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ABSTRACT 

Falls are an important area of interest for the prevention of fractures, injury and 

disability, but the risk factors for falls are incompletely understood.  In evaluating the 

potential reasons for a fall to occur, various aspects of the diet may play influential roles.  

Specifically, differential dietary intake of macronutrients such as protein and fat may lead 

to an increased or decreased risk of falls.  Overall diet quality may also be important to 

fall risk.  The purpose of this study is to assess the relationship between dietary intake 

and falling in women, utilizing a retrospective cohort design.  This is a secondary 

analysis of an existing dataset of 87 women, which was previously utilized to evaluate 

fall and fracture risk between breast cancer survivors and breast cancer free controls.  As 

such, a large portion (56 / 87, 64%) of this cohort consists of recent breast cancer 

survivors.  Breast cancer survivors were 3-15 months post-chemotherapy at enrollment, 

and all women were pre-menopausal at either diagnosis or enrollment.  No new 

information was gathered for the purpose of this analysis. 

The primary outcome of interest in this study is self-reported falls over the course 

of one year, recorded monthly.  Dietary information was obtained at enrollment using the 

Block98 Food Frequency Questionnaire (FFQ).  Various demographic, laboratory, and 

history information were also taken for evaluation of potential confounders.  Cross-

tabulation and multivariate regression procedures were used to evaluate the associations 

of interest.  In order to obtain relative risk (RR) estimates, log-binomial regression was 

utilized in the SAS software package.  Variables of interest, potential covariates, and 

potential confounders were all analyzed through the model-building process.  Separate 
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models were built for fat, protein, carbohydrates, and a measure for overall diet quality, 

the Healthy Eating Index score (HEI score). 

Several trends were evident after modeling, though none reached statistical 

significance.  For percentage of calories from fat, the women who consumed the highest 

tertile of percentage of calories from fat were at greater risk of falling compared to the 

lowest tertile (RR 1.45, 95% Confidence Interval (CI): 0.89 – 2.36), while the women 

who consumed the middle tertile had the same risk of falling compared to those in the 

lowest tertile (RR 1.01, 95% CI: 0.56 – 1.80).  The women who consumed the highest 

tertile of percentage of calories from protein were at a slightly increased risk of falling 

compared to those in the lowest tertile (RR 1.06, 95% CI 0.60 – 1.85), while the women 

who consumed the middle tertile were at a reduced risk compared to the women in the 

lowest tertile (RR 0.84, 95% CI 0.52 – 1.33).  Thus it appears that women who consume 

greater than 42.5% of their calories from fat are at increased risk of falls, while those who 

eat a moderate amount of protein (14.5-16.5% of calories) are at decreased risk.  These 

trends may be useful in providing a basis for future research where a larger sample size 

may provide more statistically significant results. 
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SPECIFIC AIMS 

As women age, falls become an increasingly serious health risk, potentially 

leading to injury, fractures, and disability.  There are many factors that may lead to a fall, 

and various aspects of the diet may play influential roles in this risk.  Specifically, 

macronutrient intake may be an important part of whether or not a fall occurs.  Fall risk 

may also be influenced by health events such as breast cancer or chemotherapy treatment 

that prematurely alter menopausal status.  This study offers the opportunity to evaluate 

these variables by analyzing data from a previously completed study in which women 

completed a food-frequency questionnaire (FFQ) at baseline and were subsequently 

followed for one year to measure the occurrence of falls.  This cohort of women included 

two groups: a larger group comprised of women who had recently completed treatment 

for breast cancer, and a smaller group of women who did not have a history of breast 

cancer. 

This study will evaluate various levels of macronutrient consumption reported on 

the previously collected FFQ data.  Specifically, the macronutrients of interest are fat and 

protein, along with an overall diet quality measure given by the Healthy Eating Index 

(HEI) score.  This analysis will assess potential covariates such as body mass index, 

physical activity levels, age, and other factors as well.  Cross-tabulation and log-binomial 

regression methods will be among the statistical tools utilized, with the goal of 

developing a model for the one year risk of falling among this cohort of women.  Results 

of this study may assist clinicians in providing improved dietary guidance to women in 

order to better reduce fall risk.  Results may also help to generate hypotheses for future 

areas of research.  This is important because the prevention of falls, and by extension 
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preventing the many negative outcomes of falls, can improve the future health and quality 

of life among women at risk for falls. 

 

As such, the specific aims of this study are to: 

1 - Determine if there is an association between fat intake and risk of falls.  We 

 hypothesize that diets higher in fat will be associated with an increased  

 risk of falls. 

2 - Determine if there is an association between protein intake and risk of falls.  We 

  hypothesize that diets higher in protein will be associated with a decreased 

 risk of falls. 

3 - Determine if overall diet quality is associated with risk of falls.  We hypothesize that 

  poorer diets will be associated with an increased risk of falls.  

 

For completeness, the third macronutrient, carbohydrates, will be evaluated as well.  

However, this analysis is primarily focused on fat and protein, and has no a priori 

hypothesis for any association with carbohydrate intake and fall risk. 
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INTRODUCTION 

Falls can be a serious health concern as people age.  Indeed, more than one third 

of adults 65 years of age and older fall each year (1), and falls are recurrent in over half 

of these individuals (2).  Of those who fall, 20 – 30% suffer moderate to severe injuries 

that make it hard to get around or live alone and increase the chance of early death (3).  

Approximately 95% of hip fractures, another health concern among the elderly, are 

caused by falls (4).  Falls are a problem among younger populations as well: in one study 

18% of those 20-45 years of age and 21% of those 46-65 years of age reported falling in 

the previous two years, with higher rates in women than men (5).  In a large prospective 

cohort study in Britain, 72% of all fractures reported resulted from a fall (6).  As such, 

preventing falls is important as an intermediary step to preventing further negative health 

outcomes.   

The total direct cost of all fall injuries for people 65 and older in 2000 was 

slightly more than $19 billion: $179 million for fatal falls, and $19 billion for nonfatal 

falls (7).  These direct costs do not account for the long-term effects of these injuries, 

such as disability, dependence on others, lost time from work and household duties, or 

reduced quality of life (1).  By 2020, the annual direct and indirect cost of fall injuries is 

expected to reach $43.8 billion (8).  By 2040, the estimated total annual cost of hip 

fracture in the United States could reach $82 - $240 billion (4).  These costs are 

potentially higher in younger populations, due to lengthy periods of lost productivity or 

disability.  Clearly, falls are a serious health issue, both by themselves and for their 

associated health consequences. 
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 Various avenues of research have been followed to evaluate the risk factors for 

falls, but these risk factors are still incompletely understood.  Likely, there are a 

multitude of reasons for falls, which may be further complicated by individual activity 

patterns.  Currently established risk factors for falls include increasing age, muscle 

weakness, functional limitations, environmental hazards, use of psychoactive 

medications, and a history of falls (4).  Most research on fall risk factors has focused on 

the elderly, likely because of their increased risk of fall and fracture compared to younger 

persons (5).  However, little work has focused on those younger populations at 

potentially increased risk, despite the potentially more dramatic cost of falls in younger 

individuals due to lost productivity or chronic disability.  This analysis provides a unique 

opportunity to evaluate fall risk in a younger population (mean age 43.8 +/- 5.7), who are 

potentially placed at greater risk due to correspondent health issues.  This study is also 

primarily concerned with women, since women tend to fall more often, have higher costs, 

and experience more serious outcomes as a result of falls than men (1, 4, 5).   

While progress has been made in identifying several risk factors for falls, there 

are likely still other risk factors which have not been studied or identified.  Nutritional 

intake, particularly macronutrient intake, is the potential risk factor for falls which this 

analysis will seek to evaluate.  Such an analysis is not entirely unique, though in general 

most research has focused on micronutrients and/or fracture risk rather than 

macronutrients or fall risk.  To this end, several studies have implicated vitamin D and 

calcium as important micronutrients for reducing fracture risk (6, 9).  Such micronutrient 

intake influences on fracture risk may or may not similarly affect fall risk.  Interestingly, 

a recent meta-analysis has also shown that vitamin D-3 is also associated with the 
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prevention of falls, though when stratified by menopausal status this reduction in risk 

became non-significant among post-menopausal women (10).  Very little, if any, research 

has been done regarding macronutrient level intakes and fall risk.  Thus while vitamin D 

and calcium intake will be considered as potential covariates, it is on macronutrient 

intake which this analysis is primarily focused.   

The three key macronutrients are fat, protein, and carbohydrates.  Protein, as a 

vital nutrient for the building and maintenance of body tissues, is likely to be an 

influential factor for fall risk.  Lean muscle mass is important for coordination, strength 

and stability.  Further, muscle power of the lower extremities and lateral postural stability 

have both been shown as independent risk factors for non-syncopal falls (11).  Combined 

with an active lifestyle, increased levels of protein intake may lead to improved muscle 

mass and a body composition which is lower in body fat and higher in lean muscle (12). 

 This may be of further importance as people age since sarcopenia—the age-related 

decrease in skeletal muscle-mass (13)—leads to a greater predisposition to falls (14).  In 

the prevention of sarcopenia, protein may be an important component in the retention of 

muscle mass (15).  So those who obtain more protein from their diet may be able to move 

about with more ease and control through the development or maintenance of muscle 

mass.  Since coordination and stability are important in influencing fall risk (16), more 

lean muscle mass and better coordination should be beneficial for reducing fall risk.   

Fat intake is also likely to be an influential factor for fall risk.  Increased fat intake 

can often lead to an increase in body storage of fat, increased BMI and a body 

composition composed of more fatty tissue (12).  As this excess fat builds up, body 
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control and coordination may become more difficult and reaction ability may decrease 

(such as from a trip or stumble), due to the increased mass the muscles need to move in 

order to be effective.   Fat and lean mass have both been shown to be independent 

predictors for poor performance on postural stability (17).  Such findings indicate that 

greater fat mass may compromise stability and thus increase fall risk in heavier 

individuals (17, 18).  This increased risk seems reversible, as it has been shown that 

weight loss improves balance control in obese men (19).  Increased body fat may also 

influence balance and gait, dysfunctions of which are risk factors for falling (4, 20).  Thus 

fall risk may be influenced by various levels of fat intake. 

Overall diet quality is a measure that can be determined from food frequency 

questionnaires (FFQ) based on micro- and macro-nutrient intakes, calculated as a Healthy 

Eating Index (HEI) score.  First created by the U.S. Department of Agriculture in 1995, 

the current HEI is a measure of diet quality that assesses conformance to the 2005 

Dietary Guidelines for Americans (22).  The score ranges from 0 – 100, with diets scored 

as ―good‖ (81 – 100), ―needs improvement‖ (51 – 80), and ―poor‖ (0 – 50) (21).  The 

components and the scoring standards for the HEI score can be found in Appendix 1.  

This HEI score can serve as a proxy measure for both macro- and micro-nutrient intake 

and their cumulative effect on fall risk.  Since nutrient deficiencies can have effects on 

overall health, both physically and psychologically, those who consume a poorer diet 

may have an increased risk of falling compared to their healthier-eating counterparts.   
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Study specifics 

Evaluating the association of each of these three dietary measures with fall risk 

will be the focus of this study.  The study subjects come from a previous study conducted 

at Oregon Health & Science University (OHSU) that evaluated differences in fall and 

fracture risk among women with and without a history of breast cancer.  The study 

population is composed of breast cancer survivors, who were pre-menopausal at 

diagnosis, along with cancer-free pre-menopausal women of similar age.  Both cases and 

controls completed a Block98 Food Frequency Questionnaire (FFQ) at baseline and were 

then followed for one year.  A copy of this FFQ is shown in Appendix 2.  Cases were 3-

15 months post-chemotherapy when they completed their baseline measures.  Falls were 

self reported via monthly postcards by both cases and controls, and were defined as 

‗coming to an abrupt stop after an unintended descent of the body‘.  This previous study 

found a higher proportion of falls in breast cancer survivors than the control women, but 

did not analyze the FFQ data (23).  The current study will utilize this FFQ data to analyze 

the associations mentioned above.   

A unique aspect of this dataset is the makeup of the study population, as very few 

studies focus on breast cancer survivors—and even fewer on falls or nutrition within this 

group.  Such a population can be a complication, due to the many physiological changes 

that often occur surrounding the development, treatment, and recovery from breast 

cancer.   As the majority of the cohort consists of breast cancer survivors, this will need 

to be taken into account in the analysis.  Several of the women in the study developed 

early menopause as a result of the chemotherapy.  This is of particular interest because of 
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studies which have shown increasing risks of fracture in postmenopausal women (24). 

 Other studies have also shown an increased risk of fractures among breast cancer 

survivors (25).   

While these studies are considering fracture, it is probable that hormonal changes 

surrounding the menopausal transition affect fall risk as well.  Indeed, it has been shown 

that there is a perimenopausal increase in the risk of falling (26).  Thus this group of 

women, the majority of whom are post- or perimenopausal, provide another unique 

analysis opportunity.  Since Follicle-Stimulating Hormone (FSH) measurement is 

advocated frequently as a useful diagnostic tool in perimenopausal patients, FSH level 

will need to be considered as a potential covariate (27).  Additionally, the rigors of 

chemotherapy can influence diet, weight gain, and activity patterns (28, 29).  These 

combined factors will also need to be evaluated in order to properly assess fall risk 

among this cohort.      

Many studies have been performed analyzing the role of diet on fracture risk, and 

it is likely that some factors that are important for fracture risk are also important for fall 

risk.  Protein intake has been implicated in reducing fracture risk (30), along with vitamin 

D and calcium (9).  Outside of diet, there are many other potential influences to fracture 

risk which are likely to be contributory to fall risk as well.  For example, age has been 

established as a risk factor for both falls and fractures (4).  Advancing age is associated 

with profound changes in body composition.  One of the most prominent of these 

changes is sarcopenia, which results in decreased strength and aerobic capacity and thus 

functional capacity.  Sarcopenia is also closely linked to age-related losses in bone 
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mineral, basal metabolic rate and increased body fat content (31).  Any of these factors 

could be influential on fall risk as well.  Dietary intake and physical activity levels 

influence these physiological changes (31), and so may be important for fall risk for their 

impact on these age-related changes. 

Certainly there are many potential influences on fall risk that are as yet unknown.  

It may turn out that fall risk is not singularly dependent on any one pathway, but on a 

causal web of factors and influences that are related in some complex fashion.  This study 

should provide a novel opportunity to evaluate the association of macronutrient intake on 

fall risk, in a relatively young group of women, within the context of breast cancer 

treatment.  Results from this study, regardless of significance, should provide additional 

information that may be of use to patients, healthcare workers, researchers, and the public 

health field. 

MATERIALS AND METHODS 

Setting and Participants 

This study is a secondary analysis of an existing cohort that was recruited and 

followed by Dr. Kerri Winters, Ph.D.  The original purpose of this study was to evaluate 

fracture risk among premenopausal breast cancer survivors, with breast cancer free 

controls as a comparison group.  The setting for this research was the OHSU School of 

Nursing Cancer FIT laboratory in the city of Portland, Oregon.  Recruitment occurred 

through the Oregon State Cancer Registry, advertising at local community events and 

OHSU, and word of mouth.  Also utilized were established recruitment networks for 
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breast cancer patients and survivors, which had successfully enrolled breast cancer 

patients in several ongoing studies at OHSU.   

Breast cancer survivors were recruited into the study within one year of 

completion of a chemotherapy regimen that included doxorubicin or methotrexate, and 

glucocorticoids to prevent nausea, vomiting, fluid retention and hypersensitivity 

reactions.  Inclusion criteria for breast cancer survivors included: [1] histologically 

confirmed breast cancer stage I-III; [2] completion of a chemotherapy regimen containing 

doxorubicin or methotrexate, and glucocorticoids in antiemetic regimen; [3] 

premenopausal status (9 – 12 menstrual cycles/year) at the initiation of chemotherapy; 

and [4] greater than or equal to 21 years of age.  Control women were recruited within the 

same time frame as patients.  Inclusion criteria for controls was confirmation of 

premenopausal status (9 – 12 menstrual cycles/year; Follicle Stimulating Hormone (FSH) 

< 30 mlU / ml) (23). 

Women were excluded from participation because of the documented affects of 

the following conditions on the study‘s dependent variables: [1] documented metastasis; 

[2] currently receiving chemotherapy/radiation treatment; [3] previous or current use of 

bisphosphonates; [4] smoking; [5] irregular menses (less than 9 menstrual cycles / year) 

at time of diagnosis; [6] conditions known to affect bone metabolism (e.g., diabetes 

mellitus, hyperparathyroidism, hypothyroidism); [7] current use of medications known to 

affect bone metabolism (e.g., thiazide diuretics, glucocorticoids, hormone/estrogen 

replacement therapy); and [8] conditions known to disrupt postural stability (e.g., 

multiple sclerosis, Parkinson‘s disease).  Control subjects were excluded if they met 
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exclusion criteria 3 – 7 and/or were lactating.  After recruitment and exclusion, 56 breast 

cancer survivors and 31 controls were recruited (87 total).  For this study, two 

observations were discarded because they had neither FFQ nor fall information.  Four 

other observations had FFQ data but no fall data—these were retained for demographic 

information but were excluded from regression analysis.  Thus the sample size utilized 

for the secondary analysis was 85 women (81 for regression). 

Measurements 

Women completed laboratory and physical functioning tests at baseline, along 

with providing demographic information.  Participants also completed the Block98 FFQ 

and the Kaiser Physical Activity Survey (KPAS) at baseline.  Bone-free lean mass and fat 

mass were determined from whole body scans measured via dual x-ray absorptiometry 

(Hologic Discovery Wi).  The cohort was provided with postcards on which they could 

record, and return to the investigators, the number of falls and fractures experienced each 

month.  This follow-up period lasted for one year.  The primary outcome of interest for 

this study was falling status.  Falls were self-reported, and were defined as a subject‘s 

unintentionally coming to rest on the ground or at some other lower level, not as a result 

of a major intrinsic event (e.g., stroke or syncope) or overwhelming hazard (32).  The 

responses from the postcards were condensed into a dichotomous variable which 

described faller status.  Persons were classified as either a non-faller (no falls in the 12 

month follow-up period) or a faller (at least one fall reported).   

Nutritional information for the current study was taken from the results of the 

FFQ, which assessed the habitual nutrient intake over the previous year.  The FFQ used is 
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a validated dietary assessment measure that was developed from National Health and 

Nutrition Examination Survey III data (33, 34, 35).  Physical activity was measured by 

the KPAS, an adaptation of the Baecke usual physical activity survey designed 

specifically to assess activity in women (36).  It uses Likert-scale questions in four 

summary activity indexes: sports/exercise, active living, occupational, and 

household/caregiving (37).  These four indexes are then combined to provide a 

continuous measure of physical activity levels (range 4 – 20).  This survey has 

demonstrated good reliability and is reasonably accurate in detecting regular activities 

among women with a broad range of physical activity habits (36).  A copy of the KPAS 

is shown in Appendix 3. 

Data Management & Statistical Methods 

All analysis was performed using SAS version 9.1.3 (SAS Institute Inc.).  

Because the outcome of falls is not rare (>10%), the odds ratio that would be provided by 

using logistic regression would not be a good approximation of the relative risk (RR) 

(38).  Thus, a log-binomial regression was chosen to provide RR estimates directly.  

However, with some variables the algorithm would not converge in SAS.  To overcome 

this obstacle, the Poisson approximation of the log-binomial method was utilized (39).  

To keep the analysis consistent, this approximation was then used for all regression 

procedures.  Because the sample size was previously established, post-hoc power 

analyses were performed using an online calculator (40).  Power, minimum detectable 

difference, and necessary sample size were computed for each association of interest. 
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The primary risk factor variables for this study were measures of fat, protein, and 

a Healthy Eating Index (HEI) score, which was calculated for each person by the Block 

service using the scoring method shown in Appendix 1.  Protein and fat intake were both 

provided in relative and absolute measures by the FFQ, and thus several potential 

variables to assess the associations of interest were possible.  For each participant, fat and 

protein were reported both in grams per day and percentage of calories from fat/protein 

per day.  Categorical variables were also created around cutoff values represented in the 

literature and data-derived tertiles.  Variable distributions and cross-tabulation tables 

were assessed to explore their relationships further.  Carbohydrate intake was similarly 

reported and assessed.   

To determine the best way in which to evaluate an association between nutrient 

intake and fall risk, regressions were run between each variable iteration and faller status.  

For fat, continuous variables assessed were grams of fat per day and percentage of 

calories from fat per day.  Categorical variables assessed were grams of fat per day (more 

or less than 65 g), grams of fat per day (tertiles), percentage of calories from fat per day 

(more or less than 30%), percentage of calories from fat per day (more or less than 35%), 

and percentage of calories from fat per day (tertiles).  For protein, continuous variables 

assessed were grams of protein per day and percentage of calories from protein per day.  

Categorical variables assessed were grams of protein per day (more or less than 60 g), 

grams of protein per day (tertiles), percentage of calories from protein per day (more or 

less than 15%), and percentage of calories from protein per day (tertiles).   
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This was also the case for carbohydrates, which had continuous variables for 

grams of carbohydrates per day and percentage of calories from carbohydrates.  

Categorical variables were created for grams of carbohydrates per day (more or less than 

130 g), grams of carbohydrates per day (tertiles), and percentage of calories from 

carbohydrates per day (tertiles).  For HEI score, categorical variables were created as 

well, one following the established categories (poor, needs improvement, good), and 

another of tertiles of HEI score.  For each of the markers of interest, the variable iteration 

which had the most significant p-value was the variable retained for further testing.  The 

variables chosen to be used were tertiles of percentage of calories from fat, protein, and 

carbohydrates, and the categorical HEI score variable with literature defined cutoffs.   

A similar process was used for the creation of variables to be assessed as potential 

covariates or confounders.  These variables were often recorded continuously, and so new 

categorical variables were created using literature-defined cutoff values as well as tertile 

variables.  Regression and p-values were again used to determine which coding of each 

variable would be utilized.  The potential covariates evaluated were: FSH level 

(categorical, more or less than 30 mIU / ml), FSH level (continuous, in mIU / ml), KPAS 

score (categorical, tertiles), Body Mass Index (BMI, categorical, tertiles), age 

(continuous), age (more or less than 43, data driven), percentage body fat (tertiles), 

calories per day (more or less than 2000), falls at baseline (continuous), breast cancer 

status (categorical, breast cancer survivor or breast cancer free control), vitamin D 

(categorical, more or less than 400 IU daily), calcium (categorical, more or less than 1000 

mg daily), total lean body mass (tertiles, in grams), total fat body mass (tertiles, in 

grams), and total body mass (tertiles, in grams).   
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To build the models, the unadjusted relative risk (RR) estimate was obtained for 

each of the three primary variables of interest.  Potential covariates were then added to 

the model one at a time.  Those variables which were significant at the 0.10 level were 

then placed concurrently into a large main effects model.  A backwards stepwise variable 

elimination procedure was then used to remove any variable which was not significant at 

a p-value cutoff of 0.05.  The model remaining after this step was considered the main 

effects model.  Potential confounders were then added singly to see if they changed the 

RR estimate of the primary variable of interest by 10% or more.  Those variables which 

did change the RR by 10% or more were retained into the final model.  Due to the size of 

the dataset, interaction effects were not assessed.  From these final models the RR 

estimate and 95% CI were reported for each primary risk factor. 

RESULTS 

Table 1 shows demographic and nutritional distributions for the study population, 

offering measures both overall and by faller status.  Table 2 shows mean values for each 

variable as well.  From these tables, several interesting things are noticeable about this 

group of women.  First, most of these women are consuming a high amount of calories 

from fat.  While most sources call for an upper limit of 30 or 35 percent of calories from 

fat, these women are consuming an average of 40 percent.  At the same time, all women 

consumed at least the lower bound of the recommended amount of protein of 10-15% of 

calories and below the upper bound of 35%.  With an average intake of 44.6% (+/- 8.9), 

many of these women fell below the recommended 45 – 65% of calories from 
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carbohydrates daily.  These recommendations come from the Acceptable Macronutrient 

Distribution Range (AMDR) and the 2005 Dietary Guidelines for Americans (12, 42, 43). 

Looking at overall intake, it is suggested for women to consume a diet of 1800 to 

2000 calories a day (42).  However, these women consumed only 1587 (+/- 470) on 

average, with fallers consuming an average 70 calories fewer than non-fallers.  This 

departure from dietary recommendations is further seen in the HEI score, where the 

average score for these women (65 +/- 12) resides in the middle of the ―needs 

improvement‖ category (51-80).  For micronutrient intake, most women seem to be 

meeting recommendations for daily calcium intake of 1000 mg with an average of 1277 

mg, but are not meeting the recommended daily intake of vitamin D of 400 IU with an 

average intake of 302 IU (with fallers consuming an average 44 IU fewer per day than 

non-fallers).  For all these mean measures, the standard deviations are large enough that 

differences between means for fallers and non-fallers are not likely to be statistically 

significant.   

Another interesting distinction for this population is that their average FSH levels 

place them into the perimenopausal range of at least 30 mIU/ml, with an average of 

42.36.  However, this was also differentiated by faller status, as fallers had an average 

FSH level of 53.1 whereas non-fallers had an average of 30.3, a difference of 22.8 

mIU/ml.  A chi-square test between FSH level (more or less than 30 mIU/ml) and falls 

was statistically significant (p = 0.0119).  FSH was also significantly correlated with falls 

(0.59, p < 0.0001).  Whether or not a women was a breast cancer survivor or a cancer-

free control was another variable shown to be statistically significant in a chi-square test 
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(p = 0.0270).  Other marginally significant chi-square tests involved age more or less than 

43 (p = 0.0731) and calorie intake more or less than 2000 daily (p = 0.0527).   

The distributional spread of protein was fairly narrow, and thus the women in this 

group seem to be replacing carbohydrates in their diets with fats while keeping protein 

intake consistent.  Indeed, percentage of calories from carbohydrates was most highly 

correlated with percentage of calories from fat (-0.85,  p < 0.0001), and less so with 

percentage of calories from protein (-0.48, p < 0.0001) (Table 3).   This trend was also 

seen by running cross-tabular analyses on tertiles of intake.  By adjusting for the intake of 

one macronutrient, the distributions of the other two nutrients are evident.  For example, 

among women with the lowest tertile intake of fat, the majority (71%) had the highest 

tertile intake of carbohydrates, while protein intake was evenly distributed across the 

three tertiles.  This trend was reversed for women with the highest intake of fat.   

When adjusting for protein intake levels, the other distributions pulled towards the 

corners of the distribution table, where the combinations of high fat/low carbohydrates 

and low fat/high carbohydrates were located.  When adjusting for carbohydrate intake 

levels, a trend similar to fat was seen.  When adjusting for the lowest intake of 

carbohydrates, the majority of women (86%) had the highest fat intake, while protein was 

fairly evenly distributed.  When adjusting for the middle amount of carbohydrate intake, 

the majority of women were in the middle tertile of fat intake.  When adjusting for the 

highest intake of carbohydrates, the majority (69%) were in the lowest tertile of fat 

intake, with most also in the lowest tertile of protein intake.  From such tables, it can be 

seen that for these women the percentage of calories from fat and carbohydrates move in 
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opposite directions concurrently, while protein intake remains fairly constant.  A 

graphical example of this trend can be seen in Figure 1.  Statistical significance of these 

trends was not looked at due to the occurrence of cells with zero observations. 

Results of the regression procedures can be found in Table 4.  All models retained 

the continuous variable for FSH level as a covariate, and each retained at least one 

confounder that altered the RR estimate by 10% or more.  For fat, the variable most 

significantly associated with falls was the percentage of calories from fat per day, split 

into tertiles.  The categories for this variable were 0 – 36.66, 36.67 – 42.53, and 42.54 or 

more percentage of calories from fat per day, respectively.  Along with FSH level, the 

variable for tertiles of total body fat mass in grams was retained in the model as a 

confounder.  This model demonstrated a threshold effect, although no RR estimate 

proved statistically significant.  After adjustment, the women who consumed the highest 

tertile of percentage of calories from fat were at greater risk of falling compared to the 

lowest tertile (RR 1.45, 95% CI: 0.89 – 2.35), while the women who consumed the 

middle tertile percentage of calories of fat had essentially the same risk of falling 

compared to those in the lowest tertile (RR 1.01, 95% CI: 0.56 – 1.80).   

For protein, the variable most significantly associated with falls was also the 

percentage of calories from protein per day, split into tertiles.  The categories for this 

variable were 0 – 14.45, 14.46 – 16.50, and 16.51 or greater percentage of calories from 

protein per day, respectively.  Along with FSH level, the variables for consuming at least 

2000 calories, consuming at least 400 IU of vitamin D, and age were included as 

confounders.  This model showed an interesting potential for a j-shaped trend, though 
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also provided no statistically significant RR estimate.  The women who consumed the 

highest tertile of percentage of calories from protein were at a very slightly increased risk 

of falling compared to those in the lowest tertile (RR 1.06, 95% CI 0.60 – 1.85), while the 

women who consumed the middle tertile were at a somewhat reduced risk compared to 

the women in the lowest tertile (RR 0.84, 95% CI 0.52 – 1.33).   

For completeness, carbohydrates were also analyzed.  Again tertiles of percentage 

of calories was the most significant representation for this macronutrient.  Along with 

FSH level, the variable for consuming at least 2000 calories was included as a 

confounder.  This model proved similar to the others, demonstrating a potential threshold 

effect but providing no statistically significant result.  Compared to the lowest tertile 

group, those women who consumed the highest tertile and middle tertile had a similarly 

reduced risk of falling (RR 0.86, 95% CI 0.53-1.40; RR 0.84, 95% CI 0.52-1.37, 

respectively).   

For HEI score, the variable most significantly associated with falls was the tertile 

categorical variable.  However, since this was only marginally more significant than the 

variable categorized by the literature defined cutoff values, the variable representing the 

established categories was used.  The categories for this variable were scores of 0-50 as 

―poor‖, 51-80 as ―needs improvement‖, and 81-100 as ―good‖.  Along with FSH level, 

the variable for consuming at least 2000 calories and the variable for consuming at least 

400 IU of vitamin D were included as confounders.  This model also showed potential for 

a threshold effect, but did not provide any statistically significant RR estimate.  Those 

women who had a HEI score of ―needs improvement‖ had a decreased risk of falling 
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compared to women with a score of ―good‖ (RR 0.78, 95% CI: 0.39 – 1.48), while those 

women who had a score of ―poor‖ had a similarly decreased risk compared to women 

with a score of ―good‖ (RR 0.76, 95% CI: 0.33 – 1.77).   

Each of these models was adjusted differently.  All models had FSH level 

included as a covariate.  While breast cancer status was itself significant in some models, 

when included in the model with FSH it always lost this significance.  Therefore breast 

cancer status may have been serving as a proxy measure of FSH level for the purpose of 

evaluating fall risk.  For fat intake, the model was also adjusted for total body fat mass.  

For protein intake, the model was adjusted for age, vitamin D, and calories.  For 

carbohydrates, the model was adjusted for calories.  For HEI score, the model was 

adjusted for calories and vitamin D.  Thus the most common confounders were calories 

and vitamin D, while age and body fat were also included.  RR estimates and 95% CIs of 

the covariate and confounder variables within the final models can be found in table 5. 

DISCUSSION 

These models provided several interesting trends which call for further attention, 

despite their lack of statistical significance.  For fat, it appears that consuming high 

percentages of calories from fat increases a woman‘s risk of falling.  However, it is 

interesting that this effect was only seen for those with a very high percentage of intake 

(greater than 42.53%) and not for those in the middle tertile who were also over 

recommendations.  This may result from the fact that the majority of the women in the 

study consumed a high percentage of their calories from fat, as the comparison group is 

still elevated above recommended levels of 20-35% (12, 41 - 45).  Thus even though 
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recommendations limit percentage of calories from fat, the threshold for where additional 

intake begins to influence fall risk may be higher.  Therefore if women make an effort to 

consume fat at levels below current recommendations, they may have a buffer before 

additional calories from fat noticeably increase their risk for falls.  It should also be noted 

that other fat cutoffs at the recommended levels of 30 percent, 35 percent, and 65 grams 

were evaluated and found to be less significant than the tertile variable used.  Therefore 

current recommendations may be overly conservative in their relation to fall risk.  

However, staying below these levels is important for other health considerations, and so 

women should still strive to meet them. 

There are several potential mechanisms through which increased fat intake may 

increase fall risk.  One mechanism, mentioned previously, would involve the increased 

levels of fat intake leading to increased fat mass, which could lead to increased fall risk.  

However, since our model for fat includes body fat and the association remains, there is 

likely another pathway in which increased fat intake is influencing fall risk, and body fat 

may have some mediating effect.  One such mechanism may involve energy balance, of 

which adipose tissue plays an active role (46).  Adipose tissue releases a multiplicity of 

protein hormones, signals, and factors which have a range of physiological actions (47).  

Since dietary fat intake influences adipose tissue metabolism, different levels of fat intake 

would likely have an impact on these actions (48).  Such changes might potentially 

influence fall risk by changing a person‘s alertness, response time to stumbles, activity 

levels, or a number of other body processes.  Certainly there are many potential ways in 

which fall risk can be influenced by diet, and many of them appear to be interrelated.  
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Therefore there may not be any one singular mechanism for fat increasing falls, but a 

causal web of risk factors for falls through which fat intake influences fall risk.  

For protein, there seems to be a potential j-shaped trend in the association of 

protein intake and falls, though this result was not statistically significant.  Compared to 

the lowest tertile, those who consumed the middle tertile of percentage of calories from 

protein had a decreased risk of falling.  At the same time, those who ate the largest 

percentages of calories from protein had a slight increase in fall risk.  However, it should 

be noted that overall this group of women ate a fairly similar percentage of calories from 

protein, and so the cut-points for the tertiles are fairly close.  It is generally recommended 

that women consume 10-35% of their calories from protein (43), though some report a 

lower range of 10-15% (45).  However, these values are mainly set to complement the 

intake recommendations for fat and carbohydrates, as no defined intake level at which 

potential adverse effects of protein have been identified.  The lower end of 10% is set at 

approximately the Recommended Daily Allowance (RDA) value.  Other considered 

variables with cutoffs of 60 grams per day or 15 percent of calories from protein were 

less significant than the tertile variable.  From the results of this study, it appears that for 

the purpose of reducing fall risk women should strive to meet the recommended 

percentage of calories from protein. 

There may be several reasons for these findings regarding protein.  First, there 

may be an actual j-shaped curve in which increased protein intake may lead to increased 

risk of falls.  Since excess protein is converted and stored as body fat (12), this may have 

some similar mechanisms for influencing fall risk as increased fat intake.  Alternatively, 
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the trend that was evident in this study could also be a spurious finding that is simply a 

result of a small dataset and a narrow distribution of protein intake.  In this scenario, the 

RR estimates are merely revolving around unity, and any assigned trend may be 

ambitious.  However, the potential for such a trend still exists, as there are many potential 

mechanisms in which protein intake could influence fall risk.  As mentioned previously, 

protein intake can influence muscle mass, which can have influences on balance, body 

control, postural stability, reaction time, and coordination.  Also, protein has been 

identified as being both detrimental and beneficial to bone health depending on other 

dietary factors (49).  Thus different levels of protein intake in these women may be 

affecting bone mass, which could influence their fall risk through increased frailty, 

development of osteoporosis, or decreased skeletal muscle.  Rather than one mechanism, 

there are likely many different but interrelated processes through which protein intake 

could be influential for fall risk. 

Percentage of calories from carbohydrates also showed an interesting threshold 

effect, though it was not a primary variable of interest for this study.  Compared to the 

lowest tertile, women who consumed the highest and middle tertiles of percent of calories 

from carbohydrates were at similarly decreased risk of falling.  The cutoff for this effect 

occurs just below the lower bound of the recommended percentage of calories from 

carbohydrates of 45%.  Since fat and carbohydrate intake were correlated, it makes sense 

that the RR estimates for each would show threshold effects in opposite directions.  The 

mechanism for reducing fall risk could be similar to fat intake, but in the reverse.  By 

eating more carbohydrates, the consumed percentage of calories from fat is likely to go 

down, reducing the effects of fat intake.  It is likely that many of the biological 
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mechanisms through which these macronutrients influence fall risk are interrelated in a 

causal web of factors. 

For HEI score, the surprising trend found was that women whose diets scored as 

needing improvement and poor were actually at a decreased risk for falling over the 

course of the year.  This is the opposite of what was expected, in that poorer diets 

actually may decrease falling risk compared to good diets.  However, this could be a 

result of the low numbers of women in the good category, as the majority (65 / 85) of the 

diets were scored as needing improvement.  Since there were only 8 women in the 

comparison group of ―good‖ diets, these RR estimates are highly vulnerable to variability 

within this group.  If one less or one more woman reported falling, these estimates would 

likely change considerably.  This is a limitation that was addressed by using tertiles in the 

other variables, but for consistency with the literature was not utilized for this variable.  

For this reason, the relative risk estimates reported for HEI score are more likely to be 

spurious than the other variables.   

However, since the trend was shown, it is important to evaluate its potential 

mechanism.  One explanation would be the scoring of the variable.  If, for example, 

women ate more food than necessary in an attempt to meet all the guidelines, over time 

this could lead to weight gain.  In such a case a poorer HEI score may be serving as a 

proxy measure for overeating.  However, the model did include a dichotomous variable 

for caloric intake, so this may not be the case.  Alternatively, this HEI score may not be 

measuring aspects of the diet which are important for fall risk, and there may be no 

difference between those who score as ―good‖ and those who do not.  Of course, the 
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other option is that this is a real trend, and that dietary intake which scores well on this 

HEI influences fall risk positively.  Because of the sample size and distribution of the 

women‘s scores, the answer is not clear.  As such, this is a finding that would greatly 

benefit from additional study where women consumed diets that would have a better 

distribution of scores.   

Because of the makeup of the study population, there are many factors which 

must be addressed.  Firstly, research has shown that breast cancer survivors may be at 

increased risk of falling due to physiological effects of treatment.  This increased risk 

may be due to treatment related declines in musculoskeletal function, ovarian function, or 

drug reactions.  In patients on glucocortocoid therapy, a shift from fat to protein oxidation 

leads to gains in fat mass, loss of muscle mass and muscle weakness (50).  Higher body 

mass, and specifically higher fat mass, is associated with poorer stability that may 

increase fall risk (17).  Weight gain and increased percent body fat are common during 

chemotherapy, and are greater in premenopausal women treated with tamoxifen (51).  If 

the breast cancer survivors in this study remained at higher levels of body fat after 

treatment then they would likely remain at increased risk for falls.  However, breast 

cancer status was considered in the analysis as both a covariate and confounder 

candidate, but was never retained according to statistical criteria.  Therefore it is unlikely 

that breast cancer itself is responsible for the results seen. 

Furthermore, while all the women were premenopausal at diagnosis, many of the 

women became menopausal due to their treatment and were menopausal at enrollment.  

Menopausal status has been previously implicated as a risk factor for falling, with 
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postmenopausal women more likely to fall than premenopausal women (26).  Other 

research has also shown an increase in the risk of falling for women who are 

perimenopausal (24).  In this study, the average FSH level for the entire group was 

elevated above 30 mIU/ml, a generally used threshold for perimenopausal status.  

Therefore it is likely that this group of women as a whole is at an increased risk of 

falling.  FSH levels were also highly correlated with Breast cancer status (0.59, p < 

0.0001).  While both were initially included as covariates, breast cancer status always 

proved less significant than FSH level.  Thus breast cancer status may be acting as a 

proxy for FSH level in this group, and it is actually the hormonal changes associated with 

menopause, marked by FSH levels, which are responsible for influencing fall risk.  If this 

is the case, then breast cancer is important in this study for its impacts on menopausal 

status rather than the disease itself.  By including FSH levels in all the models as a 

covariate, the influence of breast cancer status is assumed to be accounted for. 

The largest limitation of this analysis was the small sample size of the study 

population.  While several interesting trends were found, there was insufficient power to 

find statistically significant results.  The association of fat intake with falls (highest vs. 

lowest tertile), as the most significant of the models, still only had 33% power to detect a 

statistically significant difference, with a minimum detectable difference of 0.58 (40).  

This relationship would have needed a sample size of at least 136 women in order to 

reach statistical significance.  The other models had considerably less power, and would 

have needed a much larger group.  With a larger sample size, it is likely that different 

categories of nutrient intake may have had a larger distribution, and so the use of tertiles 

would not have been necessary.  Additional study would be very useful in determining 
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whether the trends found in this study are a true finding or are simply a function of 

chance.   

While several options were available for analysis, the use of regression and 

relative risk estimates was determined to be the best option for the dataset.  While the use 

of hazard analysis was a possible approach, the time-to-fall data was not complete 

enough in the dataset to warrant this method.  Also, as self-reported data, falls were 

assumed to not have occurred if a postcard was not returned for any month.  This may 

have not always been the case, but the potential impacts of a person not reporting a fall 

for any given month was lessened by using an aggregate approach.  At the end of follow-

up, all twelve months were combined into a single variable rather than evaluated as time-

to-event data.  Since the exposure of interest was also not so much a particular time point 

as a representative marker of long-term intake, hazard analysis did not seem as 

appropriate a method for this analysis. 

The results of this study, though not significant, are still useful in furthering the 

understanding of nutrition and falls.  Very little research has been done in this area, 

particularly in either breast cancer survivors or women below the age of 65.  

Furthermore, most research tends to focus on fracture risk rather than fall risk.  However, 

the prevention of falls is a worthwhile effort, as it can in turn prevent the many negative 

health outcomes resultant from falling.  The wide-ranging effects of falls and the 

potentially high cost of these effects necessitate identification and targeting of those 

persons at greatest risk of falling (20).  Personal nutrition is an area in which people 

generally have some control, and so may be an effective area in which to elicit change.  
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While specific to this study population, the results from this study show that meeting 

dietary recommendations may be a worthwhile goal for women who wish to prevent falls.  

Future studies should further evaluate these relationships in other populations in order to 

make more specific recommendations.  

SUMMARY AND CONCLUSIONS 

Falls are a serious health concern as people age.  Injury, fracture, disability, and 

death are all potential results from falls.  As such, preventing falls is important as a 

proactive step to preventing further negative health outcomes.  In this cohort of women, 

increased percentages of calories from fat were associated with increased risk of falling 

over one year.  Medium levels of percentage of calories from protein were associated 

with decreased risk of falling over one year, while increased levels showed a slightly 

elevated risk.  Higher percentages of calories from carbohydrates were associated with 

decreased falling risk.  Lower scores on the Healthy Eating Index were associated with 

decreased risk of falling.  None of these associations were statistically significant at the 

0.05 level.  However, the trends and threshold effects are interesting and the lack of 

significance can likely be attributed to the low sample size used in this analysis.  Future 

studies with better power to find significant associations should be performed to better 

evaluate these relationships.  In the meantime, women should continue to strive to meet 

dietary recommendations.  While this may or may not statistically decrease a woman‘s 

risk for falling, doing so is likely to confer many other health benefits which are likely to 

improve overall quality of life. 
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Table 1 - Frequency measures  

     
               Counts and percentages of women for several categorical variables.  Gives overall numbers  
and numbers stratified by faller status.  Chi-square test measures difference between faller  
and non-faller. 

              
               
   

n % 
          

               Falls over one year 0 
 

37 46 
          

 
1 

 
18 22 

          
 

2+ 
 

26 32 
          

               Falls over one year 0 
 

37 46 
          

 
1+ 

 
44 54 

          
               
      

non-fallers fallers 
    

   
n % 

 
n % 

 
n % 

 
χ2 test 

 
               Age <43 

 
31 39 

 
18 50 

 
13 30 

 
0.07 

  
 

43+ 
 

48 61 
 

18 50 
 

30 70 
    

               BMI <25 
 

47 57 
 

21 57 
 

23 55 
 

0.88 
  

 
25-30 

 
19 23 

 
8 22 

 
11 26 

    
 

30+ 
 

17 20 
 

8 22 
 

8 19 
    

               Falls at baseline 0 
 

51 60 
 

22 60 
 

28 64 
 

0.92 
  

 
1 

 
19 22 

 
8 22 

 
9 50 

    
 

2+ 
 

15 18 
 

7 19 
 

7 16 
    

               Fractures at baseline 0 
 

79 93 
 

34 92 
 

41 93 
 

0.83 
  

 
1 

 
6 7 

 
3 8 

 
3 7 

    
               Breast Cancer 
survivor no 

 
29 36 

 
18 62 

 
19 37 

 
0.03 

  
 

yes 
 

52 64 
 

11 38 
 

33 63 
    

               FSH level <30 
 

37 49 
 

23 64 
 

14 35 
 

0.01 
  

 
30+ 

 
39 51 

 
13 36 

 
26 65 

    
               Calories 2000+ 

 
11 14 

 
8 22 

 
3 7 

 
0.05 

  
 

<2000 
 

70 86 
 

29 78 
 

41 93 
    

               Total vitamin D intake 400+ 
 

33 41 
 

18 49 
 

15 34 
 

0.18 
  

 
<400 

 
48 59 

 
19 51 

 
29 66 

    
               Total Calcium intake  1000+ 

 
50 62 

 
24 65 

 
26 59 

 
0.59 

  
 

<1000 
 

31 38 
 

13 35 
 

18 51 
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          Table 2 - Mean measures

Mean values for factors utilized in this study.  Gives mean values and standard deviations for

both the overall group of women and stratified by faller status.

               total                  non-fallers             fallers

Factor mean std. Dev. mean std. Dev. mean std. Dev.

Falls over 1 year 1.48 2.2 - - 2.7 2.3

Falls at baseline 0.9 2.0 1.1 2.6 0.8 1.4

Fractures at baseline 0.1 0.3 0.1 0.3 0.07 0.3

Protein per day (g) 62.5 21.1 66.0 24.7 61.0 17.3

Carbohydrates per day (g) 178.1 66.3 184.2 83.6 175.2 49.9

Total Fat per day (g) 70.3 22.7 70.8 20.9 71.3 23.6

HEI score (0 - 100) 65.1 12.2 64.8 13.1 65.1 12.0

% calories from fat 40.1 7.4 40.0 8.2 40.4 6.9

% calories from protein 15.8 2.5 16.1 2.6 15.6 2.5

% calories from carbohydrates 44.6 8.9 43.6 10.3 44.8 7.6

Calories per day 1,587 470 1,642 544 1,572 390

Age (years) 43.8 5.7 42.4 6.6 44.6 4.7

BMI 25.6 5.0 25.5 4.2 25.6 5.4

% Body Fat 34.1 6.9 33.6 6.9 34.3 7.0

Total Fat mass (g) 24,688 9,485 24,125 8,749 24,765 9,906

Total Lean mass (g) 43,305 5,418 43,449 5,362 43,019 5,078

Total Mass (g) 70,250 13,765 69,839 12,814 70,026 13,906

KPAS score (4 - 20) 11.4 1.9 11.3 1.7 11.4 2.0

FSH level (mIU/ml) 42.4 37.7 30.3 31.3 53.1 40.8

Vitamin D (IU) 302.3 226.5 331.2 238.5 287.1 218.9

Calcium (mg) 1,277 564 1,330 589 1,264 548
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Table 3 - Correlations of variables of interest

Provides correlations of several variables, along with the associated p-value.

Correlation of falls over one year, percentage of calories from carbohydrates/fat/protein, and HEI score.

Falls % carbohydrates % fat % protein HEI score

falls2 1 0.07 0.03 -0.10 0.01

0.54 0.82 0.37 0.92

% carbohydrates 1 -0.85 -0.48 0.63

<0.0001 <0.0001 <0.0001

% fat 1 0.19 -0.68

0.08 <0.0001

% protein 1 -0.07

0.53

HEI score 1

Correlation of falls over one year, breast cancer status, and FSH level.

Falls Breast Cancer FSH level

Falls 1 0.2457 0.5892

0.027 <0.0001

 

Breast Cancer 1 0.3

0.0085

FSH level 1
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Table 5 - Full relative risk estimates 

For each primary risk factor, provides the Relative Risk (RR) estimate and 95% Confidence 

Interval (CI) for all variables in the regression model.  Variables are defined below.

Variable Categories RR              95% CI

Lower Upper

Fat % calories fat Mid vs Low 1.01 0.56 1.8

% calories fat High vs Low 1.45 0.89 2.36

Body fat Mid vs Low 1.36 0.86 2.15

Body fat High vs Low 0.83 0.48 1.45

FSH 1.01 1 1.01

Protein % cal protein Mid vs Low 0.84 0.52 1.34

% cal protein High vs Low 1.06 0.6 1.85

FSH 1.01 1 1.01

Age 1.03 0.99 1.08

Calories 2.96 0.93 9.47

Vitamin D 1.5 0.96 2.33

Carbohydrates % cal carbs Mid vs Low 0.86 0.53 1.4

% cal carbs High vs Low 0.84 0.52 1.37

FSH 1.01 1 1.01

Calories 2.86 0.82 9.98

HEI score HEI score Needs Imp. vs Good 0.76 0.39 1.48

HEI score Poor vs Good 0.76 0.33 1.77

FSH 1.01 1 1.01

Calories 2.96 0.9 9.8

Vitamin D 1.26 0.82 1.91

Variable Variable Description

% calories fat tertiles of percentage of calories from fat

% cal protein tertiles of percentage of calories from protein

% cal carbs tertiles of percentage of calories from carbohydrates

HEI score HEI score: Good, Needs improvement, Poor

FSH continuous FSH level

Body fat tertiles of total body fat mass (g)

Calories dichotomous above or below 2000 calories daily

Age continuous age

Vitamin D dichotomous above or below 400 IU vitamin D daily
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Appendix 1 – HEI scoring sheet (52). 
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Appendix 2 – Block 98 Food Frequency Questionnaire. 
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Appendix 3 – Kaiser Physical Activity Survey and scoring mechanism (36). 
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