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Abstract
Objectives—To evaluate the association between protein intake and incident frailty.

Design—Prospective cohort study.

Setting—Subset of the Women’s Health Initiative Observational Study conducted at 40 clinical
centers.

Participants—24,417 women aged 65-79 years who were free of frailty at baseline with
plausible self-reported energy intakes (600-5000 kcal/day) by Food Frequency Questionnaire
(FFQ)

Measurements—Baseline protein intake was estimated from FFQ. Calibrated estimates of
energy and protein intake were corrected for measurement error using regression calibration
equations estimated from objective measures of total energy expenditure (doubly labeled water)
and dietary protein (24-hr urinary nitrogen). After three-years of follow-up, frailty was defined as
having at least three of the following components: low physical function (measured by Rand-36
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questionnaire), exhaustion, low physical activity, and unintended weight loss. Multinomial logistic
regression models estimated associations for both uncalibrated and calibrated protein intake.

Results—Among the 24,417 eligible women, 3,298 (13.5%) developed frailty over three years.
After adjustment for confounders, a 20% increase in uncalibrated protein intake (%kcal) was
associated with a 12% (95% Confidence Interval (CI)= 8% to 16%) lower risk of frailty, while a
20% increase in calibrated protein was associated with a 32% (95% CI= 23% to 50%) lower risk
of frailty.

Conclusion—Higher protein consumption, as a fraction of energy, is associated with a strong,
independent, dose-responsive lower risk of incident frailty in older women. Using uncalibrated
measures underestimated the strength of the association. Incorporating more protein into the diet
may be an intervention target for frailty prevention.
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INTRODUCTION
Frailty is a geriatric syndrome characterized by slowness, weakness, fatigue, low physical
activity, and unintentional weight loss1. Frail older individuals are at substantially greater
risk of many adverse health outcomes including falls, fractures, development of disabilities,
hospitalizations, and death2, 3. Frailty is an increasingly important public health problem
with the aging of the United States population: prevalence estimates of frailty from several
population-based cohorts of women aged 65 or older range from 7.3 to 16.3%1, 3, 4.

The Health, Aging, and Body Composition Study recently reported that over a 3-year
period, those in the highest quintile of protein intake lost approximately 40% less total lean
mass compared to those in the lowest quintile5. This supports the hypothesis that increasing
protein intake may confer protection against frailty. To date, this hypothesis has not been
examined in prospective, observational studies, many of which either lack detailed dietary
data or are limited by related measurement issues6, 7. The major question of clinical
importance is whether the Institute of Medicine’s Recommended Dietary Allowance (RDA)
for protein of 0.8 g/kg/day8 is adequate for elderly individuals, since recommendations were
established based primarily on short-term nitrogen balance studies in young men9, 10 and
after 14 weeks of consuming 0.8 g/kg/day of protein, older adults lost muscle 11.

We investigated protein intake in relation to incident frailty in the Women’s Health Initiative
Observational Study (WHI-OS). To improve upon self-reported protein intake, we employ
an approach for statistically correcting for measurement error using biomarkers for total
energy and protein12. Thus, in this report we compare association findings from crude self-
reported intake with findings obtained using biomarker-calibrated intake estimates. Since
higher quality dietary protein is postulated to strengthen the protein frailty association13, we
also examine the association between protein intake and frailty stratified by the amount of
essential amino acid or protein from animal (versus vegetable) sources.

METHODS
Study Sample

The Women’s Health Initiative consisted of three overlapping clinical trials (Hormone
Therapy, Dietary Modification, and Calcium/Vitamin D) and an observational study (WHI-
OS). The WHI-OS, a prospective cohort study that enrolled 93,676 women ages 50-79
between 1993 and 1998 at 40 US clinical centers, has been described in detail elsewhere14.
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Women were eligible if they were postmenopausal, unlikely to relocate or die within 3
years, and were not participating in any clinical trials. The study was reviewed and approved
by human subjects review committees at each participating institution, and each study
participant provided written, informed consent.

Women were eligible for these frailty analyses if at baseline they were at least 65 years old,
were not classified as frail, reported energy intake between 600 and 5000 kilocalories per
day on the food frequency questionnaire (FFQ)15and were free of diagnoses or diseases that
manifest as frailty or substantially modify protein intake recommendations (Parkinson
disease, congestive heart failure, stroke, coronary heart disease, kidney disease, use of
antidepressant medications). We also excluded study participants if exclusion criteria could
not be assessed or if covariates necessary for computing calibrated protein and energy intake
(BMI, age, race, education, income, smoking, physical activity) were missing, yielding a
total sample size of 24,417.

Outcome Ascertainment
Frailty was assessed after three years of follow-up, using criteria developed by Fried et al
1and adapted for WHI as previously described3. Briefly, components comprising the frailty
outcome were: muscle weakness/slowness, poor endurance/exhaustion, low physical
activity, and unintentional weight loss. The Rand-36 Physical Function Scale (range
0-100)16, 17 was used to estimate muscle weakness and slow walking speed. Low physical
activity was classified using a separate questionnaire that assessed the frequency and
duration of four speeds of walking and activities in the prior week18. Energy expended per
kilogram of body weight in a week of leisure time activity (including walking, mild,
moderate, and strenuous) was calculated 19. Unintentional weight loss was defined as >5%
body weight as measured by the difference between the baseline and year 3 follow-up
combined with a self-reported item at the follow-up visit on whether recent weight loss was
intentional.

For each of the three questionnaires, one point was assigned if the participant’s assessment
fell in the lowest quartile of the distribution for that component. In accordance with Fried’s
criteria, poor physical function, assessed as scoring in the lowest quartile on the Rand-36
Physical Function Scale, was scored as two points because it assessed both muscle strength
and walking ability. Points were summed and each participant was assigned a frailty score
between 0 and 5, and ≥3 was defined as frailty with a score of 1-2 termed intermediate, as
previously defined20. This definition of frailty was shown to be previously strongly
predictive of death, ADL disability, hospitalization, and hip fractures in this cohort3.

Exposure Measurement
WHI Food Frequency Questionnaire (FFQ)—All WHI-OS women completed the
FFQ at baseline. The self-administered FFQ included 122 items for individual foods/food
groups, 19 adjustment items, and summary questions15. For the frailty analyses, protein
intake was characterized as a percentage of total kilocalorie intake (% kcal), total intake in
grams, and as a ratio of grams of daily protein intake per kilogram of body weight8. Type of
protein intake was characterized by source (animal versus vegetable). Quality of protein was
summarized as the sum of essential amino acids, as defined by having a recommended
intake assigned by the Joint FAO/WHO/UNU Expert Consultation (histidine, isoleucine,
leucine, lysine, methionine, cysteine, phenylalanine, tyrosine, threonine, tryptophan,
valine)21, 22.

Calibrated Protein Estimation—As previously described12, the WHI Nutritional
Biomarkers Study (NBS) was conducted in 2004-2005 to further assess the measurement
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properties of the FFQ by using objective biomarkers of total energy expenditure (equivalent
to energy intake in weight stable persons) and protein intake. 544 women from twelve
clinical centers of the Dietary Modification trial participated in a doubly-labeled water
protocol to estimate total energy expenditure over a two-week period and a urinary nitrogen
protocol to estimate protein consumption over a 24-hour period to be compared with
concurrent self-reported dietary intake data. Calibrated energy and protein estimates were
obtained by inserting FFQ consumption estimates and other characteristics obtained from
WHI Observational Study participants at baseline into regression equations, an average of
6.5 years prior to the NBS data collection.

These results demonstrated that FFQ total energy was considerably underestimated and
protein was modestly underestimated, while percent of energy from protein was
overestimated. Calibration equations were developed separately for energy, protein in
grams, and percent of energy from protein by linear regression of log-biomarker estimates
on corresponding log-FFQ estimates, body mass index, age, and other participant
characteristics. We also constructed a fourth measure of protein intake by multiplying
uncalibrated percentage of energy from protein reported on the FFQ by calibrated energy.
The regression calibration equations were applied to the baseline FFQ data, and we related
the calibrated protein estimates to subsequent frailty incidence.

Potential Confounders
Data on demographic characteristics (age, family income, education, race/ethnicity), medical
history (hip fracture, emphysema, treated diabetes, hypertension (on medication and/or
blood pressure >140/90 mmHg), arthritis, cancer), and other health-related characteristics
(having a current health care provider, number of falls, living alone, general health status,
ability to perform activities of daily living, depression) were obtained by self-report at
baseline. Body mass index (BMI) was computed using measured height and weight at
baseline (weight in kg / height2 in m2). Alcohol, energy, and percent of energy from total fat
were estimated from the FFQ. Dietary supplement use was assessed by an inventory-type
questionnaire in which study staff recorded nutrients from participants’ bottles brought to a
clinic visit, including selected nutrients that may be associated with both protein intake and
frailty incidence (multi-vitamin, multi-vitamin with minerals, B vitamins, and iron)23.
Smoking status was classified as current, past, or never. Depressive symptoms were assessed
by 6-item short form of the Center for Epidemiologic Studies Depression (CESD) Scale24.
Postmenopausal hormone therapy was ascertained by interview and categorized as current,
past, or never use of any estrogen with or without progestin.

Statistical Analysis
Baseline demographic, medical history, and health-related characteristics were compared
according to protein expressed as a percentage of energy intake. A series of multinomial
logistic regression models were used to examine associations between protein intake and
incident frailty adjusting for the confounding factors stated above. The response variable
was coded as not frail (referent), intermediate frailty (frailty score of 1-2), or frail (frailty
score of 3-5).

Continuous log-transformed protein intake was scaled to estimate the association of a 20%
increase in intake with risk of incident frailty. Models were adjusted for independent
predictors of frailty identified previously including age, income, education, race/ethnicity,
BMI, smoking status, alcohol consumption, physical activity, hormone therapy use, self-
reported health, whether the participant lived alone, and reported medical conditions at
baseline3. Separate models were fit that included other aspects of diet (total fat intake as a
percent of energy and dietary supplement use) that were potential confounders of the
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association between protein and frailty. Analyses were also stratified by tertile of animal
protein and essential amino acid intake. To assess whether any observed differences varied
by protein quality, multiplicative interaction by tertile of animal protein and tertile of
essential amino acid intake was evaluated by testing the significance of cross-product terms.
Uncalibrated measures were used for these analyses since calibrated estimates were
available for total protein only.

Uncalibrated and calibrated consumption estimates are presented to evaluate the influence of
the calibration procedure. Standard error estimates of the log-odds for uncalibrated
consumption estimates are derived from multinomial regression models. For calibrated log-
odds standard error (SE) estimation, a bootstrap procedure (500 bootstrap samples) was
applied to account for uncertainty in the calibration equation estimates. The relation between
uncalibrated and calibrated measures of protein intake was assessed using Spearman
correlations. The association between type of protein intake and incident frailty was
examined within tertiles of protein source (animal versus vegetable) and quality (essential
amino acids). Evidence for interaction by age, body mass index, and number of chronic
diseases was evaluated using models including the cross product between calibrated protein
intake and the potential effect modifier. All analyses were conducted in SAS (SAS, Cary,
NC, V9.2). Statistical significance was defined as P<0.05.

RESULTS
Higher protein intake was positively associated with measures of socioeconomic status
(having more years of education, white race, higher income, more current hormone therapy
use, not living alone at baseline, having a current health care provider). Some factors
associated with better health were associated with protein intake (being younger, non-
smoker, having lower scores on the depression measure, not having a history of cancer or
hypertension) while other factors associated with higher protein intake were associated with
lower health status (having arthritis and treated diabetes) (Table 1). Mean calibrated percent
energy from protein (Mean=14.3%, SD= 1.3%) estimates were lower and less variable than
uncalibrated estimates (Mean=17.0%, SD=3.2).

At the year 3 follow-up, 13.5% (N=3,298) of women were classified as frail and 29.8%
(N=7,282) met the criteria for “intermediate” status, having one or two frailty components.
Uncalibrated protein intake was inversely associated with incident frailty, and calibrating
protein and energy intake increased the strength of the association. After adjustment for
factors previously described as associated with frailty, a 20% increase in uncalibrated
protein intake (%kcal) was associated with a 9% lower risk of intermediate frailty
classification and a 12% lower risk of frailty classification (Table 2; Model 2). Additional
models (Table 2; Model 3) adjusting for fat intake and intake from other nutrients that may
have accounted for the observed association did not qualitatively change estimates. When
protein intake was categorized into quintiles, similar associations were observed across the
range of protein intake (Figure 1).

The size of the frailty log-odds ratios more than doubled following the calibration
procedure, resulting in a 24% lower risk of intermediate frailty and a 32% lower risk of
frailty for every 20% increase in calibrated protein intake (%kcal) (data not shown).
Adjustment for energy from fat, vitamin and mineral intake resulted in an OR of 0.77 for
frailty (95% CI=0.58 to 0.87) (data not shown). Associations were similar when protein was
expressed in terms of grams of intake per kilogram of body weight, or when multiplying
uncalibrated percentage of energy from protein by calibrated energy intake. When
characterizing the exposure as absolute protein intake in grams, the association was either
attenuated or in the reverse direction compared to other exposure metrics. This presumably
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reflects the better ability of the FFQ to assess nutrient consumption as a fraction of total
energy, as compared to absolute nutrient consumption. Uncalibrated energy was not
independently associated with frailty, but calibrated energy intake was inversely associated
with frailty after accounting for BMI.

Spearman correlations between uncalibrated and calibrated measures of protein intake were
high (r=0.77 for grams of protein, 0.74 for grams of protein/kilogram body weight and 0.92
for percentage of energy from protein), but the correlation for energy intake was only 0.38
(Table 3). As expected, essential amino acid intake was more highly correlated with grams
of animal protein (r=0.97) compared with vegetable protein (r=0.64).

After adjustment for confounders, including other dietary factors such as iron and B
vitamins found in animal foods, there was no difference in the association between total
protein, expressed as a percentage of total energy intake, and incident frailty, among those
who consumed low versus high amounts of protein from animal sources (Table 4). The
inverse association between protein intake and incident frailty was also similar in each tertile
of essential amino acid intake (data not shown). Analyses were repeated excluding cysteine
and tyrosine as essential amino acids and results were similar, as the correlation between the
two measures of essential amino acid intake was >0.99 (data not shown). There were no
significant interactions (P>0.1 for all comparisons) between protein (%kcal) and frailty by
tertile of animal protein or essential amino acids (data not shown). There was also no
evidence for effect modification in the relation between protein and frailty by age group,
body mass index category, or number of chronic diseases (P>0.1 for all comparisons).
Trends were similar for both uncalibrated and calibrated protein, but associations were
weaker for uncalibrated compared to calibrated protein.

DISCUSSION
In this study of 24,417 women aged 65 to 79 in the WHI-OS, higher protein intake was
associated with a reduced risk of frailty. Using a calibrated measure of protein intake
exposure resulted in stronger, and presumably unbiased, odds ratios compared to the
uncalibrated measure. Associations were independent of the source (animal versus
vegetable) and quality (as measured by essential amino acid intake) of protein intake. Frailty
is a prognostically important clinical outcome that has previously been associated with
future hip fracture, hospitalization, ADL disability, and mortality among women in the
WHI-OS3. Data from this report suggest higher protein intake may have a role in frailty
prevention. Our findings are consistent with data from the Health ABC cohort reporting
positive associations between protein intake and preservation of lean body mass5. In both
studies, the mean protein intake was 1.2 g/kg/day in the upper quintile of intake,
representing a 50% increase over the current RDA of 0.8 g/kg/day.

Intervention studies support protein supplementation as an approach to reduce losses in
muscle mass and improve health outcomes among undernourished elderly individuals. A
meta-analysis of 55 trials reported a 34% reduction in mortality (95% CI=10% to 51%) with
oral protein supplementation in hospitalized patients25; however, studies examining protein
supplementation among healthy elderly individuals have not consistently provided evidence
of benefit26. Since we expect the effects of increasing protein intake among healthy
individuals to be smaller, trials with large sample sizes and long follow-up periods would be
required to detect clinically important differences in health outcomes. Highly controlled
clinical trials typically study increases in protein intake using supplements for short (<1
year) periods of time on surrogate endpoints such as changes in lean body mass. Prospective
observational studies such as the Women’s Health Initiative can complement findings from
highly controlled clinical trials by summarizing relationships between higher protein intake
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in a typical diet and a myriad of health outcomes. In considering optimal, rather than
adequate, protein intake recommendations, it is important to consider long-term implications
for morbidity and mortality in addition to short-term changes in health indicators10 .
Epidemiologic studies have encountered two common barriers when studying protein intake.
First, protein intake doesn’t vary as widely within the population compared to fat and
carbohydrate intake and second, measurement error attenuates disease-diet associations7.
We had the opportunity to study protein intake on a sample that was large enough to provide
heterogeneity in protein intake and where we could correct for measurement error using a
novel approach that calibrates self-reported protein and energy intake using recovery
biomarkers. Accounting for measurement error in this study resulted in a two-fold increase
in the strength of the association. The first application of the biomarker-calibrated energy
and protein estimates to investigate associations with cancer within WHI reported weak
positive associations for grams of calibrated protein and inverse associations with calibrated
percentage of energy from protein with total cancer27. Though there was no association
between uncalibrated energy intake and frailty, calibrated energy was positively associated
with frailty in models that did not account for BMI and inversely associated with frailty in
models controlling for BMI (data not shown). Calibrated energy intake and BMI are highly
correlated, and there is a U-shaped curve in the association between BMI and frailty. We
compared models that included or excluded BMI from our models, and the direction and
magnitude of the association between calibrated protein intake and frailty was similar. These
data suggest the inverse association between calibrated energy and frailty occurs at a
specified BMI, whereas the inverse association between calibrated protein and frailty is
independent of BMI.

Findings from these two applications of the method suggest that biomarker-calibration
results in associations that are likely to be free of the distortion often observed with self-
reported measures of diet. And as such, calibrated-estimates provide an effect estimate that
may be closer to the true biological associations of protein with disease outcomes. Further,
the nutrient density estimates of protein intake (i.e. percentage of energy from protein) are
consistently more predictive of health outcomes than absolute estimates of protein intake
(grams). These findings support establishing intervention targets and recommended levels of
protein intake within the context of total kilocalorie intake and/or body size.

Previous studies have investigated potential mechanisms by which protein intake may
preserve lean body mass and reduce morbidity and mortality. Dietary protein is comprised
of amino acids, which stimulate muscle synthesis28. Data suggest that essential amino acids,
which can not be synthesized by humans, are primarily responsible for stimulation of muscle
synthesis29. Animal protein is typically rich in essential amino acids relative to vegetable
protein, and data from a cross-sectional study suggested diets rich in protein from animal
sources were associated with preservation of muscle mass30. Contrary to expectation,
protein quality, as measured by essential amino acid intake or source (animal versus
vegetable), did not influence the observed inverse association between protein and frailty
incidence in the WHI-OS data. However, we were only able to correct for measurement
error of total protein, so clinical studies, which can tightly monitor quality and type of
protein intake, may be better suited to estimate the effect of protein quality on preservation
of muscle mass and other health outcomes.

Strengths of this study include the large and diverse study cohort, the prospective design,
and the calibrated estimate of protein intake using appropriate consumption biomarkers.
Since we have insufficient data at the higher levels of protein intake recommended by some
researchers of 1.5 g/kg/day, we could not estimate whether beneficial associations between
protein intake and frailty continue beyond 1.2 g/kg/day. However, the consistency of the
association across the continuum of protein intake currently consumed in the United States
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suggests the optimal level of protein intake for healthy individuals is above current
recommendations.

A limitation of observational studies is that we can not be certain that the observed
association is free of residual confounding. We observed that higher protein intake was
positively associated with measures of socioeconomic status. While our reported
associations are robust to adjustment for socioeconomic status, data from long-term
intervention trials are needed to be certain that protein intake has causal effects rather than
serving as a marker of better overall quality of life or diet quality.

Since individuals with kidney disease and selected diagnoses were excluded from the
analysis, we cannot generalize recommendations beyond generally healthy individuals.
There is active debate within the scientific community about the effects of increased protein
intake on kidney function31 and bone health32which should be more rigorously evaluated in
epidemiological studies.

Available data from both this large prospective study of older women as well as the Health
ABC cohort5 suggest optimal protein intake may be above current recommended guidelines.
Increasing protein recommendations to 1.5 g/kg/day, or about 15-20% of total calorie intake,
has been recommended based on maximizing muscle protein synthesis28. Clinical trials
evaluating the risks and benefits of increased protein consumption among older adults at risk
for frailty with a range of kidney function is warranted. In the meantime, the emerging
evidence suggests that older adults with low protein intakes could be encouraged to increase
their protein intakes to recommended levels to reduce their risk of becoming frail.
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Figure 1.
Risk* of frailty compared to lowest quintile (Q) of protein intake (%kcal): uncalibrated
versus calibrated protein**.
*Adjusted for age, ethnicity, body mass index, income, education, having a current health
care provider, smoking, alcohol, general health status, history of comorbid conditions (hip
fracture, emphysema, treated diabetes, hypertension, arthritis, cancer), history of hormone
therapy use, number of falls, whether participant lives alone, disabled defined by at least 1
activity of daily living affected, depressive symptoms, log-transformed energy intake
(uncalibrated energy for uncalibrated protein models and calibrated energy for calibrated
protein models)
**Uncalibrated values represent food frequency questionnaire (FFQ) estimates and
calibrated values represent estimates derived from linear regression equations developed on
the basis of FFQ nutrient measures and participant characteristics.
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Table 2

Crude and adjusted odds ratios (95% Confidence Interval)* relating calibrated** protein intake by different
exposure metrics to risk of frailty

Not Frail
n=13,837

Intermediate
Frailty
n=7,282

Frail
n=3,298

Protein intake, %kcal/d, per 20% increase

Model 1 1.0 0.75 (0.64 to .0.83) 0.62 (0.47 to .0.73)

Model 22 1.0 0.76 (0.63 to 0.84) 0.68 (0.50 to 0.77)

Model 33 1.0 0.82 (0.70 to 0.90) 0.77 (0.58 to 0.87)

Protein intake, g/kg/d, per 20% increase

Model 1 1.0 0.74 (0.71 to 0.81) 0.55 (0.50 to 0.63)

Model 2 1.0 0.78 (0.73 to 0.83) 0.65 (0.58 to 0.72)

Model 3 1.0 0.78 (0.73 to 0.83) 0.65 (0.58 to 0.71)

Protein intake, g/d, per 20% increase

Model 1 1.0 0.88 (0.81 to 0.96) 0.82 (0.73 to 0.94)

Model 2 1.0 1.18 (1.04 to 1.59) 1.09 (0.92 to 1.49)

Model 3 1.0 1.16 (1.03 to 1.56) 1.07 (0.90 to 1.45)

Uncalibrated Protein (%kcal) * Calibrated Energy (kcal)/d , per 20% increase

Model 1 1.0 0.71 (0.57 to 0.79) 0.62 (0.47 to .0.73)

Model 2 1.0 0.76 (0.63 to 0.85) 0.68 (0.50 to 0.78)

Model 3 1.0 0.82 (0.70 to 0.90) 0.77 (0.58 to 0.87)

Model 1: Adjusted for age, ethnicity, and Body Mass Index (except for g/kg model)

Model 2: Adjusted for Model 1 variables + income, education, having a current health care provider, smoking, alcohol, general health status,
history of comorbid conditions (hip fracture, emphysema, treated diabetes, hypertension, arthritis, cancer ), history of hormone therapy use, number
of falls, whether participant lives alone, disabled defined by at least 1 activity of daily living affected, depressive symptoms , log-transformed
calibrated energy intake

Model 3: adjusted for variables in Model 2 + %kcal from dietary fat (continuous), supplement use(multi-vitamin and mineral, multi-vitamin, stress
vitamins, and single supplements(iron, B1,B2, B6,B12)

*
Odds ratios derived from multinomial logistic regression models

**
Calibrated values represent estimates derived from linear regression equations developed on the basis of FFQ nutrient measures and participant

characteristics.
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Table 3

Spearman correlations between uncalibrated and calibrated* measures

Uncalibrated
Protein, %kcal

Uncalibrated
Protein, g/kg

Uncalibrated
Protein, g

Uncalibrated
Energy, kcal

Calibrated
Protein, %kcal

0.92 0.43 0.41 −0.01

Calibrated
Protein, g/kg

0.21 0.74 0.43 0.38

Calibrated
Protein, g

0.38 0.52 0.77 0.65

Calibrated
Energy, kcal

0.10 0.05 0.39 0.38

*
Uncalibrated values represent food frequency questionnaire (FFQ) estimates and calibrated values represent estimates derived from linear

regression equations developed on the basis of FFQ nutrient measures and participant characteristics. All dietary intake variables were log
transformed. Bold indicates P<0.0001.
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Table 4

Odds ratios* (95% confidence interval) of association of total calibrated** protein intake (%kcal) with frailty
by tertile of animal protein

Tertile of Animal
Protein Intake,
(Median g/d)

Median (IQR†),
%kcal

Not Frail
n=13,837

Intermediate Frailty
n=7,282

Frail
n=3,298

Model 1

Low (25.2) 13.5 (12.8, 14.2) 1.0 0.77 (0.67 to 0.86) 0.67 (0.54 to 0.80)

Medium (41.5) 14.4 (13.7, 15.1) 1.0 0.69 (0.58 to 0.81) 0.53 (0.41 to 0.70)

High (63.0) 14.9 (14.2, 15.6) 1.0 0.66 (0.55 to 0.77) 0.49 (0.35 to 0.61)

Model 2

Low (25.2) 13.5 (12.8, 14.2) 1.0 0.71 (0.56 to 0.82) 0.63 (0.47 to 0.78)

Medium (41.5) 14.4 (13.7, 15.1) 1.0 0.58 (0.43 to 0.72) 0.53 (0.35 to 0.72)

High (63.0) 14.9 (14.2, 15.6) 1.0 0.62 (0.48 to 0.75) 0.54 (0.36 to 0.69)

Model 3

Low (25.2) 13.5 (12.8, 14.2) 1.0 0.79 (0.63 to 0.90) 0.73 (0.55 to 0.89)

Medium (41.5) 14.4 (13.7, 15.1) 1.0 0.64 (0.48 to 0.80) 0.70 (0.46 to 0.97)

High (63.0) 14.9 (14.2, 15.6) 1.0 0.73 (0.57 to 0.88) 0.72 (0.49 to 0.94)

Model 1: Adjusted for age, ethnicity, and Body Mass Index (except for g/kg model)

Model 2: Adjusted for Model 1 variables + income, education, having a current health care provider, smoking, alcohol, general health status,
history of comorbid conditions (hip fracture, emphysema, treated diabetes, hypertension, arthritis, cancer ), history of hormone therapy use, number
of falls, whether participant lives alone, disabled defined by at least 1 activity of daily living affected, depression , log-transformed calibrated
energy intake

Model 3: adjusted for variables in Model 2 + %kcal from dietary fat (continuous), supplement use(multi-vitamin and mineral, multi-vitamin, stress
vitamins, and single supplements(iron, B1,B2, B6,B12)

*
Odds ratios derived from multinomial logistic regression models

**
Calibrated protein represents estimates derived from linear regression equations developed on the basis of food frequency questionnaire nutrient

measures and participant characteristics.

†
IQR=inter-quartile range
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