUTS 7 s e smistion s 515 33 53 50 1 s s g e B 4
G4.  What was your employment status (at Employed : cosuninicas sunamonasmsase 1
the time of your hip fracture/duringthe | Retired ............................ 2
last month)? Were you... ADOMEMAKEE . . ¢.0ssw 8505 st 5o tm s mws o 3
Able to work but unemployed .......... 4
Disabled and unable to work ........... 5
Orisomething €lSe . . s qime wr i g o v 6
SPECIFY:
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H. NUTRITIONAL ASSESSMENT
The next part of the interview is an activity that will help us find out about your diet.

Hl. ADMINISTER PICSORT FOOD FREQUENCY
QUESTIONNAIRE
H2. What kind of oil, fat or shortening do you OIL (LISTMAINTYPE) ............ 1
usually cook with? (MARK 1 CHOICE.) TYPE OF OIL:
SOFT OR TUB MARGARINE ........ 2
STICK MARGARINE ............... 3
BUTTER® . koich bty ofvw 8 senus s woiione o o 4
LARD, FATBACK, BACON FAT ..... 5
VEGETABLE SHORTENING ........ 6
PAMORNOOIL . :onsannmssamasss 7
DONTCOOLK, . . . : 5ol piatiins sincas ¢ 8
DK v ammns e Ehto awin & Safiusonis sheroe » 98
H3. What kind of oil, fat or shortening do you OIL (LISTMAINTYPE) ............ 1
usually add to vegetables, potatoes, and Sogp CI)EROT?};I;;ARGAMNE' >
ey QAR LS STICK MARGARINE ............... 3
BULETER' i: . ot 5 ke e covenatt ohoiiens 5 20ts 4
LARD, FATBACK, BACONFAT ..... 5
PAMOR NOOIL: : s oamims s sisioss 6
DONT ADD FAT . ... cueeconmsessios 7
DK s e sssis s s w0 s 3 assivge wisssives = ot 98
H Wlankaog bk tO' your yom_mger Sl GLASSES PER WEEK ' . ..o s e I._I._‘
often per week did you drink an 8 ounce glass
of milk when you were 18 years old, or
around the time you may have finished high
school?
HS. Please tell me if you have ever avoided any of the following foods in your diet, for

any reason, for a year or more. Have you ever avoided ...

a.

b.

C.

... all red meat, that is beef, pork, and lamb?

... chicken and turkey?

... fish?

YES (SPECIFY NUMBER OF YEARS) . |

NO & i 50w s 5508 a5 5 s &+ o s« o 2
NUMBER OF YEARS ........... L.I_l
YES (SPECIFY NUMBER OF YEARS) . |
NO' 2 wowmies ss Twnes s e weden ¢ o 2 o 2
NUMBER OF YEARS .. :cqiiv:s I_U

NOE G800 20 5 onbeth i 5 e §i0A 5 SoaE S 8 2
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d.

€.

f.

...eggs?

... milk?

... other dairy products, that is cheese, yogurt
and ice cream?

YES (SPECIFY NUMBER OF YEARS) . |

NOW < cc s 55 S speios sosieians 5 8 o 5 S w5 @ 2
NUMBER OF YEARS . ....ccu0vs LU
YES (SPECIFY NUMBER OF YEARS) . |
NG o s v s s s 5 S0 w30 BN 2
NUMBER OF YEARS ... ........ u_j

YES (SPECIFY NUMBER OF YEARS) . |
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J. DIETARY SUPPLEMENTS:
Now, I would like to ask you about your use of dietary supplements in the (year before your hip
fracture/past year). Would you please take out any bottles of vitamins, minerals, or other
dietary supplements that you have taken.
Jil- Did you regularly take multi YES! - 85 i o g malinteatoss soma s sncen £ 5 5 0 5 1
vitamin/mineral supplements in the NOGSIIPTOUR2) o il 5 o 00 i 8
(year before your hip fracture/past
year)?
2. What specific brand or brands of BRAND AND TYPE:
multivitamin/minerals do you use? DDDD
ASK FOR THE BOTTLES AND
RECORD FULL NAME OF BRAND AND (101000
b, How many years haye yop faken NUMBER OF YEARS ................. LL
multivitamin/minerals?
i ?
G Heweiien did youtake them] NUMBER OF TIMES ................. LE
DAY 0 o5 wimoe wuves s wiromsin s wyets s wseis v 1
PER{ WEEK ........ooiiiiieninnnnn... 2
MONTH .. ... G BRI D O P 3
YEAR' s ioies susmy simis o arosore o svaze s wioze 4
TOIE. 30500 5 580 s o ST e s it 8 PRI E AL & Ao 8
32, Other than a multivitamin/mineral, did | YES ..... ..., 1
you regularly take any combination of NO(SKIP TOIS) <o s siaim s om0 5 5 s 5 wv0r 8 2
two or more vitamins or minerals that
came in a single pill in the (year before
your hip fracture/past year)?
a.  What specific brand and type of BRAND AND TYPE:
combination dietary supplement do DDDD
you use? ASK FOR THE BOTTLES AND
RECORD FULL NAME OR BRAND AND DDDD
TYPE:
i many yea.lrs i fal sl NUMBEROF YEARS .. ............... I__]I_I
combination dietary supplement?
: ?
& Howoltendid you ke them NUMBER OF TIMES . ................ LILJ
DAN sonssatoss sl 45 5 s b mms 25 58 b 1
PER{ WEEK . ....c..umsmmimeommsssmse 2
MONTH . i5edo s pumads sobs & e 3
YEAR i isosinnisnvmss snassswss 4
DK ciecton of Sl f ] LR e n 8
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Did you regularly take any other A S S G L RO NP 1
combination dietary supplement in the [ NOSKIPTOJS)......oninnnn 2
(year before your hip fracture/past
year)?
What specific brand and type of BRAND AND TYPE:
combination dietary supplement do DDDD
you use? ASK FOR THE BOTTLES AND
RECORD FULL NAME OR BRAND AND DDDD
TYPE.
. many ycz.irs e For ke i NUMBER OF YEARS ... . . s v s s wvn s I_]LJ
combination dietary supplement?
i 9
Hperaton i gy et NUMBEROFTIMES ................. Ll_l
DAY 5 o ssporsn s wam s s s s iwie 0 4 i g 351 8 1
PER{ ‘WEEK. ::isisicesscmussameinsssoe 2
MONTH: - e e e S sl 3
YEAR . loles funho e St s Dt il o % 4
DK icies's s aming s s s sme 1o mm s w5 i 8
Did you regularly take any other YES . o haiesnle o e it obasedn sl oo R et o 1
combination dietary supplement in the NO (SKIP TO I5) ¢ o sscus s svsre v vsos o wionn & s s 2
(year before your hip fracture/past
year)?
What specific brand and type of BRAND AND TYPE:
combination dietary supplement do DDDD
you use? ASK FOR THE BOTTLES AND
RECORD FULL NAME OR BRAND AND DDDD
TYPE.
How many years have you taken this |\, ipep oF YEARS ................. LI
combination dietary supplement?
i 9
g Siestii yorcton Lstd NUMBER OF TIMES ................. LI
07 O 1
PER{ WEEK ' ....:iizi sesssvessngcais 2
MONTH . e <o vomvi s o e o i e o i = 3
YEAR @ 56 quesnmm s s mom o 95 ¢ s 2945 5 4
| B) R R T Er S g 8
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Now, I am going to ask you about individual vitamins, minerals, and other dietary supplements that you
take by themselves. 1 would also like to know the strength or dose of the dietary supplement and how
often you took them. You don’t need to tell me again about the vitamins, minerals, and other dietary
supplements we’ve already recorded.

a.
In the (year before your hip
fracture/past year) did you

b.
How many years
have you taken

c.
How often did you take
them?

d.
What dose did you
usually take each time?

regularly take... (VITAMIN)?
IF NO SKIP TO NEXT VITAMIN
15, YES ..... 1 | NUMBER OF LLLLL
¢ R g umser of Tives |l | pose v ..
=y s L1
Hamin. DAY .......... 1 | Less THAN 8000 TU ...... 1
PER{ WEEK ........ 2 | 8,000TO 13,000 U ...... 2
MONTH ....... 3| 13,001 TO 22,0001V .. .... 3
YEAR ......... 4 | 22,001 TUOR MORE ..... 4
DKt 8 | DK oo, 8
, YES ..... 1 | NUMBER OF LLLLL
i NO 5 wumser oF Tives || | pose w1 ..
vears.. LLILJ
Beta carotene DAY .......... I | LEss THAN 5,0001U ..... 1
PER{ WEEK ........ 2 | 5,000 TO 10,0001U ... ..... 2
MONTH ....... 3 | 10,001 TO 25,0001V . ..... 3
YEAR ......... 4 | 25,001 TUOR MORE ..... 4
DK oo, 8 DK covoeeeeaan 8
7. YES ..... 1 | NUMBER OF LLJ LLLLLI
NUMBER OF TIMES DOSE IN MG .
NO ...... 2 LU U
— YEARS . . .
itamin C DAY .......... 1 | LESS THAN 400 MG ..... 1
PER{ WEEK ........ 2 | 400 TO700MG . ......... 2
MONTH ....... 3| 701 TO1300MG ......... 3
YEAR ... ... 4 | 1301 MG OR MORE .. ..... 4
DK oo 8 DK oo 8
18. YES ... I | NUMBER OF
NO 5 numser of Tives || | pose m1u . LA Ed]
o vears. LIl
Vitamin E DAY .. ... .. . I | LESSTHAN 1001U ...... I
PER{ WEEK ... .. .. 2| 100 TOS00IU ........... 2
MONTH ... ... 3| 501 TO1000IU .......... 3
YEAR ... . ... 4| 1001 IUOR MORE ....... 4
DK oo 8 DK oo 8
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a. b. Cs d.
In the (year before your hi How many years | How often did you take What dose did you
Y p Y'Y A
fracture/past year) did you have you taken them? usually take each time?
regularly take... (VITAMIN)?
IF NO SKIP TO NEXT VITAMIN
J9. YES ..... I | NUMBER OF LLLLU
. NO . 2 NUMBER OF TIMES I_LJ DOSE IN MG .
i YEARS .. LL”_J
caum DAY .......... I | LESS THAN 400 MG ..... I
PER{ WEEK ........ 2400 TO90OMG .......... 2
MONTH ....... 3901 TO1300MG ......... 3
YEAR ......... 4| 1301 MGORMORE ...... 4
DK -2 v s e st 8 [EDKI sv. 5 =i s st nan 8
] YES ..... 1 | NUMBER OF ||| IIII”
1o NO ... 2 NUMBER OF TIMES DOSEINIU ..
A vears .. LLILI |
ool DAY .......... 1 | LESSTHAN200IU ...... 1
PER{ WEEK ........ 2 [ 200 TO400TU ........... 2
MONTH ....... 3| 401 TO1,000IU ......... 3
YEAR ......... 4 [ 1,001 TUORMORE ...... 4
DE :ozlomrmd o d e et 8 | DK ... b ses 8
YES ..... 1 | NUMBER OF
Hi. NUMBER OF TIMES I_U DOSEINMG. .. LLLU
NO ...... 2 LL“__I
AT YEARS ..
U p DAY .......... 1 | LESS THAN10MG ...... 1
PER{ WEEK ........ 2|[10TOSOMG ............ 2
MONTH ....... 3[51TO100MG ........... 3
YEAR ......... 4 [ 101 MGORMORE ....... 4
15) U 38 6 5) < 8
YES ..... 1 | NUMBER OF
112 NUMBER OF TIMES LLJ DOSEMCG ... LLLLJ
NO ...... 2 LL' u
| YEARS .. !
Vitamin B12 DAY .......... I | LESS THAN 20 MCG .. ... 1
PER{ WEEK ........ 2[20TO100MCG ......... 2
MONTH ....... 3101 TO250MCG ........ 3
YEAR ......... 4 | 251 MCGORMORE....... 4
51 <A Sl S S R [ T < D P R 8
YES ..... 1 | NUMBER OF
I, NUMBER OF TIMES LLI DOSEINMG ... LLLU
NO ...... 2 LLI u
" YEARS .. |
i DAY .......... I | LESSTHAN20MG ...... 1
PER{ WEEK ..;..:.: 2|20MGTOSOMG ........ 2
MONTH ....... 31SITOI0OMG ........... 3
YEAR ......... 4110l MGORMORE ....... 4
DK .. BIDBK ...covvmnnsnnsssnnss 8
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a.
In the (year before you hip
fracture/past year) did you

b.
How many years
have you taken

C
How often did you take
them?

d.
What dose did you
usually take each time?

regularly take... (VITAMIN)?
IF NO SKIP TO NEXT VITAMIN
4. YES ... 1 | NUMBER OF | l | | | |
4 NO . 2 NUMBER OF TIMES [_U DOSE MCG .
Falic Acid YEARS .. LL”_’
olic AcCl
DAY .vwveaves I | LESS THAN 300 MCG ... |
PER{ WEEK ........ 2 {300 TO400 MCG ........ 2
MONTH ....... 3 1401 TOB0OMCG ........ 3
YEAR......... 4 | 801 MCGORMORE........ 4
DK .....ocivnininnnn 80 5 5) S PR 8
: YES ..... 1 | NUMBER OF
— NUMBER OF TIMES LL' DOSEMCG .... LI.J._L,
NO ...... 2 |_|
Bl YEARS .. LLl
elenium
DAY .......... 1 | LESS THAN 80 MCG ...... 1
PER{ WEEK ........ 2 (80TO130MCG ......... 2
MONTH ....... 3131 TO250MCG ........ 3
YEAR......... 41251 MCGORMORE....... 4
DK ..ivvniiniiniinn 8 IIDE .. 55sstomme i 8
YES ..... 1 | NUMBER OF
&E6. NUMBER OF TIMES I_LI DOSEINMG...... LLU
NO ...... 2 Ll
; YEARS.. LLI
. DAY .......... I [ LESSTHAN25MG ...... 1
PER{ WEEK ........ 2 [25TOT5MG ...cennnn... 2
MONTH ....... 3[76TO100MG ........... 3
YEAR......... 4 101 MGORMORE ....... 4
DR R EEE e 8 1IDK semmissss s 15 annmpa 8
YES ..... 1 | NUMBER OF
13, NUMBER OF TIMES l_l_l DOSEINMG ... LLLLI
NO ...... 2 U
) YEARS .. [_LI
hAghes DAY .......... 1 | LESS THAN200 MG ..... 1
PER{ WEEK ........ 2 (200TO300MG .......... 2
MONTH ....... 3 1301 TO400MG . ......... 3
YEAR ......... 4 [ 401 MGORMORE ....... 4
DK oo B ITOK i ovves s vas0s vam s s o 8
YES ..... 1 | NUMBER OF
18, NUMBER OF TIMES I_L| DOSEINMG . .. I_LLLJ
NOL s 2 U
5 YEARS .. LU
C
s DAY .....i.aes I | LESSTHAN25MG ...... 1
PER{ WEEK ........ 2(25TOTSMG ............ 2
MONTH ....... 3176TOI00MG ........... 3
YEARL:. o os = a1 41101 MGORMORE ....... 4
(0] (P e B DK . oiiiiiisiieisen 8
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®
J19. In the (year before your hip VES . bt ol I
fracture/past year) did you regularly NO(SKIPTOJ20) v v oo vveescomuimncnns et 2
take herbal preparations?
What specific brand and type of herbal | BRAND AND TYPE:
preparation do you use? ASK FOR THE DDDD
BOTTLES AND RECORD FULL NAME OR
BRAND AND TYPE. HER N
Ho ma.ny years did you fxke hortal NUMBER'OFYEARS ;. ::ccqicseiss I_LH_I
preparations?
i ?
o ofiardid o ke tisud NUMBER OF TIMES ................. LLJ
DAY :vimasmmrseasssssnmnnimnni 1
PER{ WEEK .....ooooinnianannnnennn. 2
MONTH ...c.omsespufiosimmmmsoe 3
YEAR ..o swissns wunmarsste 4
(0L S SR S o e e s 8
J20. In the (year before your hip
fracture/past year) did you regularly
take...
Any other nutritional supplement? YES (SPECIFY BELOW) ...........coo.un. 1
18[00 Somonrenontdeoaan0g S3n IR 3600 HEE06RAT 2
BRAND AND TYPE:




K. MEDICATION HISTORY:
Now [ would like to ask you about medications you have taken.

KI. During the (year before your hip WIES: (& 15 o i s o sz e s ot ot I
fracture/past year), have you taken any | NO «-.ovvoiiiii 2
medications that were prescribed for g& """"""""""""""""""""" ;
you or were prescribed for someone | T
else and given to you by family
members or friends?

K2. We are also interested in other VES. .« 1 ciwn sty wssiosvenstuiinns fisevars < scaims s o o s I
medications that do not require a NO oo 3
Sreseripbon, Suck g Aeproios olher gf( ...................................... ’
o Mallers, [aarives, cobtredicips, o ot 1esssmmen st i il £ AR 1
or herbal medicines. During the (year
before your hip fracture/past year),
have you taken any non-prescription
medications?

0 YES (CONTINUE) ....oooiaeeaannnnnnn. 1
0 NO(SKIP TOKG) 5« 5 s.vs + s 55 s s i & wioe 2

K3. May I please see all the prescription
and non-prescription medication
(containers) that you used in the (year
before your hip fracture/past year)?
LET R GATHER MEDICATIONS.
Let’s put them into two separate piles.
SEPARATE THE PRESCRIPTION FROM THE NON-PRESCRIPTION
DRUGS. LIST ALL PRESCRIPTION MEDICATIONS ACROSS ROW A ON
THE MEDICATION INVENTORY.

K4. Are there any other prescription

medications you’ve used in the (year
before your hip fracture/past year) that
you don’t have here?

LIST ANY ADDITIONAL PRESCRIPTION MEDICATIONS ACROSS ROW
A ON THE MEDICATION INVENTORY. RECORD OR ASK B-H FOR ALL
PRESCRIPTION MEDICATIONS LISTED.
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KS5.

Now I would also like to ask you
about the non-prescription
medications that you have taken in the
(year before your hip fracture/past
year). First, let me list the non-
prescription medications you have
here.

LIST ALL NON-PRESCRIPTION MEDICATIONS PROVIDED ON THE

MEDICATION INVENTORY.

KSa.

Are there any other non-prescription
medications that you’ve taken in the
(year before your hip fracture/past
year) that you don’t have a bottle for?

LIST ANY ADDITIONAL NON-PRESCRIPTION MEDICATIONS ACROSS
ROW A AND RECORD OR ASK B-H FOR ALL NON-PRESCRIPTION

MEDICATIONS.

Ke6.

I would like you to think very
carefully over your past and try to
remember if you have ever been
bothered by any of these illnesses or
problems...

...headaches or migraine headaches?

... joint pain or back pain, including
arthritis, gout, bursitis, rheumatism, or
other joint pain?

...pain from injuries or operations, or
other medical procedures or chronic
conditions?

- INTERVIEWER CHECKPOINT: -

YES' ¢ isniunel oos fme s tigan.die soies 8 ses s Hs 6 1
N (2 vieie s s b o wimtdors Siwis srsis 31 wavard s wisim o 2
YES. cnos iucms sus s umes s 5005 68 & § alens s ¢ 1
] (O R O Ay R PR IR . 2
YES' 555 0005 s 20505 5 s ¢ 6 50 s 5 0005 § s & 5 e 1
NG 5000 5 m s 58 5 800 00 Shale  Sum o o 5 5 300k & 5 0 2

BN

-IF SUBJECT ANSWERED NO TO ALL CON DlTlONS IN K6, SK]P TO K9.
SHOW DRUG CARD I

K7.

Please look at this card. Itis a list of
medications that are often taken for
the painful or inflammatory conditions
that we just discussed. Can you read
the names of the drugs without
difficulty?

YES (ALLOW SUBJECT TO LOOK AT LIST) . |

NO (READ ALOUD TO SUBJECT) ...........
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K8.

You don't have to tell me again about
your medications that we already
recorded. Could you please tell me if|
in the (year before your hip
fracture/past year), you have ever used
any of the medications on this card
regularly?

YES
NO(SKIP TO K9) «wuosvwwn i vmms s s o v v s

AS EACH MEDICATION IS REPORTED BY RESPONDENT, RECORD ON
MEDICATION INVENTORY AND ASK QUESTIONS B-H FOR EACH

MEDICATION.

IF RESPONDENT CAN NOT READ,

CONTINUE TO READ ENTIRE LIST

UNTIL R REPORTS ALL USAGE FOR DRUGS ON THIS CARD.

- . IFSUBJECT ANSWERED NO TO ALL CONDITIONS IN K9, GO TO Kll. ;

Now I would like to ask you about
some stomach, bowel or
gastrointestinal problems. Have you
ever had a problem with...

...ulcers, heartburn or indigestion?

...gastritis, esophagitis, reflux or hiatal
hernia?

...irritable bowel syndrome,
constipation, diarrhea or other
stomach or bowel problems?

INTERVIEWER CHECKPOINT:
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SHOW DRUG CARD II

K10.

Remember, youdon't have totellme [ YES ..................... .. :
about the medications we have already S S s i
recorded. Afiler we have read this list,
could you please tell me if] in the
(year before your hip fracture/past
year), you have ever used any of the
medications on this card regularly for
any of the stomach, bowel, or
digestive conditions we just talked
about?

AS EACH MEDICATION IS REPORTED BY RESPONDENT, RECORD ON
MEDICATION INVENTORY AND ASK QUESTIONS B-H FOR EACH

MEDICATION.

KI1.

Have you ever had problems with...

...hay fever, seasonal allergies or YES: < ik 22 s #inis #4500 24 90a £ 45500 1§ FeE s Bk

asthma? O . e oe s « oo o § o v 8 o e oo i 48 g 0 s 2
...chronic colds, bronchitis, sinus YES: & i vu casma 08w s iaon o v s am oo § s 5 5 wms s I
OV 52 oo s im0 2 St 5 ST £ 5 o ¥ 2oad & sl 7 Bt 5 2

problems or pneumonia?

Have you had emphysema or chronic b0 OIS R R SR PR
obstructive pulmonary disease?

__INTERVIEWER CHECKPOINT: . .. .. .w.

- IFSUBJECT ANSWERED NO TO ALL CO\blTlONS lN Kll GO TO Kl3.

SHOW DRUG CARD III

K12.

Here is another drug card. WIES! oo i o i s s v e s e 5 o 0%
Remember, you don't have to tell me
again about the medications we have
already recorded. After we have read
this list, could you please tell me if, in
the (year before your hip fracture/past
year), you have ever used any of the
medicines on this card regularly?

AS EACH MEDICATION IS REPORTED BY RESPONDENT, RECORD ON
MEDICATION INVENTORY AND ASK QUESTIONS B-H FOR EACH

MEDICATION.
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Ki13.

Now, I would like to ask about
problems people often have with
sleep, their nerves, or their mood.
Have you ever ...

... had sleep problems, anxiety or :gs

nerve problems? ’
... been sad, felt blue, down or YES

depressed for two weeks or more? NO .
...had manic-depression, bipolar YES

disorder, schizophrenia or other NO .
mental health problems?

...had seizures or convulsions? YES

SHOW DRUG CARD IV

K14.

Here is another drug card. After we
have read this list, could you please
tell me if, in the (year before your hip
fracture/past year), you have ever used
any of the medications on this card
regularly?

AS EACH MEDICATION IS REPORTED

MEDICATION INVENTORY AND ASK QUESTIONS B-H FOR EACH

MEDICATION.

BY RESPONDENT, RECORD ON
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L. MEDICAL HISTORY:

L1. Has a doctor ever told you that you had T 1
ostcoporosis or bone loss? QS.[C.QI&LQSIS NOUSKIP TOLLZ)  v.oox apirzons s semshths swsm s 2
includes broken bones due to bone loss and PRERIEROIRY o corvtt 1 Py s .
thinning of bones that occurs with aging, loss
of height because of bone loss in the spine, or
a “Dowager’s hump” in the spine because of
bone loss.

a. How old were you \jvhcn you were told that T u_u
you had osteoporosis?
b. Did you receive medical treatment or YES st otiorshe o s et 5% aifi o st o 1
medication for osteoporosis? gg (SKIPTOL2) ... g
c. Are there any medications that you have YES(GOTOMI)........ N 1
taken for osteoporosis (in the year before your NO v v s s s wm 3 voREosEs 2
hip fracture/past year) that you have not told
me about?
L2. Has a doctor ever told you that you had YES o o st ssins smmes s winioias s 1
arthritis? NO(SKIPTOL3) ........cvnannnn. 2
DK(SKIPTOL3) «.ooeennnnnnn. 8
a. What type of arthritis did you have? Wasit... | Osteoarthritis ................ 1
Rheumatoid arthritis .......... 2
Both osteoarthritis and rheumatoid
ALtHEIS v momsismsslo smmewaies 3
Other (SPECIFY BELOW) ..... 4
) 8
b. Did you have arthritis in your hip joint(s)? 14 2 I e PP ;
IRL00 oo ) e A 4 LT G B B .0
] 8
c. Did you have arthritis in your knee(s)? VES' ame v rumin v ohe s oves 5 5 m e 855 1
IO o smom o oo s ot o o 5 655t 08 er o 2
DK o vsisssiwnvemmssnmessmmassesss 8
d. Did you have arthritis in your feet? YES: (o= 554 sins s o s s wies s 8550 45 55048 1
IO 25 0 im0 Bresinio o o v o 578 = 3 & icnre § 1o B .5 2
(B ) ottt il D e P D GRAGIG B S 8
d. Did you have arthritis in your hand(s)? VES . itol= e s ol o AEaNats s ahemitiey S e
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Did you have arthritis in your elbow(s)?

Did you have arthritis in your shoulder(s)?

Did you have arthritis in your spine or back?

How old were you when you were first told
that you had arthritis?

Did you receive medical treatment or WS .« vvis e 8 < o 5 i i 3 i o e l
medication for your arthritis? NQ(SKIPTOLB) < i svmsssamasnmesn 2
DR i1 s st ot i o = e o o e o sees wiieed oo o 8
Are there any medications that you have YES (GO TO MI) . . oo ¢ susisns 5 s 5w o 1
taken for arthritis (in the year before your hip Q' 5y o5 0 2 5 s 5 2 = s 7 3 45 5.4 s 2
fracture/past year) you have not told me
about?
L3. Has a doctor ever told you that you had high | YES .......................o..... 1
blood pressure or hypertension? NO(SKIPTOLA) ........covinnn. 2
DK(SKIPTOLA) « : ¢ we = cossuin s s s wim s 8

How old were you when you were told that
you had high blood pressure or hypertension?

Did you receive medical treatment or
medication for high blood pressure or
hypertension?

Are there any medications that you have
taken for high blood pressure (in the year
before your hip fracture/past year) you have
not told mc about?

AGE N YEARS .o :omssnmes I_.I_LJ

L4.

Has a doctor ever told you that you had a
heart attack?

How old were you when you were told that
you had a heart attack?

Did you receive medical treatment or
medication for your heart attack?

Are there any medications you have taken for
your heart attack (in the year before your hip
fracture/past year) you have not told me
about?

DS 55mn0 a0 0000 S EEOGEE0 Bes 0 S E0 P AT I
NO (SKIP'TOLA) 4uix v ss s s simss sims 5w 2
DK v 02 mmm 2 3 aamats sie 25 5w 5 08 § 8
YES(GOTOMI)................... 1
IRIOF v oo o et o e e AR T DS e 2
S G e et o 1
NOI(SKIP TO L5) . cnivsamsessnismiss 2
DK (SKIPTOLS) .........c.oouvn.. 8
AGEIN YEARS ............ ULH._I
YIES: 5655 59 £ 55005 = mus o st # e = misin s 1
NO(SKIPTOLS) .................. 2
DE: - e cons v nsimn s we pe s o5 60 75 02 3 6 8
YES(GO TO MI):: . ciinisssigsomess 1
WO .« o vt oo = oo e« winss o8 e 2
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LS.

Has a doctor ever told you that you had a
stroke?

How old were you when you were told that
you had a stroke?

Did you receive medical treatment or
medication for your stroke?

Are there any medications you have taken for
your stroke (in the year before your hip
fracture/past year) you have not told me
about?

WES 555 oo oo v 5 5 i 3 3 s 70 0 4 4 3
NO(SKIPTOLE) ..o
DK (SKIPTOL6) ...ooveeenn. .

AGE IN-YEARS . .cccuiosnnn LU__I

YES s e v e oo o o snocn s o 2

Leé.

Has a doctor ever told you that you had
diabetes?

How old were you when you were told that
you had diabetes?

Did you receive medical treatment or
medication for your diabetes?

Are there any medications you have taken for
your diabetes (in the year before your hip
fracture/past year) you have not told me
about?

AR e e i sy
NO(SKIPTOLT) 'eoveeneaannn...
DK (SKIPTOLT) ©.eeennnnnn.

AGE IN YEARS' . oo bl st LI._I_I

YES e comvesmmvsmmess g o5 mE s e

B E Ao e o i B G m O O B

NO &« i s e o 5 mms 5 oy s 5 mmmn s o mys &
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L7.

Has a doctor ever told you that you had
cancer?

What type of cancer was it (PRIMARY SITE)?

How old were you when you were told that
you had this type of cancer?

Did you receive medical treatment for this
type of cancer?

Did you have another type of cancer?
What type of cancer was it (PRIMARY SITE)?

How old were you when you were told that
you had this type of cancer?

Did you receive medical treatment for this
type of cancer?

Did you have another type of cancer?
What type of cancer was it (PRIMARY SITE)?

How old were you when you were told that
you had this type of cancer?

Did you receive medical treatment for this
type of cancer?

Are there any medications you have taken for
your cancer (in the year before your hip
fracture/past year) you have not told me
about?

B BN o o s e g g sk !
NO (SKIPTOLS) .....oouvnnnn... 2
W, [SRIP TERIRY . 0 sovcs s s s s 8

YES o sonvs v ot st v 65585 3 884 sam 1
210/ RE . ST LN AP SR L D=, 2
NES & womossssums s s oms s 5 800 08 G0 63 1
NO(SKIPTO LT ¢ 5 cone s 500005 6050 2

YESi. cicvusmmmessmonyamme s gasm g oie g 1
NO! s s s smm v 5w s & onsim & 5 58 & 35 3 2
2059 nolon 00 S B o B0 0 B BOIGO 0TS GO Ok 1
NOWSKIPTO LT ; vioncs s ¢ wo s sssisii s 00 2

LS.

Has a doctor ever told you that you had
kidney disease?

How old were you when you were told that
you had kidney disease?

Did you receive medical treatment or
medication for your kidney disease?

Are there any medications you have taken for
your kidney disease (in the year before your
hip fracture/past year) you have not told me
about?

0 1
NO et 2
YES(GOTOMI) .. .eoeeeennnn. 1
NO oo g)
YES ot 1
NO (SKIPTOLY) ....oovveennnn.. 2
DK (SKIPTOLY) ..., 8
AGEIN YEARS ............ LLLI
YES oo 1
NO(SKIPTOLY) ..., 2
DR e e e ssase 5 e o i s o s et 8
YES(GOTOMI) ..o, 1
NS i a6 220 e e e 2
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L9. (WOMEN ONLY) Has a doctor ever told you YES .oooivnviiininsemunnseiunssns I
that you had endometriosis? NO (SKIP TOLNOY o, oo sivmin o 5 susksisnn 2
DK (SKIPTOLIO) ... 8
H
ow old were you w%xcn you were told that I I u H |
you had endometriosis?
Did you receive medical treatment or ) ¢ = FET R R —— 1
medication for your endometriosis? gg KBRIFTOLIA) 0w o roae wnet §
Are there any medications you have taken for | YES(GOTOMI)................... 1
your endometriosis (in the year before your B o s O S AR s & -
hip fracture/past year) you have not told me
about?
L10. Has a doctor ever told you that you needed YES .ot 1
“blood thinners?” NOISKIPTOELIE)Y . oo duiiic s nicos 2
DK (SKIPTOLI) oo, 8
H
ow old we:'c you wben you' were told that AGE IVEARE | I I ,
you needed “blood thinners?
Did you receive medical treatment or YES - siomrs sames s wmie & 3is60s & & isie 5 & shsisis 1
medication to thin your blood? gg (SKIP TOUSTEY oo i 5 o nsfaie siaimess ;
Are there any medications you have takento | YES(GOTOMD................... 1
thin your blood (in the year before your hip O .00 e Wermasrasid s fasoseitia L azezsiniekstate 2
fracture/past year) you have not told me
about?
L11.  Hasa doctor ever told you that you had YES' .o ¢ v s a3 weare s saimia s # 3ives sas
thyroid disease or goiter? NO(SKIPTOLI2) ................. 2
DK (SKIPTOLI2) ..., 8
How old were you when you were told that R 1 VEARS oo o I H n I
you had thyroid disease or goiter?
Did you receive medical treatment or YES .. oo o i s s oo orv o s« 1
medication for your thyroid disease or goiter? ;2 (SKIPTOLI2) .........oovvnnns ;
Are there any medications you have taken for | YES(GOTOMI)................... 1
WO o ¢ vere sl s wn o s o3 praipars s s 2

your thyroid disease or goiter (in the year
before your hip fracture/past year) you have
not told me about?
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L12. Has a doctor ever told you that you had 2 1
parathyroid discasc? NO (SK[P TO Ll3) ................. 2
DK (SKIPTOLI3) oo, 8
H
ow old were you wh.en you were told that BB ROVERRT e | I H I
you had parathyroid disease?
Did you receive medical treatment or VES: ... ool « ot a5 o s siamit o o < scssnin s o !
medication for your parathyroid disease? gg (SKIPTOLI3) ........o..ovenen ;
Are there any medications you have taken for | YES(GOTOMD................... !
your parathyroid disease (in the year before O™, st st s gl b r it = SR 2
your hip fracture/past year) you have not told
me about?
L13.  Hasa doctor ever told you that you had YES :uims oo e oo o 5 5 oot & ot 60600 1
cataracts? NO(SKIPTOLI4) ................. 2
DK (SKIP TOUIA) o 5.+ cins o6 o e 8
How old were you when you were told that ] I I I I
you had cataracts?
Did you receive medical treatment or YES 'ttt 1
mcdication for your cataracts? gg (SKIP TO Ll4) ................. g
Are there any medications you have taken for | YES(GOTOMID)................... 1
your cataracts (in thc year bcforc your hlp NG 5 506w os w00 s wee 515 wioveislnlers s g 2
fracture/past year) you have not told me
about?
L14. Has a doctor ever told you that you had YES sccisweis o s o o s sioiaie & = 5 s 1
glaucoma? NO (SKIPTOLIS) .....c..cennnnn. 2
DK (SKIPTOLLS) ..ou v s ommics s wreis 8
How old were you when you were told that ACEITTERRE . | I I l
you had glaucoma?
Did you receive medical treatment or YES) 5 oo 5i0m o « Furaine 8 26 MR 55 508 1
medication for your glaucoma? g(}z (SKIPTOLIS) oo g
Are there any medications you have taken for | YES(GOTOMI)................... |
L L R S 2

your glaucoma (in the year before your hip
fracture/past year) you have not told me
about?
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L15.

Has a doctor ever told you that you had

YTES' e ool o oimsaiims i o liioimls 5 8 50 S i 5 6 5 1

memory loss? NO(SKIPTOLI6) ... 2
DK(SKIP TO L16): o vwiuiic s s spres o 8
a. How old were you when you were told that T I n n I
you had memory loss?
b. Did you receive medical treatment or WES: . cox v sjivuse s somse o v svvcecss eve wior o o oo 1
medication for your memory loss? gg (SKIPTOLI6) ... :
c. Are there any medications you have taken for | YES(GOTOMI)................... !
your memory loss (in the year before your hip O ee s s wsssas o s svom o 5 5 5 s s wm o o i 2
fracture/past year) you have not told me
about?
L16. Has a doctor ever told you that you had YES! St S s 8 it s Sommve  volo s D pos |
Parkinson’s diseuase? NOISKIPTOLIT) .« voonn v s i s s v 2
DK(SKIPTO LI7) .. .coveesomie e 8
a ow old were you,wh.en you were told that HOR TR
you had Parkinson’s disease?
b. Did you receive medical treatment or YES: . cicia o wisiaie s wiowssa's wswissain s bice wiwiots = 1
medication for your Parkinson’s disease? gg (SKIPTOLI7) «.ovvvvnnnnnnnnns g
c. Are there any medications you have taken for | YES(GOTOMD................... 1
your memory loss (in the year before your hip [ (6 S 7 IR 2
fracture/past year) you have not told me
about?
L17. Has a doctor ever told you that you had YES| ... e ciow oiojmmieimisiaimce 2 s miuiois o ai0: arape 1
multiple sclerosis? NO (SKIP TO SECTIONM) .......... 2
DK (SKIP TO SECTIONM) .......... 8
a. Howold were you whcn'you were told that KT VEATE oo l I I I
you had multiple sclerosis?
b. Did you receive treatment for your multiple WES! . b sianat s s prevaszers o 3 vt s s s ene 1
sclerosis? NO (SKIP TO SECTIONM) .......... 3
DI o vt 53805 i iivenss o ameiotonn o Sienis » 0t £ 555 8
c. Are there any medications you have taken for | YES(GOTOMD................... !
NO i s vins s somons s s 5 5w s s, e 2

your multiple sclerosis (in the year before
your hip fracture/past year) you have not told
me about?

RECORD ADDITIONAL MEDICATIONS TAKEN IN THE (YEAR BEFORE
HIP FRACTURE/PAST YEAR) ON THE MEDICATION INVENTORY AND
ASK QUESTIONS B-H FOR EACH ADDITIONAL MEDICATION.
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M. HISTORY OF BONE FRACTURES:

Now I'd like to ask you some questions about your personal history of bone fractures.

MI.  Have you ever broken your hip? This

includes your hip joint or the top of your

femur or thigh bone, near your hip.

M2.  Which side of your hip did you fracture?

WES: ooius s seos 5 630600 55 5 .65 £ 5 5 50k 6§ HiE 6 55 65 I
NOSKIPTOMT) .o 2
DK (SKIPTOMY) ..o 8
1315 !
RIGHT ..o 2
BOTH ..o g
(o, L S U e R 8

M3. What was the date of your most recent hip

fracture?

M4.  I'd like to ask you some questions about

your hip fracture.

a. Did it happen because of a fall?

b. How did you fracture your hip, if other
than a fall?

(SKIP TO M6)
MS.  Now I'd like to ask you some questions
about your fall.
a.  What were you doing at the time of the Lyingstill ... ... .............. L
fall? Were you... SittngSUIl - aiwiminasmimnime taus s 2
Standing still ..................... 3
Transferring or changing position . . ... 4
Walking on a level surface . .......... 3
Steppingupordown ............... 6
Running or other vigorous activity .... 7
Other (SPECIFY BELOW) .. ........... 8
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b. How far did you fall? Wasit...

From bed to the floor ............... 1
From a seated position .......... v 2
From a standing position ............ 3
A standing fall from the height of one step
QRCUEDT cth W fint o e 4
A standing fall from the height of two
oL IERICRR ~ S, R 5
A standing fall from the height of a chair
00 StO0lik: o: s simssssmw s wang @5 1o A0 o n 6
A standing fall from a height greater than a
cHaIf OTSIO0] vitiy v ds W danf s ke bere 7

Other (SPECIFY INCLUDING HEIGHT) ... 8

N

DR ¢ ot b et S8 S0 B R B0 6 98
c.  What type of surface did you hit when A thick, padded rug orcarpet ......... 1
you fell? Wasiit ... A rug without padding ............. 2
Abare wood floor ................. 3
Linoleum orsofttile ............... 4
Ceramic/(hard)tile . ...cocceineinss 5
Concrete, cement, or asphalt ......... 6
Dirt, grass, or softsnow ............ 7
Hard ice or packed snow ............ 8
Other (SPECIFY BELOW) ' ............ 9
DLSE S oot G SO0 O S O B S S CE R a o 98
d. What direction did you fall? Was it... Forward .......... .. .. ... ... ... 1
CIRCLE ONE RESPONSE. Sideways (DK RIGHT ORLEFT) ... ..... 2
TOMNCHPRt - i 5. ¢ 0 i m 2mm 55w s Hi s 3
IF SIDEWAYS, PROBE FOR RIGHT OR LEFT To the lf 4
AND CIRCLE APPROPRIATE CODE. e
Backward .. os e ssin wismsmasemses S
USE CODE 2 ONLY IF SIDEWAYS AND R Other (SPECIFY BELOW) . ............ 6
DOES NOT KNOW IF THEY FELL TO THE [:]D
RIGHT OR LEFT.
BIE i w0 5 0 wm 800 605 5 55 5 6 5 5 B8 Bk B O 8
e. Just before the fall did you feel dizzy or 2 P i 0 S G o e S A 3 O D O 1
weak? NO' 5o smm & o 9560 3 W 5058 5 50 F 5 HEs ¥ UmE s 2
I s o5 7 o et 5 bl i el Mo =t imesi s 8
f. Just before the fall did you feel faint or YES! oovic o o anin o cioiorase sintaiew sk« o acanoie o o acat s 1
lose consciousness? NO ¢ oo v smmpis e ome s s s 9E s s s s wmE s e s 2
DK, ;6 ore o s v o 15550 & e 5 & 5 R 55 608 8
g. Just before the fall was your vision YES (SPECIFY BELOW) .................. 1
impaired for any reason? (1]
O 0 <57 5 405 55 5355 55 e acom o i 2ol s BGIE 2
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Just before the fall did you trip on an
object?

0 PN SUE N = S S P 2
DR i s o hoes o e 8 o o 5o amnsionh & spbessic c o 8
M6.  Did you fracture your hip another time RS e L TR e R PR P R s I
NOSKIP-TOMT), . e i e s mspmpminss oo s a5 2

before your last fracture?

Please tell me the date of each earlier time
that you broke your hip.

MONTH:I._LJ YEAR:I__IL_"._H._I
MONTH:L.n_J YEAR:l_'L_"__JU

M?7. I'd like to ask you about other bones that VAT NI e W, | R WL PLRerTY 1
you may have broken. Have you broken | NO(SKIP TOSECTIONN) ........co...... 2
any other bones gince you were |8 years
old?

MS. Please tell me the dates of fractures, the bones fractured, and how the fracture occurred.

Let’s start with the most recent time that you broke one or more bones.

159

What was the date of your

fracture(s)?

Which bones were fractured?

occur?

.How did the fracture(s)

MONTH:L.I_I YEAR:'._I_LJ_J

RN

RN

Qo

HEN

MONTH:I_.I_J YEAR:L_"J_R_]

Lot

RN

Lot

Hod

montr L] vear LI

Lad

Qo

Lot

N

monti L] vear LI

Lot

L

Lo

.
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N. FAMILY HISTORY OF BONE FRACTURE AND BONE DISEASE:

I would like to ask you about your blood relatives and whether or not any of them have ever had
a hip fracture or other problems with their bones known as gsteoporosis.

Osteoporosis includes broken bones due to bone loss and thinning of bones that occurs with
aging, loss of height because of bone loss in the spine, or a “Dowager’s hump” in the spine
because of bone loss.

NI1.

First, did your own biological mother
ever have a hip fracture?

What was your mother's age at the time
of her first hip fracture?

How did the fracture occur?

YES .ot 1
NO (SKIPTON2) « .o 2
DE(SKIP TONZ) os i wios s somunstonisanmnss 8

AGEIN YEARS :woesmmssswmanssps UUU

N2.

Did a doctor ever tell your mother that
she had osteoporosis?

At what age was your mother told that
she had some problems due to
osteoporosis?

WES 5l i sinis e €4 5558 5 5 509,578 8 30 518 achd 5 s 1
NOUSKIP TOMNI) .. .cxc. o e85 imiein s oo o hovs 2
DIC(SKIR TOMI), - cossims sammigoegeimgsing siamn s 8

AGEIN YEARS cvsenss s B 8 5 ot l._l_l_l

N3.

Did your biological father ever have a
hip fracture?

What was your father's age at the time of
his first hip fracture?

How did the hip fracture occur?

YES oottt 1
NO(SKIPTONA) «.oeeeeeeinnn. 2
DK (SKIPTONA) ..., 8

AGE BNYEARS . .o o i s see esivivns ane I_.I_U

N4.

Did a doctor ever tell your father that he
had osteoporosis?

At what age was your father told that he
had some problems due to osteoporosis?

RS e 1 s ol S it ions okt o 1ans ek ol 1 B R 1
NO(SKIP TOMNS) - - vivu v s e s s s oo s susin e 2
DK(SKIP TONS) 504z smecsssmmnsyms s smes 8

AGEIN YEARS ;i1 6 551 wsnmemsmmssis LJUU

NS.

How many daughters do you have?

NUMBER OF DAUGHTERS .....cv.un.s UU
(IF NONE, ENTER 00 AND SKIP TO N8)




N6.

Have any of your daughters had a hip
fracture?

How many of your daughters had a hip
fracture?

NO (SKIP TO N7) ..
DK (SKIP TO N7)

NUMBER OF DAUGHTERS WITH HIP

FRACTURE ... .« woe s sie s 0 o s o o puscoissor o s oon
N7. Did a doctor ever tell (any of) your YES 0507 5 0 mosis &5 50 s 550000008 08 3 5085, £ 666 5 01
daughter(s) that she had osteoporosis? NOUSKIPTONE) .« o oo e s vtson s v s s
DKUSKIP TOING): « < : s v Luvansnbes » & oo agas v
a. How many of your daughters had this NUMBER OF DAUGHTERS WITH THIS
condition? CONDITION ... ..., LI
N8§. How many sons do you have?
y y NUMBER QF SONS! .« it s 0 onows g6 5 wunc s [_,LJ
(IF NONE, ENTER 00 AND SKIP TO N11)
NO. Have any of your sons had a hip A T SRCE oy, I O O o TR
Fracture? NO (SKIP TONIO) . ..ooovninininennnn.
DK (SKIP TONIO) « . eveeeeeeeaeaean
a. How many of your sons had a hip NUMBER OF SONS WITH HIP
fracturc? ERACTIRE  ov's 5 o8 2 st i ve LL]
N10. Did a doctor ever tell (any of) your D e e ey el rersbeRo o te Yl Ao
son(s) that he had osteoporosis? NO(SKIP TOMNIL) o oetsd s sermslasHiismmmes cst
DK (SKIP TONIL), vs sue s sssiss s 5 siasrs. s wiave s »
a. How many of your sons had this NUMBER OF SONS WITH THIS CONDITION

condition?

[ would now like to ask you the same questions about your brothers and sisters. I will first ask

you about your full brothers, that is, those brothers

who have the same parents as you.

- 9
N11. How many full-brothers do you have? R T I I |
(IF NONE, ENTER 00 AND SKIP TO N14)
N12. Have any of your full-brothershadahip | YES ...
fracrme’ NO(SKIPTONI3) ..ooviiinieaaineenn
DK (SKIPPTONIZ) i s s s aiiminsscs simsunios nme: 25
a. How many of your full-brothers had a NUMBER OF FULL-BROTHERS WITH A HIP
hip fracturc? FRACTURE ... ....................... L]
N13. Didadoctor evertell (anyof) your full- | YES .....ouviviiiiniiiniiiiniininnnmes
brother(s) that he had osteoporosis? NO(SKIPTONI4) ...
DK (SKIPTONIA) . ..ooviii
a. How many of your full-brothers had this | NUMBER OF FULL-BROTHERS WITH THIS

condition?

CONDITION
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I would now like to ask you about your half-brothers, that is, those brothers who have
only the same mother or only the same father as you.

2 2
NI4. -~ How meny hali-brotliceside You have? | o e OF HALBROTHERS 1.0 LL]
(IF NONE, ENTER 00 AND SKIP TO N17)
N15. Haveany of your half-brothers had'ahip | YES .:uciciivuciinsiimunsimarineeiosons 1
Sractiice? NO(SKIPTONI6) ..o 2
DK (SKIPTONI6) .o oveeeeaaennn, 8
a. How many of your half-brothers had a NUMBER OF HALF-BROTHERS WITH A HIP
hip fracture? FRACTURE .......................... LL]
N16. = Didiadoctor ever tell (any of) yourhalf- || YES o uusisossnpmesmmosansssams s o siges 1
brother(s) that he had osteoporosis? NO(SKIPTOMNNIT) wccv + aivivie nisie oos mio, v s spsnstaneion 2
DK (SKIPTONIT) «oee e, 8
a. How many of your half-brothers had this | NUMBER OF HALF-BROTHERS WITH THIS
condition? CONDITION .......oveeaeinn.. LE]
s H -si
S SRy iR Sofmnia NUMBER OF FULL-SISTERS ........... LL
(IF NONE, ENTER 00 AND SKIP TO N20)
NI18. Have any of your full-sisters had a L S e 1
hip fracture? NO(SKIPTONI®) ...uvniannaannaanns 2
DX (SKIPTONII) .. - ¢ cocovmiasnie wioss s sotnm s osss & 0 5 8
a. How many of your full-sisters had a hip | NUMBER OF FULL-SISTERS WITH A HIP
fracture? FRACTURE ................ceueensn.. LLI
N19. Did adoctor ever tell (any of) your full- | YES ..o 1
sister(s) that she had osteoporosis? NO (SKIPTON20) . .coe o vioe s speis o mroins wes s wivin s 2
DK (SKIP TON20) : wc5 ¢ sosse 5w s wiars & 50 s o o 8
a. How many of your full-sisters had this NUMBER OF FULL-SISTERS WITH THIS
condition? CONDITION ...............c......... L1
_si 9
N20. How many half-sisters do you have NUMBER OF BALESISTERS ... l I l
(IF NONE, ENTER 00 AND SKIP TO SECTION P)
N21. Have any of your half-sisters had a D S ORI B 1
hip fracture? NO(SKIPTON22) ............cooeeeennnn. 2
DK (SKIP TOIN22). i« onir o400 5 550 0 5 a5 5505 55065 8
a. How many of your half-sisters had a hip | NUMBER OF HALF-SISTERS WITH A HIP

fracture?




N22.

Did a doctor ever tell (any of) your half-
sister(s) that she had osteoporosis?

How many of your half-sisters had this
condition?

YES: v st arniunis § 3500055 R0 13 0002 5 60055 B4« fom
NO(SKIPTOSECTIONP) ...covimonerimens
DK (SKIPTOSECTIONP) ....ccviuiinwauas

NUMBER OF HALF-SISTERS WITH THIS

CONDITION - s v 3w s 53 5505 ¢ s szsi u_]




P. PERSONAL HISTORY OF FALLS:

Pl

In the (year before your hip fracture/past year),
have you fallen? (FOR CASES, EXCLUDE FALL
THAT CAUSED HIP FRACTURE, IF APPLICABLE)

YIES! = ohem & B L e s A hemetiei o
NO(SKIP TO/SECTION Q) : v o sw s o s

P2.

How many times in the (year before your hip
fracture/past year), have you fallen?

NUMBER OF FALLS ........... LM_,

P3.

What were the main reasons for your falls?
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Q. REPRODUCTIVE HISTORY (WOMEN ONLY)
Now I would like to ask some questions about your menstrual history and pregnancies.

165

Ql. Have you ever been pregnant? [ would NES «2r oo sz onmbinfs Bos s s v v s mena Do iy |
like to-ksiow about all of your NO (SKIP TO SECTIONR) .................. 2
: ; ; DK (SKIP TO SECTIONR) .................. 8
pregnancies, even if the pregnancy did
not result in the birth of a live baby.
Q2. Ineludingaillive births, stillbirths, NUMBER OF PREGNANCIES ........... LILJ
miscarriages, and abortions, how many
times have you been pregnant?
A X 5
Q3. Hewmanylive births dd youhave? NUMBER OF LIVEBIRTHS ............. LI
(IF NONE CODE 00 AND SKIP TO Q6)
Q4. How many children did you breast feed? | NUMBER OF CHILDREN
BREASTFED ......cccvviiiiiinnnnnnn. Lﬂ_]
(IF NONE CODE 00 AND SKIP TO Q6)
Q5. How many months did you (usually) | ﬂ I
: . NUMBEROFMONTHS .................
breast feed your child (children)? s
Qe Howpid vers sorwhen, pou st AGEINYEARS .................... L
became pregnant?
Q7. Howold wereyoy whenyouwerelast | orpowmape L
pregnant?
Q8. How often per week did you drink a cup IR O T FER TR o e s L,[J

of milk during your pregnancies?
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R. MENOPAUSE AND ESTROGEN USE (WOMEN ONLY)

Now I would like to ask questions about menopause and hormone or estrogen use.

pills, other than for contraception?

a. How old were you when you first
started taking estrogen pills?

b. Are you still taking estrogen pills?

c. How old were you when you stopped
taking estrogen pills?

RI. Have you gone through your menopause | YES ..., I
or change of life? (That is, have your gg (gz:g ¥8 §22) """""""""""""" ;
menstrual periods stopped completely (  wesls - g e e e
for at least one year?)

a, Hoyv old were you when your menstrual BB RCPERRE " g e UUU
periods stopped completely?

b. What was the reason that your Natural menopause; "change of life" ... ... 1
menstrual periods stopped completely? | A hysterectomy (uterus and/or ovaries were
Was it due to ... removed in SUTEETY) :wsvuvnscosusiesss 2

Taking medication that stopped periods ... 23
Or something else? (SPECIFY) ........... 4
SPECIFY:

R2. Has your uterus (womb) been surgically | YES «uve.icvninetinisiimsossmnnsssssvassse 1

£ e ¥ NOASKIPTORI) ", 4. % o 8 st s Fucsh ¢ st s o b o 2
DK(SKIPTOR3) ...t 8

& Hawadgeeph RREn S N AGEINYEARS ..................... L]
was surgically removed?

R3. Have your ovaries been surgically YES (ONE OVARYY) : = 2652 5icim 5 # 562n 5 aisis sivid & 1
P YES (BOTH OVARIES) ..........covinennnn.. 2

NO(SKIPTORA) © .o 3
DK (SKIP TO RA) ..ic s sie o s simuwim 5.6 wimis s 555 6 5isss' s 8

8. Hovoldwisre you whed YOu I8SLO¥Y | »p 1 WBARS 1. cosssmss smcrs ssss LI
was removed?

R4. Have you ever taken estrogen pills or WS st & ool 34 550 & 3 35 M3 SR 8 s A S 1
tablets, also called female hormone NOUSKIP TO RSY: ¢ ciiie s 6506 65 5 mivve ot mrivim o s & it 2

DK(SKIPTORS) ..o 8

NO




RS.

Did your doctor ever prescribe a
progesterone pill, such as Provera,
either alone or to go along with your
estrogen prescription?

How many days a month did you take
this pill?

YES (SPECIEY, IFKNOWN) wv: 5 5 5 s 2 5 & 5 s |

NO (SKIPYTOIRE) - . o505 955 s m 25 5 8k 2 2557 % fu 2

DAYSPERMONTH 4 ;s saisiss smois sus

R6.

Have you ever used estrogen in a patch
on your skin such as Estraderm?

How old were you when you started
using the estrogen patch?

Are you still using the estrogen patch?

How old were you when you stopped
using the estrogen patch?

R7.

Have you ever used any type of
estrogen cream such as Premarin cream
or Estrace cream?

How old were you when you started
using the estrogen cream?

Are you still using the estrogen cream?

How old were you when you stopped
using the estrogen cream?

NES cien 1« mvims 5o s # Srmresuaels 5 wmis 5 £ 5 348 & £ 4 5% & |
NOASICIR TORD): ¢ 5 254 5500 P55 3500 18 5 A s 5aue 55 2
AGEINYEARS! ¢ : st smans o mushios 5 2 U[_ﬂ._!
YES(SKIP TORT) sinsmws vasiarsnns s vosme i 1
1O AP AT PR P O R N e 2
AGE INYEARS: . uinive o ons v wivreions smzes's « UUU
) S O S L, SE R SRR 1
NO(SKIP TO RB) sise s ssiecs s suwmiris ¢ swimis s 30w 5w w5 2

R8.

Have you ever used any other form of

estrogen (other than for contraception)
including herbal products, such as wild
yam cream?

What kind(s) of estrogen did you use?

How old were you when you started
using (medication listed in R8a)?

Are you still using (medication listed in
R8a)?

How old were you when you stopped
using (name of medication listed in
R8a)?

YES(SKIP TOREY! + icsuiv 5 steus s 5 ssma s simicis wiw o5 o 1
1+ (O e P S i e et S R B 2
AGE INYEARS' . isims comassses o LH_M
YES" & & svon s wmies shorsis » wws sisssns o s o s aien o s & 1
NO(SKIP TORYY s ¢ 50 5 s # 5 st o155 st 1 6055 2

SPECIFY:

SPECIEY:
AGEINYEARS . .ci:imn:smmngssmessun l_JUU

b4 D R P SRt R e L SRR P 1




R9.

Have you ever taken oral contraceptives
or birth control pills for any reason?

How old were you when you first
started taking oral contraceptives or
birth control pills?

How old were you when you stopped
taking oral contraceptives or birth
control pills?

YES 57000 s 5 imian pis ndosst £ 0.8 515 5 5 5 608 55 s e 1
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S. SMOKING/TOBACCO HISTORY:
The next few questions are about the use of tobacco.

Sl. In your lifetime, have you ever smoked YES! wc o persss s winspins & s 5 w0 £ 2 o |
cigarettes, cigars, a pipe, chewed tobacco, or NO (SKIP TO SECTIONT) ............ 2
dioved snuff? RF(SKIPTOSECTION T):. .o v ccvi s v s 7
pp j DK ((SKIP TOISECTION T) vss ¢+ s v w1 8
S2. Have you ever smoked 100 cigarettes ormore | YES .............................. I
in your lifetime? NO (SKIPTO'S3) v v. . wime v iminnmim s vne 2
RE (SKIP TOS3):« wswiv's nmr o5 w65 s 3 ¢ 5 7
DE(SKIPTOISI) .. o b, s 8 b 8
How old were you when you started to smoke RCENIVEARE . L" “ l
cigarettes regularly?
Do you smoke cigarettes now? YESUSKIB TO)L.. .o oy o s 2 i o5t |
NO; . BB sronans eransisna e lopatind srsnazes s 2t o 3 ssio o 2
RE o5 s5as s mioas ssios s aise = 5.0 00 96 & 9 5 7
hen you | | I l I
HOW gl wers YoU Wiih gou It smoked AGE INYEARS :u::sssmesamass
cigarettes regularly? :
How cigarettes (do/did) you usuall I I I l
o i aiaat (o y CIGARETTES PER DAY ...« suci = «
smoke per day?
20 CIGARETTES = 1 PACK
S3. Was there ever a time when you smoked cigars | YES ...l 1
- NO(SKIPTOS4) ......vvvvnnnnnn. 2
RE(SKIPTO S4) .. .onuvuamenonsonmans 1)
DKA(SKIPTO 84) s snsammone 8
pr old were you when you started to smoke CRTRAEARS o o | I I |
cigars regularly?
Do you smoke cigars now? YES(SKIPTOd) .. ...ovvveienenenn. 1
NO ; uises s siiie s @oss s 5 5re £ 5 65 & o 5 s s » 2
BRI 5 o 5 4505 5 e o oo o5 oni o = s 5 8 58 2 R0 518 3
How old were you when you last smoked AGE BUVEARE . . UUU

cigars regularly?

How many cigars (do/did) you usually smoke
per week?




S4.

Was there ever a time when you smoked a pipe
once a week or more?

How old were you when you started to smoke
a pipe regularly?

Do you smoke a pipe now?

How old were you when you last smoked a
pipe regularly?

How many pipefuls (do/did) you usually
smoke per day?

YES: 555w s oma s slis 605 60065 5 80w £ 1
NOSIKIP TOISS)" ... o wiorm o m 5 a mime v #0508 5 5 2
RE(SKIP TOISS): s 5 oo o womn 2 5wz 1

8

DK (SKIP TO S5)

AGE IN YEARS

YES ((SKIP T@id)« « cve s 4 e s ¢ 2o s oo 1
NG o e s R e e 92 4 i R AR S Y 2
< T RO M S Y IR 7

Ss.

Was there ever a time when you chewed
tobacco or dipped snuff once a week cr more?

How old were you when you started to chew
tobacco or dip snuff regularly?

Do you chew tobacco or dip snuff now?

How old were you when you last chewed
tobacco or dipped snuff regularly?

How many chews or dips of tobacco/snuff
(do/did) you usually chew per day?

NO (SKIP TO SECTIONT) ............ 2
RF (SKIP TO SECTIONT) ..o 7
DK (SKIP TO SECTIONT) ............ 8
AGEINYEARS ............... LIJ._I
YES(SKIPTOd) . ..., 1
NO oot 2
RE it 7
AGEINYEARS ............... |_LL|




T. USE OF ALCOHOL.:
The next few questions arc about the use of alcoholic beverages, like beer, wine, or liquor that

people drink at meals, special occasions, or when just relaxing.

TI.

Have you cver had a can or glass of beer, a

YES oy E A s )

glass of wine, or a shot of liquor or a mixed NQ (Sf('p TO SEC_'f"ON uy ... 3
drink during your lifetime? ol s S :
DK (SKIP TO SECTION U) P
T2. Have you ever regularly drank one or moreof | YES .............................. I
these alcoholic beverages a month? NO(SKIPTOT3) ... s e 2
RF (SKIP TO T3) ; o3 7
DK SKIETO T3) . .eovstumis e nmmien s 8

At what age did you begin?

Did you drink alcohol in the (year before your
hip fracture/past year)?

How often did you drink alcohol per week?

When you drank, how many drinks would you
have each time?

LIQUOR OR A MIXED DRINK.
T3.

From time to time, people may have occasion
to drink more than usual. Have there been any
days when you drank 12 or more drinks in one
24-hour period? (Twelve drinks is about one
pint of liquor, or two bottles of wine, or two
six-packs of beer.)

How many times in the (year before your hip
fracture/past year) did you drink this amount?

Thinking back over your life, how many times
did you drink this much alcohol in one day?

AGE IN YEARS ..

YES oo e e s |
NO(SKIPTOT3) o, 2
RE(SKIPTOT3) ..o 7
DK (SKIPTOT3) oo, 8

TIMES PERWEEK . .. .......cc...

DRINKS EACH TIME

.1DRINK=1CANOR 1202 BEER, l GLASSOR40Z WINE, OR 1 SHOT OF HARD |

YES suwesvmwe s e s s » wos adeey 1
NO (SKIP'TO SECTIONU) :ccos smmn s s 2
RE (SKIP TOSECTIONU).... .0+ cxorim o2 # 7
DK (SKIP'TO SECTIONIU) seccsv s s winersa 8

NUMBER OF TIMES

=3 NN b e i B = s AR S B 1
4-10
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U. CONTACTS, FOLLOW-UP INFORMATION, AND CLOSING OF INTERVIEW

In the future, it may become necessary to contact you for additional information. We

Ul.
may need to gather more information on your health or on other topics important to our
study. In the event that we cannot reach you, is there a relative or close friend, who
does not live with you, who will always know where to contact you?
YES .o iinmvsncmnss smiass ve ot 5uias s 5,0 5 5 A5 5 7 500 0516 570 55 6 S0 5 3 MR £ § 510 § QG T 5 5 S E 8 e € 5 |
N 0 st s Buoms » oo 31 oconin o Sl et s = o St Ao P b o\ o 8 o P s T o 8 e e e 2
RESPONDENT REFUSED TQ/'GIVE FUTURE CONTACT ¢ s s « apavin o svions s i) 60 2 tms oo 5 o a0m 7
U2a. U2b.
First name First name
Last name Last name
Relationship to participant Relationship to participant
Street Address Street Address
City, State City, State
Zip Code Zip Code
Telephone number Telephone number
U3. Please tell me your Social Security I I l l_ | I I_ l l I I '
Number. This is important for helping
s - . RE 5 ¢ 5 wecas omn 1.5 51505 3 6056 FOiEms 33550 5 S5 € B o 7
us to contact you again. This will be DK g
kept confidentiol ke o pearofthe | D0 ©* s s bt s s
information from this interview.
U4. FOR CONTROLS ONLY. READ THE FFQ
FOLLOW-UP STUDY CONSENT FORM TO
THE RESPONDENT.
YES civivnomyosamesanssmmnysmmssms s s 1
DID R AGREE TO PARTICIPATE IN FFQ IOV (o5 &5 505 % 555816 08 e ok &9 BR 6 6 458 5 S s PR 8 2
FOLLOW-UP STUDY?
Us. TIME INTERVIEW WAS COMPLETED: ,
LJU.L_"_J AM PM (CIRCLE ONE)
ué. COMPLETE PHLEBOTOMY
Ui CLOSING STATEMENT AND “THANK YOU"
TO PARTICIPANT
US. INTERVIEWER ASSESSMENT OF QUALITY [ GOOD . ....... ... . . . |
OF INTERVIEW A R e s R bt R S e 2
UNSATISFACTORY . iievsinssrnsnsgsssnes 3
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V. ADDITIONAL INTERVIEWER OBSERVATION:

S A W I T T .t TR T S

V1. COULD THE RESPONDENT HEAR YOU
CLEARLY? HAD SOME DIFFICULTY BUT COULD
COMPLETE INTERVIEW . ........... ... ...
L o s R S
V2. WAS THE RESPONDENT'S SPEECH YEB: « a8 ¢ 3 wsar ¢ = wieiioapl sohsmoritos s o & 5 5 & s
CLEAR? HAD SOME DIFFICULTY BUT COULD
COMPLETE INTERVIEW . ..o v v oninn e s
NO oo s i s o ee Dot 5 5 meBe 5 B et s e 5
V3. WAS THE RESPONDENT WELL-ORIENTED: | YES: & s st srimes pimge s sne s s hig s ma £ &
TO TIME AND PLACE? SOMEWHAT CONFUSED BUT COULD
COMPLETEINTERVIEW' .. ..vvivsvwts ymes
NO, VERY DISORIENTED .......ooti00nenn-
V4. WAS THE RESPONDENT'S VISION GOOD Y e N s S g Ao
ENOUGHT TO READ THE MEDICATION HAD SOME DIFFICULTY BUT COULD
CARDS AND TO SEE THE FOOD COMPLETE INTERVIEW ..................
PICTURES? NOU i monis s e o menie s s dress 64 s comvas s b o s
V5. WAS THERE ANYTHING UNUSUAL

ABOUT THIS INTERVIEW THAT YOU
WOULD LIKE TO DESCRIBE?
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Appendix C. The Utah Picture-Sort

FFQ Form



RESPONDENT ID: LU_UUULLJ

FOOD NAMEL FOOD | FREQ | PERIOD
NO. 2 345

White wine 014 I H I DWMYN

Liquor, whiskey, 0158 I I l DWMYN

gin, mixed drinks

FOOD NAME FOOD | FREQ | PERIOD
NO. 12 3458

Plain water from a 001 DWMYN
tap or bottled Ll-—l
Milk 002 l “ ' DWMYN
(SPECIFY TYPE
BELOW)
What type of mifk SKIM/NO FAT ............. l
do you drink maost LOWFAT (1-2%) ........... 2
often? WHOLE . i:cacivssnsnnvnvis 3

BUTTERMILK: couinsvivnnss 4
Ensure or other DWMYN

supplemental
beverages
(SPECIFY TYPE)

003 |||

What types and
brands of
supplemental
beverages do yos
drink most oftea?

FOOD NAME FOOD | FREQ | PERIOD

NO. 1.2 345
Orange 016 | n I DWMYN
Grapetruit 017 I u | DWMYN
Banana 018 | l l DWMYN
Cantaloupe 019 ' I I DWMYN
Prunes 020 I I I DWMYN
Apple or pear 021 l I | DWMYN
Applesauce 022 | I I DWMYN
Peach, apricot, 023 DWMYN
plum, nectarine Ll'—l
Watermelon 024 | I l DWMYN
Fresh, frozen, or 025 | ’I DWMYN
canned strawberries
Fruit cocktail or 026 DWMYN
jell-o salad with u—]
fruit
Raisin or grapes 027 l I I DWMYN
Avocado 028 | I l DWMYN

}(I::to;::clzt: milk or 005 L.l_l DWMYN
Orange juice 006 LJ_J DWMYN
Other fruit juices 007 u_J DWMYN
zircf::ela with 008 ||| ] |pwWwMYN
oCl;::‘r:;SlS;ra::las 0= L‘L‘l R
CofTee, regular 010 LLJ DWMYN
Hot tea or iced tea 011 LLJ DWMYN
Beer 012 LI_J DWMYN
Red wine 013 LU DWMYN
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FOOD NAME FOOD | FREQ | PERIOD

NO. ] 2°3 4 §
Cooked spinach 048 I DWMYN
Mustard. urnip. 049 DWMYN
collard greens. chard LJi_l
Eggplant. zucchini. 050 I DWMYN
or summer squash
Acom. butternut, or 051 DWMYN
other dark orange IJI‘I
winter squash
Onion as a cooked 052 DWMYN
vegetable L‘H‘J
French fiics, or other 053 Uu DWMYN
fried potatoes
Baked, boiled. or 054 I H l DWMYN
mashed potatoes
Yams or sweet 055 I I I DWMYN

potatoes

FOOD NAME FOOD | FREQ PERIOD
NO. 12 3435

Cottage or ricotta 056 DWMYN

cheese Ll—l

Cheddar, jack, swiss, 057 | I I DWMYN

mozzarella cheese

Yogun 058 || l DWMYN

Cream cheese 059 I l DWMYN

FOOD NAME FOOD | FREQ | PERIOD

NO. 12 3 45
Fresh tomatoes 029 UU DWMYN
Canned tomatoes or 030 DWMYN
tomato sauce I‘—JU
Tomato juice, V-8 031 DWMYN
juice, vegetable juice Lﬂ—J
Raw carrots 032 Uu DWMYN
Cooked carrots or 033 DWMYN
carrot juice ULI
Com 034 I l DWMYN
Green or string beans 03s I H DWMYN
Peas 036 I I I DWMYN
Baked, pinto, refried, 037 I DWMYN
kidney, or lima beans
Mixed vegetables 038 “ I DWMYN
Broccoli 039 | DWMYN
Cauliflower 040 n DWMYN
Brussels sprouts 041 I DWMYN
Cabbage, cole slaw, 042 DWMYN
or sauerkraut UU
Red beets, not greens 043 UU DWMYN
Sweet green, red, or 044 DWMYN
yellow peppers LHJ
Iceberg or head 045 DWMYN
lettuce in salad UU
Romaine or leaf 046 DWMYN
lettuce in salad LRJ
Raw spinach lecaves 047 I DWMYN

in salad

FOOD NAME FOOD | FREQ PERIOD
NO. 1 2 3435

Hamburger 060 H | DWMYN

Meatloaf 061 I I DWMYN

Beef steak, roast 062 l I DWMYN

beef, or beef brisket

Casserole with beef 063 l DWMYN

and noodles
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FOOD NAME FOOD FREQ PERIOD FOOD NAME FOOD | FREQ I:ERIO:)
NO. ¥ 2 3 4 5 NO. 2 3
Roast beef or 064 Uu DWMYN Canncd salmon, 085 l W MY
barbecue sandwich sardine, or oysters
Beet of park ribs 065 UU DWMYN I'nckd tish or fish 086 ﬂ ] W MY
sticks
Beet stew or potpie 066 UU DWMYN Broiled or baked 087 I WMY
with vegetables white-meat fish
Chili with meat and 067 | n ! DWMYN Fish sandwich 088 H I W MY
beans
i i WMY
Beef, calf, or ps DWMYN Salmon, sardine, 089
li::r e 408 UU bluefish. swordfish LJ]‘—]
Lamb. roast, chops, 069 UU DWMYN Shrimp. lobster, or 090 | u W MY
or in stew scallops
Pork roast or pork 070 ULI DWMYN Spaghetti or other 091 | H l WMY
pasta in tomato sauce
chops
Ham or ham 071 I I l DWMYN Pizza 092 | I I WMY
sandwich
Pork stew or pork 072 I H l DWMYN Macaroni and cheese | (093 l l I WMY
pie
Pork sausage in 073 | u I DWMYN Enchilada 094 | I WMY
patties or links
Bacon 074 I H I DWMYN Taco or tostada 095 l l WMY
i i I l WMY
Eggs 075 I H I DWMYN Burrito 096
I n WMY
Venison, elk, or 076 H I DWMYN Hot dog 097
other game meat
Pheasant, duck, or 077 I H I DWMYN Bologna.processed. 098 “ ' WMYN
other game bird lunch meats, salami
Fried chicken 078 l “ l DWMYN Polish sausages, brats | ()99 l I‘ I WMYN
Baked or roasted 079 UU DWMYN Liverwurst 100 I I WMYN
chicken or turkey
WMYN
ick turke DWMYN Canned meats, spam 101
1(1:3;: o ’ S5F l—ﬂ-—J or vienna sausages u—l
WMYN
Chicken or turkey 081 | u DWMYN SSO:ECWY vre 102 | l
vegetable potpie (BELOW)
Chicken or turkey 082 | n DWMYN
i What type of soup DD
. ' B
ol do you cat most D
Chicken salad or 083 | I DWMYN often? DDD
chef salad DDD
Tuna sandwich, 084 | I DWMYN

salad. or casseroke
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triscuit, wheat-thins

FOOD NAME FOOD FREQ PERIOD
NO. 12 3 45

Cold breakfast 103 DWMYN

cereal LIL—]

What types and DDD

brands of cold

breakfast cereal do

N

000

Oatmeal 104 UU DWMYN

Other cooked 105 DWMYN

breakfast cercal UU

Instant breakfast 106 DWMYN

beverage or bar I—,l—l

Pancakes or waffles 107 I l DWMYN

White bread 108 I I l DWMYN

Dark bread 109 LU DWMYN

Dinner rolls, bagels, 110 DWMYN

or pita bread u—’

White rice 111 l I ] DWMYN

Com bread or com 112 DWMYN

muffin Lﬂ—'l

Corn tonilla 113 UU DWMYN

Flour tortilla 114 Uu DWMYN

Potato chips, corn 115 UU DWMYN

Crackers: saltines, 116 ULJ DWMYN

FOOD NAME FOOD FREQ PERIOD
NO. 1 2 3 45
Peanut Burter 119 | H ! DWMYN

FOOD NAME FOOD | FREQ PERIOD
NO. 12 3 43
Peanuts 118 LJU D W MY N
Other nuts 119 LJLJ DWMYN
Butter 120 Ll_] DWMYN
:]ual:gc:rnlri‘c:uid 121 UU DWMYN
Stick margarine 122 L]LJ DWMYN
Ice cream 123 Ll—] DWMYN
Ice milk. frozen 124 LJJ DWMYN
vogur, sorbet
Chocolate candy 125 Ll_] DWMYN
Hard candy 126 LU DWMYN
Cookies 127 LIJ DWMYN
Pie 128 ||| [P®EYN
Cake 129 LLJ DWMYN
Doughnut, scones 130 LU DWMYN
Jam, jellies. syrup 131 LR_| DWMYN
Oat Bran 132 UU DWMYN
Other Bran 133 UI_' DWMYN
Wheat germ 134 LU DWMYN
Olive oil 135 LLJ DWMYN
Other oil dressing 136 LR_I DWMYN
Mayonnaise 137 LH_J DWMYN
Salad dressing 138 u_J D W Mﬁ
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