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Abstract

Background—Maintenance of lean muscle mass and related strength is associated with lower
risk for numerous chronic diseases of aging in women.

Objective—To evaluate whether the association between dietary protein and lean mass differs by
physical activity level, amino acid composition, and body mass index categories.

Design—Cross-sectional analysis of a prospective cohort.

Participants/setting—Postmenopausal women from the Women’s Health Initiative with body
composition measurements by dual-energy X-ray absorptiometry (n=8,298).

Main outcome measures—Percent lean mass, percent fat mass and lean body mass index.

Statistical analyses performed—Linear regression models adjusted for scanner serial
number, age, calibrated energy intake, race/ethnicity, neighborhood socioeconomic status, and
recreational physical activity were used to determine the relationship between protein intake and
body composition measures. Likelihood ratio tests and stratified analysis were used to investigate
physical activity and body mass index as potential effect modifiers.

Results—Biomarker-calibrated protein intake was positively associated with percent lean mass;
women in the highest protein quintile had 6.3 percentage points higher lean mass than the lowest
quintile (P< 0.001). This difference rose to 8.5 percentage points for physically active women in
the highest protein quintile (Pinteraction = 0.023). Percent fat mass and lean body mass index were
both inversely related to protein intake (both £< 0.001). Physical activity further reduced percent
fat mass (Pnteraction = 0.022) and lean body mass indeX (Pinteraction = 0.011). Leucine intake was
associated with lean mass, as were branched chain amino acids combined (both £< 0.001), but not
independent of total protein. All associations were observed for normal-weight, overweight, and
obese women.

Conclusions—Protein consumption up to 2.02 g/kg body weight daily is positively associated
with lean mass in postmenopausal women. Importantly, those that also engage in physical activity
have the highest lean mass across body mass index categories.

Keywords
Dietary protein; leucine; physical activity; lean mass; fat mass

INTRODUCTION

Obesity and loss of lean mass, or sarcopenia, are thought to act jointly to increase risk for
all-cause mortality.! The loss of lean mass is hypothesized to contribute to the loss of insulin
sensitivity and disturbances in metabolism that are common in overweight and obese
individuals.? Several studies suggest that protein intake is an independent dietary factor
important for maintenance of lean mass and its function in glucose homeostasis, energy
expenditure, and fat oxidation.®4 High protein intake during weight loss has been shown to
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preserve lean mass and its function.>6 In a recent overfeeding trial, individuals randomized
to high protein diets containing 15 or 25% of total calories from protein experienced weight
gain due to both increases in lean and fat mass, whereas those randomized to low protein
(5%) diets gained fat mass but lost lean mass with attenuated total weight gain.” More recent
work on the effect of individual dietary and supplemental amino acids suggests an important
role for specific amino acids on body composition. The branched-chain amino acid (BCAA)
leucine has been shown to stimulate muscle protein synthesis, improve insulin sensitivity,
and may prevent dietand age-related adiposity.%-19 Collectively, these findings support a
beneficial role for total protein and specific amino acids on lean mass across a spectrum of
behaviors including overeating and inactivity. Given the potential benefits of dietary protein,
current recommendations for daily protein intake in older adults (0.8 g protein/kg body
weight) have recently been questioned as insufficient for optimal lean mass health,1! and the
European Society for Clinical Nutrition and Metabolism has recommended at least 1.0-1.2 g
protein/kg body weight daily for healthy, older individuals.12

Despite evidence favoring the metabolic benefits of maintaining a high lean mass, and
potential benefits of high-protein diets, the relationship between lean mass and metabolic
health is less clear for overweight/obese women. The Monet Study of postmenopausal
women supports an adverse relationship between lean mass and metabolic parameters in
obese, sedentary older women. These investigators showed that the presence of a high lean
body mass index (LBMI) [lean body mass (kg)/height (m?)] in sedentary postmenopausal
women was independently associated with reduced insulin sensitivity, poor glucose disposal,
and higher levels of circulating pro-inflammatory C-reactive protein.13 These observations
suggest caution in recommending higher protein intakes in the absence of other behavioral
modifications.

Physical activity is a well-established, independent determinant of both muscle mass and
insulin sensitivity, though the intensity, frequency, and duration required for individual
benefit remain unclear.24 Further, there is a lack of epidemiological evidence on the impact
of physical activity as a modifier of body composition in response to different levels of
dietary protein intake, despite evidence that protein demands increase with physical
activity.

To the knowledge of the authors, no studies have evaluated the relationship between dietary
protein on muscle and fat mass by physical activity levels or considered the potential impact
of body mass index (BMI) on these associations. Associations between total dietary protein
(or amino acids, specifically leucine) and lean mass, fat mass, or LBMI were tested, and
potential interactions with physical activity were investigated in 8,298 postmenopausal
women who participated in the Women’s Health Initiative (WHI) and for whom body
composition was assessed by dual-energy X-ray absorptiometry (DXA). Secondarily, these
associations were then assessed for differences by BMI category.
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PARTICIPANTS AND METHODS

Participants

The WHI included three clinical trials (CT) and an Observational Study (OS) comprising
161,808 postmenopausal women, ages 50-79 years, that launched in 1991 and completed
enrollment in 1998.1% Human subjects review committees at 40 participating institutions
across the U.S. reviewed and approved each study, and individual participants provided
written informed consent. Of 11,020 women who participated in the DXA cohort (conducted
at the Arizona, Pittsburgh, and Alabama sites), 10,635 had baseline body composition
measures available. Of these, 403 women were excluded from the analysis due to
implausible reported energy intake (< 600 or > 5,000 kcal/d), an additional 816 women were
excluded for missing data needed to calculate calibrated protein,16 and an additional 1,118
women were excluded for missing data on physical activity. The final study population
comprised 8,298 postmenopausal women.

Body size measurements

Height and weight were measured using standardized protocols by trained study personnel
in study clinics, BMI was calculated as mass (kg)/height (m?), and LBMI was calculated as
lean body mass (kg)/height (m2). Body composition was assessed using whole-body DXA
scans, which included measurements of lean (soft tissue) mass and fat mass. All DXA scans
were operated by a trained technician certified by the manufacturer. Percent lean mass and
percent fat mass were calculated and served as the primary outcome measures throughout
the analysis. Detailed methods and quality control are described elsewhere.1’

Dietary assessment

Total energy and protein intake at baseline (total as well as animal and plant-based protein)
were calculated from the self-administered, 122-item WHI Food Frequency Questionnaire
(FFQ).18 Intakes of individual amino acids were computed using estimates derived from the
Nutrition Data System for Research nutrient database developed by the Nutrition
Coordinating Center (NCC), University of Minnesota, Minneapolis, MN.1° Protein intake
was evaluated using g protein/kg body weight to be consistent with the current
recommended daily allowance (RDA).20 Calibrated energy and calibrated protein intake
were calculated according to the WHI Nutritional Biomarkers Study.1® Briefly, the Dietary
Modification trial (n = 544) used a doubly labeled water protocol to estimate total energy
expenditure and a urinary nitrogen protocol to estimate protein consumption. These results
showed that FFQ estimates for total energy were considerably underestimated, and protein
was modestly underestimated. The calibrated protein and energy equations correct for these
estimations and are therefore considered more accurate. The regression model for calibrated
energy equation includes age, BMI, race/ethnicity, income, and physical activity. The
calibration equation for protein includes age, BMI, race/ethnicity, income, and education.

Physical activity and other participant characteristics

Recreational physical activity was measured using a validated questionnaire developed for
the WHI that determines frequency and duration of several types of activities. In this study,
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total activity measured is reported as the ratio of work metabolic rate to resting metabolic
rate according to the 2011 Ainsworth compendium (MET-hr/wk).2! The minimum American
Heart Association recommendation is 7.5 MET-hr/wk, which equates to 150 minutes of
moderate117 intensity aerobic physical activity weekly, or 75 minutes of vigorous-intensity
aerobic physical activity, or a combination of the two.22:23 Women were stratified by those
that achieved the minimum recommendation, and those that did not. Study participants
provided general information on demographics and health using study-specific
questionnaires completed during the baseline clinic visit. Questionnaires were reviewed by
clinic staff for completeness prior to entry into the database. Neighborhood socioeconomic
status (NSES) was derived through linkage of individual participant addresses to Federal
Information Processing Standards codes from the 2000 U.S. census and tract-level
socioeconomic data, with summary measures calculated according to previously described
algorithms.2

Statistical analysis

Baseline characteristics of study participants were compared across quintiles of calibrated
protein intake [quintiles presented as mean (range), quintile 1: 0.79 (0.54-0.89); quintile 2:
0.94 (0.89-0.99); quintile 3: 1.04 (0.99-1.09); quintile 4; 1.15 (1.09-1.22); quintile 5: 1.35
(1.22-2.02)]. Continuous variables are summarized as mean + standard deviation. Mean
differences are expressed as mean (95% confidence interval (CI)). Protein intake was
divided into quintiles in order to avoid assumptions about linearity and to allow visualization
of any threshold effects such as U or J-shaped curves. Significant differences across quintiles
of protein intake for baseline characteristics were calculated using ANOVA for continuous
variables and chi-squared tests for categorical variables. Correlations were measured using
Pearson’s correlation coefficients (rho). Associations between protein intake and body
composition measures were calculated using linear regression models, adjusted for scanner
serial number and variables recognized in the literature to be associated with body
composition: age (continuous) and calibrated energy intake (continuous; log-transformed) in
the partially adjusted model, and additionally for race/ethnicity [non-Hispanic white, black,
Hispanic, other], NSES (continuous), and recreational physical activity (quintiles; MET-
hr/wk) in the fully adjusted model. Potential confounders for adjustment in the models were
chosen from previously published literature,2526 and no assessment was made for
confounding. Beta-coefficients are interpreted in the same units as the variable described.
For these models, beta-coefficients are percentage points for percent lean mass and percent
fat mass and are kg/m? for LBMI. Additional adjustment for alcohol intake, smoking,
multivitamin use, oral contraception use, unopposed estrogen use, estrogen + progestin use,
history of cancer, history of cardiovascular disease, and history of diabetes did not
substantially change the estimates (data not shown). Trends were tested by modeling protein
quintiles as an ordinal variable and are reported in each table. In the manuscript text,
reported P-values supporting the difference between the fifth and first quintiles of protein
intake are calculated from tests assessing the difference in quintile means, not from the tests
for trend in each table. Normality was assessed visually using histograms. Physical activity
and BMI were investigated as potential effect modifiers of the relationship between protein
and body composition using likelihood ratio tests for multiplicative interactions and
stratified analysis. BMI was categorized according to standard World Health Organization
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cut points: normal (18.5-24.9), overweight (25-29.9), and obese (= 30). Underweight
women (BMI < 18.5; n = 74) were excluded in BMI-stratified analyses due to small sample
size. All statistical analyses were conducted using Stata 14.0 (StataCorp, College Station,
TX).27 All statistical tests were two-sided with alpha set to 0.05.

Descriptive analysis of participant characteristics

Association

Participant characteristics were compared across quintiles of total calibrated protein intake
(9/kg body weight) (Table 1). Black and Native American women were more likely to report
lower protein intake than non-Hispanic white and Hispanic women. In general, women that
reported higher protein intake also reported higher NSES, physical activity, and alcohol
intake, and had a lower BMI, percent fat mass, and slightly lower LBMI, than those that
reported lower protein intake. There was a slight inverse relationship between total
calibrated energy intake and protein intake (rho = —0.21). Smoking status was not related to
protein intake.

between protein intake and lean mass, fat mass, and lean body mass index

Percent fat and percent lean mass were negatively correlated (rho < —0.99). LBMI was only
modestly correlated with percent lean (rho = —0.24) and percent fat (rho = 0.26) mass.
Weight was positively correlated with percent lean (rho = 0.71) and negatively correlated
with percent fat (rho = —0.70) mass. In both partially and fully adjusted models, protein
intake was strongly associated with percent lean mass (positive) and percent fat mass
(negative) in a dose178 response manner (Table 2). In the fully adjusted model, women in
quintile 5 of protein intake had a mean 6.3 [95% CI 5.9 to 6.7] percentage points higher lean
mass than women in the lowest quintile (P< 0.001). Even incrementally higher levels in
reported protein intake (e.g. quintile 2 versus 1; a mean difference of 0.15 g/kg body weight
of protein) were associated with higher mean lean mass [1.1 (95% CI 0.8 to 1.5) percentage
points higher; £< 0.001]. Likewise, protein intake was strongly associated with lower
percent fat mass (quintiles 2— 5 versus 1, all £< 0.001). Individuals in quintile 5 of protein
intake had a mean 6.6 (95% CI —7.1 to —6.2) percentage points lower fat mass than
individuals in quintile 1. The same dose-dependent responses were observed for black and
non-Hispanic white women separately (data not shown; all £<0.001). Stratification by BMI
showed a similar dose-dependent relationship across all groups, with individuals in quintile
5 of protein intake having a mean 4.4 (95% CI 3.3 t0 5.5), 2.9 (95% CI 2.2 to 3.6), and 3.6
(95% ClI 2.4 to 4.8) percentage points higher lean mass than the reference group in normal-
weight, overweight, and obese women, respectively. The likelihood ratio test for interaction
between protein intake and BMI was significant for percent lean mass (£ = 0.001) and
percent fat mass (P = 0.001) but not LBMI (£ =0.081).

Physical activity modifies the association between protein and lean/fat mass overall and
across BMI categories

Tests for two-way interactions revealed that physical activity modifies the association
between protein and percent lean mass (£ = 0.023), percent fat mass (P = 0.022), and LBMI
(P=0.011). For example, women in quintile 5 for protein intake and = 7.5 MET-hr/wk had a
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mean of 8.5 (95% CI 8.0 to 9.0) percentage points higher lean mass than women in quintile
1 for protein intake with < 7.5 MET-hr/wk (Table 3). Among women that did not reach the
physical activity recommendation, however, women in quintile 5 for protein intake had only
a mean of 5.9 (95% CI 5.4 to 6.5) percentage points higher lean mass than the reference.
Further stratification by non-Hispanic white and black women showed the same patterns
across all comparisons (data not shown). When the full cohort was stratified by BMI,
physically active women in quintile 5 of protein intake had higher lean mass across all BMI
categories compared to both quintile 1 of protein of active women and to less-active women
across all protein quintiles. In models stratified by physical activity group (data not shown),
significant trends were found across protein quintiles for all women and within each BMI
category (all Pyeng < 0.05). The highest mean percent lean mass was observed among
normal-weight, physically active women with high protein intake (60.1%) compared to
54.7% and 53.7% for active overweight and obese women, respectively (Supplemental Table
1). Notably, active obese women that consumed at or above quintile 3 of protein had a mean
lean mass (51.6%) comparable to that of active overweight women in quintile 1 of protein
intake (51.5%). The reverse pattern was observed for percent fat mass. For example, active,
normal-weight women in protein quintile 1 had the lowest mean fat mass (36.6%) compared
to 42.3% and 43.4% for active overweight and obese women, respectively, whereas inactive
normal-weight, overweight, and obese women in protein quintile 1 had means of 42.3%,
46.8%, and 49.4% fat mass respectively. The same pattern was not observed with LBMI.
The likelihood ratio test for the 3-way interaction between BMI, physical activity, and
protein was not significant for percent lean mass (P = 0.87), percent fat mass (£ = 0.86) or
LBMI (P = 0.45). However, there were statistically significant two-way interactions between
protein and BMI for percent lean mass (P= 0.001) and percent fat mass (= 0.001), though
not for LBMI (P=0.13).

To assess the effect of habitual physical activity and protein intake on percent lean mass and
percent fat mass, participants were further categorized by physical activity quintiles. Women
in quintile 5 of both protein intake and physical activity had the highest adjusted mean lean
mass (60.2%), whereas women in quintile 1 of both protein and physical activity had the
lowest mean lean mass (49.6%) (Figure 1A). Overall, the association supports a dose-
response relationship of protein intake plus physical activity on percent lean mass. The
results do not differ by BMI category (data not shown). Results for percent fat mass (Figure
1B) were inverse, with higher protein intake and higher activity associated with lower
percent fat mass. Higher protein intake was also associated with lower LBMI; however, the
effect of physical activity on LBMI was modest with higher levels of physical activity
resulting in a slightly lower LBMI only among those in quintile 1 of protein intake, and no
obvious effect in other quintiles (Figure 1C). In these analyses the likelihood ratio test
showed a significant interaction between protein and physical activity on percent lean mass
(P<0.001), percent fat mass (P < 0.001), and LBMI (P=0.012).

between branched chain amino acids and percent lean or fat mass

When compared to the lowest quintile of leucine intake, those in quintile 5 had a mean 12.6
(95% CI 11.9 to 13.2) percentage points greater lean mass (P < 0.001; Table 4). Total BCAA
showed a similar relationship. When total amino acid intake minus leucine (or minus
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BCAA), as well as other amino acid combinations, were explored for evidence of
independent effects of specific amino acids, there were no differences in the observed
associations (data not shown). Like total protein, high leucine intake was associated with
less fat mass and lower LBMI, although the relationship with LBMI was weaker. The high
correlation (rho = 0.99) between leucine and (uncalibrated) total protein, however, limits
testing of any independent effects of leucine.

DISCUSSION

These results support a strong positive relationship between protein consumption and
percent lean mass in postmenopausal women, and that physical activity modifies this
relationship across BMI categories. For women with the highest intake of protein, percent
lean mass was higher than all other quintiles; women in the fifth quintile of protein intake
had a mean 6.5 (95% CI 6.1 to 6.9) percentage points higher lean mass than the lowest
quintile (Table 2). For women with the highest intake of protein and who also reported the
highest level of physical activity, percent lean mass was higher than all other quintiles; this
top group had a mean 8.5 (95% CI 8.0 to 9.0) percentage points higher lean mass, and —8.9
(95% CI1 -9.4 to —8.4) percentage points lower fat mass, than inactive women in the lowest
protein quintile (Table 3). According to a table developed by classic body composition
scientists Jackson and Pollock,28 for women over age 56 years, a body fat percentage of 26—
31% is considered to be within an ideal range, 32—-37% is considered overweight, and 38%
or above is considered obese. The difference between each of these categories is about 6
percentage points; this is less than the mean 8.9 percentage-point difference in percent fat
observed in the current study between the highest and lowest categories of combined protein
and physical activity (Table 3), as well as less than the mean 6.9 percentage-point difference
observed with the highest and lowest categories of protein intake alone (Table 2). The
combined benefit of high dietary protein and physical activity on higher percent lean mass
and lower fat mass was present for women across all BMI groups. These observed
differences could have important clinical implications, particularly for patients that have
trouble reducing total caloric intake. In this study, however, less than 5% of women were in
the 26—-31% body fat range, regardless of protein intake or physical activity level.

While supplementation with leucine and BCAA has been shown to improve muscle mass,
prevent loss, and enhance function, particularly in older individuals,®2° the highly correlated
nature of individual amino acids with total protein in this study limits the interpretation of
the association between BCAA or leucine and percent lean mass.

In multiple cohorts, high lean mass has protective health outcomes. Allison et al. showed
that in two large epidemiological studies, fat loss, but not total weight loss (indicating a
relative increase in lean mass) was associated with reduced overall mortality.3% Others
showed that proportionally higher lean mass had lower overall mortality among patients with
diastolic heart failure, independent of fat mass.3! A large body of epidemiological evidence
suggests that a higher BMI later in life is protective against overall mortality; however, these
studies have not examined the effect of percent lean or fat mass.32 Within the DXA cohort of
the WHI, Bea et al. showed that quintile 5 of percent lean mass was associated with higher
overall mortality than quintile 1 among older women (ages 7079 years); however, in
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younger women (ages 50-59 years), this association was reversed. Younger women in
quintile 5 of percent lean body mass had 59% reduced mortality compared to quintile 1.33 It
is possible that “ideal” percent lean mass ranges could be age- and outcome-specific;
therefore, it is difficult to interpret the clinical significance of the differences in lean mass
observed in the current study.

Findings from the Monet study suggest that the benefit of lean mass may differ by fat mass
distribution. Specifically, sedentary postmenopausal women with high LBMI and high
visceral fat had worse insulin sensitivity compared to individuals with low LBMI.13
However, sedentary women with high LBMI and low visceral fat had comparatively greater
insulin sensitivity. Consistent with an overall benefit for metabolism, an inverse relationship
between both percent fat mass and LBMI with higher protein intake was observed. BMI and
LBMI are strongly positively correlated (rho = 0.76); therefore it is possible that a lower
LBMI may simply reflect the lower absolute levels of lean mass that occur with lower body
weight. Importantly, the relative lean mass (percent lean mass) was still greater with higher
protein. As cited above, higher relative lean mass may be more clinically important than
absolute lean mass gains or losses. Also notable is that the effect of protein on LBMI was
consistent across BMI categories, indicating that the effect of protein on LBMI is not
dependent on BMI despite their correlation. For sedentary women (<7.5 MET-hr/wk), LBMI
was lower for all women in quintile 5 of protein intake, regardless of BMI category.
Interestingly, Figure 1 suggests a non-linear relationship between physical activity and
protein intake for LBMI in obese women. This relationship may reflect potential beneficial
effects of protein and physical activity on LBMI that, in the absence of information on fat
distribution (i.e., visceral fat), limits any interpretation supporting a positive metabolic
benefit with higher LBMI in these women.

While largely beneficial, the impact of high dietary protein on health outcomes has been
inconsistent. Within WHI and other large cohorts, higher calibrated protein intake (>1.2 g/kg
daily compared to <1.2g/kg daily) has been associated with improved physical function,?®
fewer health problems,34 and lower risk of frailty,3® sarcopenia,2® and stroke.3¢ Conversely,
higher dietary protein has been related to greater risk for ischemic heart disease in several
European cohorts,37-39 although not in the Nurses’ Health Study.0 In the WHI4! and the
European Prospective Investigation into Cancer and Nutrition (EPIC) cohort*2 higher dietary
protein was related to an increased risk of developing diabetes. None of these analyses,
however, evaluated the modifying effects of physical activity on the outcome assessed.

Physical activity has been shown to increase lean body mass in older individuals*3 and is
consistently associated with decreased risk of multiple chronic diseases,** including diabetes
and postmenopausal breast cancer,*>46 independent of weight loss.#”+48 In the current study,
physical activity strongly modified the relationship between protein intake and percent lean
mass (Pinteraction < 0.001). In this study, physical activity levels ranged from 0-134 MET-
hr/wk. Notably, physically active obese women had percent lean mass levels comparable to
inactive overweight women at each quintile of protein intake.

The RDA for protein is 0.8 g/kg body weight.20 In the current study, protein intakes ranged
from 0.54-2.02 g/kg body weight. Women in quintile 5 of protein intake consumed 1.22—
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2.02 g/kg body weight (/.e., greater than the RDA) and had an average 59.0 £ 6.7% lean
mass [37.8 + 6.9% fat mass]. Percent lean mass was higher than the other quintiles (Pirend <
0.001). Strategies to preserve lean mass in postmenopausal women are important, since they
annually lose 0.6% lean mass on average.*® This estimated loss equates to a mean 0.24 kg
lean mass for the cohort in this study. In this analysis, even a small increase in reported
protein intake (e.g. 0.15 g/kg body weight for quintile 2 versus 1) was associated with a
mean lean mass difference equivalent to 0.89 kg, which more than makes up for projected
yearly losses. While higher percent lean mass is reported to have health benefits, the optimal
level of percent lean mass for postmenopausal women is not known. Similarly, there are no
updated accepted recommendations for percent fat mass for postmenopausal women since
Jackson and Pollock,28 other than what has been calculated from BMI.50

Protein and animal sources may also differentially affect lean mass as well as other
components of muscle. In this study, the mean ratio of animal to plant protein (uncalibrated)
was 2.5 across quintiles 1-4, and slightly higher in quintile 5 [2.6 (£ 1.2)]. Because the
relative proportions of plant and animal protein remained fairly consistent across quintiles, it
is unlikely that the observed associations are strongly influenced by protein source.
Recently, two large clinical trials published results describing the effect of protein source on
lean mass. In a cross-sectional analysis of the Framingham cohort, lean mass in older
women was positively associated with intake of total and animal protein, but not plant-based
protein. Conversely, quadriceps strength was associated with plant protein, but not total or
animal protein, suggesting that plant-based protein plays a role in muscle quality beyond
lean mass.>! In a prospective study in Finland, both total protein and animal protein, but not
plant protein, were positively related to total lean mass at baseline and to lean mass changes
after 3 years’ follow up. Plant protein alone, however, was positively associated with
appendicular lean mass preservation.>2 While beyond the scope of this manuscript, future
studies should investigate whether physical activity modifies the association between animal
or plant-based protein on lean mass.

To the best of the knowledge of the authors, this is the first report to directly evaluate
whether physical activity modified the association between protein and lean mass. Strengths
of this study are the robust dataset, large sample size, calibrated protein and energy intake
measures, and DXA-measured body composition. The use of calibrated protein intake
corrects for error in self-reporting of protein intake. DXA has been used in multiple clinical
trials with postmenopausal women, although it may underestimate fat mass in leaner
individuals.53:54 A limitation for this study is that the uppermost intake level did not afford
an opportunity to determine if there is a “ceiling” effect in relation to protein intake and lean
mass gains in postmenopausal women. This is interesting given that women in quintile 5 of
protein intake in this study were consuming more than twice the current RDA of 0.8 ¢
protein/kg body weight. Other limitations include self-report of diet data and computed
amino acid data. Lifetime physical activity behavior may also influence these associations;
in this study, the exposure was limited to self-reported activity at the time of study entry.
While stratification by race/ethnicity suggests that the effect of protein and physical activity
on lean mass and fat mass among black women follows a similar pattern to that in non-
Hispanic white women, the presented results are generalizable only to postmenopausal non-
Hispanic white women. Additionally, while there is a range of leucine content in dietary
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protein sources, particularly when comparing vegetable- and animal-based proteins (in terms
of both total leucine/total protein and leucine per serving),®® it was not possible to test
independent relationships between amino acids on the outcomes assessed in this study.
Controlled feeding studies with a high proportion of dietary leucine and/or BCAA, or direct
measurement of blood levels of dietary amino acids, are warranted to test these relationships.

CONCLUSIONS

While it is known that protein supplementation increases muscle mass in the presence of
exercise (particularly resistance training) or physical activity, this is the first study to
demonstrate a cross-sectional association between habitual activity levels on lean mass in
postmenopausal women within a range of usual dietary protein intakes. Protein's positive
association with lean mass, as well as the additive effect of physical activity, was observed
regardless of BMI category. These results suggest that dietary protein's association with lean
body mass is maximized when combined with physical activity at or above the minimum
American Heart Association recommendations. Future research should consider physical
activity level as a modifier when relating dietary protein intake to body composition and
health outcomes.
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Refer to Web version on PubMed Central for supplementary material.
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1 2 3 4 5 07}.
Physical activity quintile

Physical activity quintile

Figure 1. Adjusted mean values of (A) percent lean mass, (B) percent fat mass, and (C) lean body
mass index (LBMI) across quintiles of calibrated protein intake and physical activity

Multivariate linear regression models are adjusted for age, calibrated energy intake
(continuous; log-transformed kcal), race/ethnicity (non-Hispanic white, black, Hispanic,
other), neighborhood socioeconomic status (continuous), and scanner serial number.
Likelihood ratio tests for interaction between protein and physical activity on percent lean
mass (P< 0.001), percent fat mass (£ < 0.001), and LBMI (P=0.012). Note that (B) and (C)
have a reversed protein axis for improved visualization.
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