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Introduction

Research to identify modifiable determinants of age-related
changes in body composition has become a major priority in
the field of gerontology (1). Age-related changes in body
composition, systematic losses of muscle mass with age
(known ag sarcopenia) and increases in body fat through age
Seventy, are linked with increased risk of morbidity, functional
impairment, and mortality (2, 3).

Potential risk factors for age-related changes in body
composition are thought to include catabolic stimuli, such as
subclinical inflammation, as well as the withdrawal of anabolic
stimuli, decreases with age in physical aclivity, protein intake,
central nervous systemn input, sex hormones, growth hormone,
and insulin action (4). While physical activity and protein
intake both stand out as possible targets for lifestyle
intervention, the research to date has focused primarily on
physical activity, Resistance training has repeatedly been
shown to promote muscle maintenance or gain (5-7). Age-
related increases ip body fat have been attributed to declines in
physical activity (8).

Although dietary intake is recognized as a potentiaily
important risk factor for age-related changes in body
composition (9), clear and consistent associations between diet
and age-related change in each compartment have not been
Observed, Despite experimental evidence in support of a direct
reiationship between protein and/or energy intakes and change

in muscle among older adults (10-15), many observational
studies of diet and sarcopenia report nuil effects (16-20). Since
gain of body fat occurs while food intake is decreasing,
declines in physical activity are thought to play more of a role
than diet (8).

Diet may emerge as a clear determinant of age-related
changes in body composition if well-known, short-term (<ly)
relationships between diet and acute changes in body
composition hold true over the long-term. Experimental and
observational results unequivecally link profiles of protein and
energy intake with short-term patterns of change in body
composition. Results from underfeeding experiments inform us
that diets inadequate in both protein and energy lead to loss of
both lean and fat mass (e.g. 21-22). Resuits from refeeding and
overfeeding studies demonstrate that diets providing protein
and energy intake in excess of requirements lead to gain in both
<compartments (e.g. 23). Data on protein-sparing modified fasts
indicate that diets tow in energy but adequate in protein result
in loss of body fat with maintenance or gain of iean mass (e.g.
24, 25). Observational research on protein-energy malnutrition
(PEM) indicates that a spectrum of diets low in protein, but
ranging in energy content, underlie a spectrum of PEM
syndromes from nutritional marasmus (loss of both lean and fat
mass) to kwashiorkor (loss of lean mass, despite maintenance
of body fat) (26), The effect of low protein intake on muscle
wasting is also well known to depend on the level of energy
intake (26-28). The parallels between PEM-related change in
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body composition and age-related changes in body
composition, although previously described in the literature
(29, 30}, have yet to be explored. If age-related changes in body
composition reflect profiles of protein and energy intake, then
we might also expect the effects of protein and energy intake to
interact,

Despite the accumulated evidence that profiles of protein
and energy intake determine patterns of change in both lean and
fat compartments over the short-term, and awareness of the
interdependence of protein and energy metabolism, research on
age-related changes in body composition has focused on one
body compartment at a time and/or the effects of single
nutrients at a time. This focus has limited previous
observational studies to analyses that could not address
potential endogeneity between diet and body composition , nor
appropriately account for the interrelationships between protein
and energy intake and metabolism. These limitations may have
obscured dietary effects. Studies that address these limitations
may help resolve inconsistencies between the clinical and
observational research on the role of diet in age-related change
in body composition.

This study tested for long-term counterparts to the weli-
established short-term relationships between protein and energy
intake and changes in body composition. Using models that
take into account the endogeneity of diet and body composition
as well as interrelationships between protein and energy, we
estimated the effects of protein and energy intake on continuous
changes in arm muscle and body fat over a 4-year period,
simulated the changes in both outcomes associated with
particular diet profiles, and tested for interactive effects of
protein and energy.,

Methods

Data

Longitudinal data on 603 healthy adult Chinese, aged 50-69
Y, participating in both the 1993 and 1997 China Health and
Nutrition Surveys (CHNS), were used for this analysis. This
work extends previous descriptive analyses on the same sample
of older adults (31).

The CHNS provide unique, detailed data on longitudinal
changes in body composition, dietary intake, physical activity,
as well as sociodemographic variables. Due to the extremely
rapid economic, demographic, and epidemiologic transitions
ongoing in China (32-35), these data capture unuosually large
variation in the lifestyle and anthropometry of free-living
individuals. The sampling frame and survey methodology have
been described in detail previously (36). The China Health and
Nutrition Survey foilows human subjects approval procedures
that have been approved both by the University of North
Carolina School of Public Health and Chinese Academy of
Preventive Medicine human subjects protection committees,

To define a sample of healthy older adults, the three
inclusion criteria were: 1) Answering ‘no’ to the question ‘over

the past three months have you had any difficulty in carrying
out your daily activities and work due to illness?" in both 1993
and 1997 surveys; 2) A weight change of less than 20% from
baseline between survey years; and 3) reported energy intake at
baseline above 125-138 kJ/kg or 33 kecal/kg body weight,
Subjects who experienced a weight change of greater than 20%
from baseline or reported an energy intake below the level
required for short-term weight maintenance (37, 38) were
excluded to avoid confusing acute or illness-related changes in
body composition with age-related changes.

A further inclusion criterion limited the sample to subjects
who might be relatively homogeneous with respect to
measurement error in the anthropometric measures. Given that
the reliability of triceps skinfold measurements may vary
greatly between obese and non-obese adults (39, 40), subjects
who were obese in ecither survey year according to the WHO
cutoff (BMIS$30) (41) were excluded from the sample.

Of the original 2164 persons, aged 50-69 ¥, who were
interviewed in 1993 and living in provinces that were
resurveyed in 1997, 583 were missing both health status and
anthropometric information, 116 reported poor health in the
three months preceding the survey, and 1465 subjects reported
no health-related difficulties. Of these 1465 subjects, 1410 had
non-missing anthropometric data and were non-obese. Subjects
with missing dietary intake information (n=10) or who reported
baseline energy intakes below 125-138ki/kg or 33 kcal/kg body
weight (n=216) were next excluded from the sample.

Between 1993 and 1997, 261 subjects (22% of the sample)
were lost to follow-up. Of the remaining 923, 858 reported no
health-related difficulties prior to the survey in 1997. Follow-up
anthropometric measures were available for 653 of these 858,
Further exclusion of subjects who experienced a weight change
of more than 20% from baseline (n=40) or had a BMI greater
than 30 in 1997 reduced the sample size to 608.

The sample inclusion criterion that subjects be healthy in
both 1993 and 1997, prevented a standard evaluation for
selection bias from loss-to-follow-up. Although we know that
the subjects lost-to-follow-up were significantly older, richer,
and had larger waist circumferences at baseline than those not
lost-to-follow-up, we know nothing about their health status in
1997. If the missing subjects were unhealthy in 1997, they
would have been excluded from the sample, and would not
constitute a source of selection bias, If the missing subjects
were healthy in 1997, their missin'g-nes‘f might bias the results
towards smaller losses of arm muscle and waist circurnference.
Previous analyses with this same sample indicate that the older
groups at baseline experienced greater loss of arm muscle over
the study period, while those with a greater waist circumference
at baseline experienced greater loss of body fat (31). Given that
older age and ill health are often associated with non-
participation in surveys, the former scenario is not implausible.
An actual Heckman test for selection bias (42) was not
possible, however, since this test would have required complete
information about the target sample, in this case, information
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on the health status of all subjects in both 1993 and 1997.

Anthropometric measurements were taken by trained health
workers in both 1993 and 1997. Approximately 55% of the
interviewers were the same for 1993 and 1997. Testing for
inter-observer reliability was undertaken. Body weight was
measured to the nearest tenth of a kilogram with a beam
balance scale. Height was measured without shoes to the
nearest tenth of a centimeter using a portable stadiometer.
Triceps skinfoid thickness was measured to the nearest
millimeter using Halpenden calipers. Mid-upper arm
circumference (MAC) was measured to the nearest tenth of a
centimeter using graduated tape. Specific training on
anthropometric measurement techniques was provided at the
beginning of each survey over a 2-week period that included
interobserver reliability training and testing and followed
NCHS rraining and coliection protocol. The health workers also
asked all subjects if they were current or past smokers. As
indicated above, subjects with missing anthropometric data for
either survey year were excluded from the sample.

Specially trained interviewers obtained detailed individual-
level diet data via 24-hour recall for three consecutive days as
well as household-level changes in food inventory over the
same 3-day period. The dietary information was recorded in
terms of raw ingredients/foods, At the time of the last (3rd) diet
recall, the food inventory information was used to cross-check
the diet recall data. Later, using an algorithm developed by Guo
et al (43), we also used household-level information on the
disappearance of cooking oil to estimate each individual’s
intake of cooking oil. In China, where a small amount of oil is
commonly used to cook for all members of the household
simultaneously, it is difficult for each subject to accurately
report his/her own oil intake. We included individual intake of
cooking oil in each subject’s estimated total energy intake.

The 1991 Food Composition Table for China (44) was used
to calculate 3-day mean daily protein and energy intakes from
the raw food consumption data for each individual, According
to Willett (45), 3-day mean energy and protein intakes
adequately represent usual intakes for these nutrients. Although
the energy intakes observed in the CHNS studies have not been
validated using a gold standard technique, they have been
shown to predict BMI in CHNS adults (34, 36). A validation
study of CHNS dietary intake is currently underway. As
indicated above, subjects with missing dietary data at baseline
(n=10) were excluded from the sample.

Although absolute intakes are described in Tables I and 3,
protein and energy intakes were expressed in relative units to
heip control for differences in individual dietary requirements,
With energy intake expressed as a percent of the Chinese age-
sex-and activity specific Recommended Daily Allowance
(RDA) in sex-specific models that include proxies for dietary
requirements (age, height, weight, smoking, and activity level),
the present analysis evaluates the effects of the adequacy of
energy intake. Protein intake expressed as a percent of energy
effectively reduces variation in absolute protein intake due to

differences in body size, activity level, and metabolic efficiency
{45).

Protein intakes were expressed relative to total energy intake
instead of relative to body weight or the protein RDA for
several additional reasons. Aside from the fact that the protein
RDA for older adults remains a source of controversy (46), in
observational studies, neither protein relative to body weight
nor protein relative to the RDA reflects the metabolic
interrelationships between protein and energy for each
individual, In clinical studies where protein intakes (g/kg or
%RDAY} are assigned to each individual with an explicitly
defined level of energy intake (and confounding by energy
intake controlled by randomization or matching), the metabolic
profile of each subject can be gauged. In observational studies,
however, where the protein-energy combination is not defined a
priori by the researcher, and protein intakes (g/kg or %RDA)
can occur with a range of different energy intakes, the
metabolic response to a given protein intake is unknown.

A further limitation of protein intake expressed in g/kg or %
of RDA units is that in observational studies involving energy-
adjusted models, these variables may yield misleading results
(47). Because protein is an energy-yielding nutrient, an
absolute increase in protein intake necessarily implies a
concomitant increase in total energy intake or, if total energy is
held constant, shifts in the proportion of energy from other
nutrients. The addition of one gram of protein, for example, to a
plate of food increases the energy content of the food by 16.7
kI (4 kcal), Alternatively, if we hold constant the overall energy
content, then the addition of one gram of protein necessarily
means providing less energy from fat or carbohydrate. This
covariance of protein with total energy intake and other
macronutrients interferes with the interpretation of independent
effects of absolute protein intake. In models that control for
energy intake, g/kg or %RDA protein effects actually represent
the effects of a shift in dietary composition, not just effects of
changes in absolute protein intake.

The expression of protein as a percent of energy intake in
this study avoids the use of controversial RDA values for
protein, allows protein-energy combinations to be gauged, and
facilitates the estimation of protein-specific effects (as
independent from the effects of total energy intake). In
multivariable models that include energy intake, the coefficient
for protein (% of energy) represents the effect of a unit increase
in the protein composition of the diet, holding total energy
intake constant (47),

Physical activity was recorded as a categorical variable.
Very light or light activity was characterized by work as an
office worker or work in a sitting or standing position;
moderate or heavy activity as work carried out by drivers,
electricians, or farmers. The activity variable was designed by
the Chinese Nutrition Society to reflect total energy
expenditure, and intended for use in calculating the Chinese
Recommended Daily Allowances. The variable significantly
predicts energy intake and weight status among Chinese adults
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(36). Missing values for the activity variable (n=13) were
imputed using age. sex, urban/rural residence, occupation, and
self-reported information on the present condition of the upper
and lower extremities (functioning normaily, having some
problems but not affecting daily activities and work, slightly
affecting daily activities, affecting daily activities - help is
required),

In addition to age (years) and gender, the CHNS collects
information on place of residence (urban/rural) and income.
Given the rapid urbanization-related changes occurring in
China, these are key indicators for the present sample.
Urban/rural residence was defined according to the Chinese
census definition, which considers small towns and city
neighborhoods as urban, and villages and suburbs as rural.
Questions on income probed for any income-producing activity
each person might have engaged in during the previous year.
Income from market and non-market activities, and non-
monetary government subsidies (food subsidies in the form of
ration coupons) were included in the income estimate. Per
capita household income was deflated by the relative Retail
Price Index which was 100 at base year of 1985 (48). While
there were no missing values for the age, gender, and
urban/rural variables, 2 missing income values were imputed
using the age, gender, and residence information.

Body composition indices

Midarm muscle area (MAMA) was chosen as the indicator
of arm muscle mass for the present analyses. Estimates of
MAMA were calculated from midarm circumference and
triceps skinfold measures for each individual using the equation
recommended by WHO (41, 49). Waist circumference was
chosen as the indicator of body fat for this analysis. In
validation studies in adults over age 18 and healthy elderly,
waist circumference has consistently appeared to be a good
measure (0.70<r<0.95) of total body fat as well as abdominal
fat for both sexes {50-53),

Analysis

All procedures were carried out using the STATA statistical
package (54). To avoid interpretive problems related to the
endogeneity of diet and body composition, the following
analyses evaluated the effects of baseline diet on changes in
body composition, instead of the effects of changes in diet on
changes in body composition. After crude (unadjusted)
stratified analysis, two multivariable modeling approaches were
considered for estimating the effects of protein and energy
intake adjusted for various covariates: a more conventional
model, which estimates separate effects of protein and energy;
and a second model, where particular protein-energy profiles
are studied instead of independent nutrient-specific effects. The
first modeling approach requires an interaction term between
the main effects of protein and energy intake to test for
interactive effects. The alternative approach, by contrast,
involves indicator variables that each represent the overall

interactive effect of a particular protein-energy combination.
Given interest in the independent effects of each nutrient, and
to allow comparison of our results with those from previous
observational studies, we used the first modeling approach to
estimate the main effects of protein and energy intake,
respectively, on each outcome of interest controlling for
covariates. Next, we combined the respective main effects to
determine if profiles of protein and energy intake predict the
expected patterns of change in body composition. Lastly, we
tested for interactive effects of protein and energy intake on
change in MAMA using both modeling approaches.

Respective main effects of protein and energy on each
outcome

Sex-specific multivariable ordinary least squares regression
(OLS) models were fit to test for independent main effects of
protein and energy intake on change in MAMA and change in
waist circumference, respectively, adjusting for various
covariates. The models were specified with dietary protein
content (protein as a percent of energy) and energy adequacy
(%RDA) as main exposures. In contrast to the nutrient density
method of energy adjustment described by Willett & Stampfer
(47), energy adequacy was entered into the models instead of
absolute energy intake (kJ). Although the models allow
between-person differences in absolute energy intake, they
control for the etiologically relevant variable vis-a-vis change
in body composition, energy adequacy.

Since the respective relationships between dietary protein
content and energy adequacy and each outcome appeared non-
linear in the crude stratified analysis (see Table 2), protein and
energy intakes were each expressed as categorical dummy
variables in all models. To simplify the presentation of results,
we chose the same cutoffs to categorize subjects for both sexes
(<95% and $125% of the Chinese age-,sex- and activity-
specific RDA for energy, and <104 and $12.1% of energy for
protein). The cutoff values not only allow the same meaning
relative to the RDA or total energy intake for both sexes, but
also approximate the tertile values for protein (104, 12.2% of
energy for females; 10.4, 12.0 % of energy for males) and
energy intake (102.7, 121.5%RDA for females, 96.0,
118.5%RDA for males) for both sexes in this sample. Among
females, the 95-125% of RDA cutpoints for energy intake also
more clearly distinguish between intakes below or above the
RDA for energy than the actual tertile valpes. We did not adopt
the more conventional 66.7 and 133.3 percentile values for
categorizing energy intake, as these seemed too low and too
high to represent sub-optimal or slightly excessive energy
intakes which might have adverse effects over the long-term.

In addition to the protein and energy intake dummy
variables, the multivariable OLS models included baseline age,
height, weight, arm muscle, waist circumference, smoking
status (current/non-smoker), activity level, income, and
urban/rural residence. The baseline anthropometric measures,
smoking and activity variables were considered proxies for
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dietary requirements and potential confounders of dietary
effects. Whether attributable to biological differences in dietary
requirements or to statistical regression to the mean, body size
at baseline was positively and significantly associated with loss
of MAMA and waist circumference (31). Since loss of stature
(kyphosis) has been shown to inflate estimates of change in
waist circumference, the change in height between survey years
was also controlled in all of the models (55). To account for the
potential non-independence of data for subjects from the same
household, the standard errors for the estimated coefficients
were adjusted using the robust variance estimator available
with the cluster command in STATA. Differences with a
probability level below 0.05 from any of the models were
considered statistically significant.

To illustrate the respective effects of protein and energy
intake on each outcome, we used the results from the sex-
specific OLS models to predict the change in MAMA and
change in waist circumference associated with each level of
protein and energy, respectively. These predictions assumed the
mean value for all other covariates in the model - i.e. the
predictions assumed that all subjects were of average age,
height, weight, waist circumference, MAMA, smoking status,
activity level, income, and urban/rural residence at baseline.

Simultaneous effects of both protein and energy intake on
both outcomes

Given the goal of the present analysis to determine if profiles
of protein and energy intake determine patterns of change in
both MAMA and body fat, the next step in our analysis was to
model how both protein and energy intakes simultaneously
determined change in both outcomes. We combined the
outcome-specific OLS models described above into sex-
specific seemingly unrelated regression models (SUREG) (54,
56) . The four categorical dummy variables representing
approximate tertiles of protein and energy intake, respectively,
were included in all of the SUREG models with baseline age,
height, weight, arm muscle, waist circumference, smoking
status {current/non-smoker), activity level, income, urban/rural
residence and the change in height between survey years as
independent variables. The joint estimates from the SUREG
models were used to test whether energy intake simultanecusly
influenced change in both MAMA and waist circumference,
and, similarly, whether protein intake simultaneously
determined both outcomes. To illustrate the simultaneous
cffects of protein and energy intake on both outcomes, the
results from the SUREG models were used to predict mean
changes in MAMA and waist circumference associated with
particular baseline diets. Again, in these simulations all other
covariates were set at their mean value.

Interactive effects of protein and energy intake
We next tested for interactive effects of protein and energy
ltake on change in MAMA. All possible interaction terms

between the tertile dummy variables representing dietary

protein content and energy adequacy were added to the sex-
specific main effects models predicting change in MAMA. As
an alternative check for effect modification between protein
and energy intake, we also fit sex-specific models with eight
indicator variables representing nine possible protein-energy
intake combinations: LPLE, LPME, LPHE, MPLE, MPME,.
MPHE, HPLE, HPME, HPHE (where L, M, H refer to the
lowest, medium, and highest intake categories (approximate
tertiles), and P and E refer to protein and energy, respectively).
While the first modeling approach involved three parameters to
describe each interaction, the effect of each nutrient plus their
interaction, the second approach treated each protein-energy
intake combination as a block and involved only one
comparison. While both approaches allowed for the non-
linearity of the relationships under study, the second approach
provided a less fragmented measure of the protein-energy
combination and maximized the available statistical power. All
multivariable models adjusted for the same covariates.

Table 1
Characteristics of 608 healthy, non-obese adults aged 50 to 69y,
participating in the 1993
and 1997 China Health and Nutrition Surveys

Male Female
(n=298) (n=310)
Mean (SD) Mean (SD)
Sociodemographic variables
Age (y) 576(56) 57.5(5.3)
Income (Yuan/y) 1303.0(12708) 1167.2(1178.7)
Meoederate or heavy activity 700 69.7
(% of sample)
Urban residents (% of sample) 24.8 255
Current smokers (% of sample) 67.8 94
Anthropometry
Baseline height (m) 162.7 (6.0) 151.6(5.9)
Baseline weight (kg) 56.8 (82) 495 (7.6)
A Weight (kg) 0.2 (4.0) 003 (3.6)
Baseline BMI (kg/m2) 2142.6) 215(2.8)
A BMI (kg/m?2) 0.1(1.5) 0.1(1.6)
Baseline MAMA (cm2) 404 (1.8) 336(7.8)
AMAMA (cm2) 20(71.3) -18(7.5)
Baseline waist circumference 76.7(8.2) 76.2 (3.8)
(cm)
A Waist circumference (cm) 10(6.5) 07(7.1)
Dietary intake variables
Protein (g) 80.9 (21.0) 70.9(20.2)
Protein (g/kg Body weight) i4(04) 1404
Protein (% of energy) 11309 115(2.2)
Energy (kJ) 119792 (2537.0) 10321.9(2158.9)
Energy (kl/kg Body weight) 21383 (49.0) 2113 (d64)
Energy (% of Chinese RDA) 1102 (26.2) 114.0 (26.4)
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Results

Selected characteristics of the sample are shown in Table 1.
A majority of subjects lived in rural areas, and reported
moderate or heavy activity levels. At baseline in 1993, the
absolute mean protein intakes for males (80.9g, SD=21.0g) and
females (70.9 g, $D=20.2g) were within the ranges
recommended by the Chinese Nutrition Society ( 70-80 g/d for
males; 60-70g/d for females) (44). The mean energy intakes at
baseline also met the age-sex- and activity specific Chinese
RDA for energy. The protein and energy intakes reported for
this sample may appear greater than normal intakes for other
healthy samples, since the estimates for this sampie were
calculated from raw foods. Between 1993 and 1997, the
subjects experienced an average decrease in MAMA of 1.9
(7.4) cm2 and an average increase in waist circumference of 0.9
(6.8) cm.

Table 2 presents the unadjusted changes in MAMA and
waist circumference experienced by this sample of older adults,
stratified by gender, protein and energy intake. Stratified in this
way, the respective relationships between protein and energy
intake and each ouicome appeared non-lincar. Among males,
U-shaped patterns were observed, such that subjects with the
lowest and highest protein intakes lost more MAMA than
subjects with medium protein intakes. Those with the lowest
and highest energy intakes gained less in waist circumference
than those with the mid-range energy intakes. Among females,

dose-response relationships between protein intake and change
in either compartment were not apparent. Smaller losses of
MAMA were noted only for protein intakes above 12.1 percent
of energy among females. Although energy intake appeared
linearly associated with change in MAMA, the relationship
with change in waist circumference appeared more J-shaped.

Figures 1-3 illustrate the adjusted effects of protein and
energy intake on changes in MAMA and waist circumference,
respectively. These estimates were predicted from multivariable
models that controlled for baseline age, height, weight, arm
muscle, waist circumference, income, urban/rural residence,
smoking status, activity level, and change in height between
survey vears. To avoid violating the linearity assumption
inherent in OLS models, protein and energy intakes were
expressed as categorical dummy variables, rather than
continuous variables, in these models,

Baseline protein and energy intakes and change in waist
circumference

Higher energy intakes were associated with greater gain in
body fat for both sexes, although the shape of results differed
by sex (see Figure 1). Among males, mean daily energy intake
below 95% of the RDA was associated with significantly
smaller gains in body fat than energy intakes between 95-125%
of the RDA. Among females, mean daily energy intakes above
125% of the RDA were associated with significantly greater
gains in body fat than energy intakes between 95-125% RDA.

Table 2
Unadjusted mean (SD) change in midarm muscle area (MAMA) and waist circumference between 1993
and 1997 by gender, protein and energy intake

Males Females
MAMA Waist circumference MAMA Waist circumference
Baseline A Baseline A Baseline A Baseline A
(em2) (em2) (cm) (cm) {cm2) (em2) (cm) (cm)
n Mean (SD) n Mean (SD)

Whole sample 298 404 20 767 10 310 336 -1.8 762 0.7

(7.8) a3 (8.2) (6.5) (7.8) (7.5) (8.8) 7.1
Protein intake
Lowest 100 39.6* 2.6 74 4% 10 100 327 22 74.5% 13
(<10.4% of Energy) ao 9% 67 B 64 (72 B (67
Mid-range 108 397+ -04*  T6.5* 14 101 33.8 2.1 755% 03
(104 to 12.1% of Energy) 8.0) (7.4) (8.9 (6.5) (6.8) (6.5) (74) (74
Highest 90 42.0 34 795 0.5 109 34.4 -10 784 ~» 0.3
(=12.1% of Energy) (8.3} 8.3 (8.0} (7.2) (9.5) (8.6) oy 7.2
Energy intake
Lowest 92 38.6* 24 744*% 07 79 304%  08* 713 06
(<93 % of RDA) ©.7 6.1) (7.1} (6.0) (6.0) (6.4) (7.1) (7.9
Mid-range 125 405 -1.6 76.1* 1.7 140 343 -1.2* 772 0.2+
(95 to 125% of RDA) (8.6) (7.4) (7D (6.5) (7.0) a4 B9 7.3
Highest 81 42.1 24 80.2 03 91 355 35 789 1.6
(=125 %RDA) (74 (835 OO (11 937 83 (83 (58

A Change in arm muscle area between 1993 and 1997, * p-value<0.05 for comparison with the corresponding value for the highest protein or highest energy intake category ; + p-
value<0.10 for comparison with the corresponding value for the highest protein or highest energy intake category
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Figure 1
Baseline energy intake and change in waist circumference§
among older adults (50-70 y) participating in the 1993 and
1997 China Health and Nutrition Surveys §Predicted mean
change in waist circomference from ordinary least squares
regression models adjusting for baseline age, height, weight,
arm muscle, waist circumference, smoking stafus {current/non-
smoker), activity level, income, and wrban/rural residence.
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I

+ p-value <0.05 compared to 95-125% RDA value; + p-value<0.} compared to <35%
RDA value in the multivariable models

No significant associations were observed between prolein
intake at baseline and change in waist circumterence

Baseline protein and energy intakes and change in MAMA

Lower energy intakes were associated with greater loss of
arm muscle for both sexes (see Figure 2). Energy intakes below
95%RDA were associated with significantly greater loss of arm
muscle than intakes between 95-125% RDA. Unexpectedly,
significantly greater losses of arm muscle were observed
among the females with energy intakes above 125% of the
RDA. A similar trend was apparent among males.

Figure 2
Bascline energy intake and change in mid-arm muscle area8
among older adults (50-70 y) participating in the 1993 and
1997 China Health and Nutrition Surveys ; §Predicted mean
change in mid-arm muscle area from ordinary least squares
regression models adjusting for baseline age, height, weight,
arm muscle, waist circumference, smoking status (current/non-
smoker), activity level, income, and urban/rural residence.
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Figure 3
Baseline protein intake and change in mid-arm muscle area$
among older adults (50-70 y) participating in the 1993 and
1997 China Health and Nutrition Surveys ; §Predicted mean
change in mid-arm muscle area from ordinary least squares
regression models adjusting for baseline age, height, weight,
arm muscle, waist circumference, smoking status {current/non-
smoker), activity level, income, and urban/rural residence.
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* p-value <0.05 compared to 104-12.1% of Energy value; + p-value<Q.1 compared 10
10.4-12.1% of Energy value in the multivariable models

Lower protein intakes were associated with greater loss of
arm muscle (see Figure 3). Among males, protein intake below
10.4% of energy was associated with significantly greater
losses of arm muscle than protein intake between 104-12.1%
of energy. Among females, protein intake greater than 12.1% of
energy was associated with significantly smaller losses of arm
muscle than protein intakes between 10.4 and 12.1% of energy.
Again, we observed an unexpected U-shape, this time for the
effect of protein intake on change in MAMA. Among males
protein intakes above 12.1% were associated with significantly
greater losses of arm muscle instead of gains.

Baseline protein and energy intakes and change in both
MAMA and waist circumference

Next, we modeled the simultaneous effects of protein and
energy intake on change in both body compartments. The OLS
models described above were combined into sex-specific
seemingly unrelated regression models. For both males and
females, energy intake below 95% RDA was simuitaneously,
significantly associated with loss of both MAMA and waist
circumference (p-value for the test of jointly zero outcomes
=0.01 for both sexes) compared with higher intakes as
reference group. Protein intake retained the significant effects
on change in MAMA described above.
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Figure 4
PredictedY change in both mid-arm muscle area and waist
circumference associated with specific protein and energy
intakes
4a: among females
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JPredicted means from seemingly unrelated regression models with four dummy variables
representing the tertiles of protein und energy intake, respectively. The models adjusted for
baseline age, height, weight, arm muscle, waist circumference, smoking status
(current/non-smoker), activity level, income, and urban/rural residence,

Figures 4a and 4b illustrate the changes in arm muscle and
body fat associated with diets lowest, medium, or highest in
protein (LP, MP, or HP) and lowest or medium in energy intake
(LE or ME) at baseline, for males and females, respectively. To
simplify these figures, the adverse effects of the highest energy
groups (LPHE, MPHE, and HPHE), described above, are not
shown. The relationships presented in the figures mirror the
shorter-term relationships reported in the literature. Among
fernales (Figure 4a), the diets lowest in both protein and energy
intake were associated with comparable loss of arm muscle, but
less gains in body fat than diets comparable in protein intake
but medium in energy. The medium and higher protein diets
were associated with less Ioss of arm muscle than the lower
protein diets. Medium protein diets that were higher in energy
were associated with greater gains in body fat than diets
comparable in protein, but lower in energy. Similarly, greater
gains in body fat were observed with the highest- protein,
higher energy diets than the highest protein diets that were
lower in energy.

Among males, protein and energy intakes were associated
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with similar patterns of change in arm muscle and body fat (see
Figure 4b). The diets lowest in both protein and energy were
associated with comparable loss of arm muscle, but less gains
in body fat than the diets low in protein but higher in energy.
The medium protein diets were associated with less loss of arm
muscle than the lower protein diets. The medium protein diets
that were higher in energy were associated with greater gains in
body fat than the medium protein diet lowest in energy. The
results for the males differed from those for the females only
with respect to the large losses of arm muscle associated with
the highest protein intakes.

Interactive effects of protein and energy on change in
MAMA

The predicted estimates shown in figures 4a and 4b
suggested potential interactions between protein and energy
intake. The level of energy intake appeared to modify the effect
of protein intake on change in MAMA, and vice versa. For both
sexes, the diets lowest in protein and energy intake appeared
associated with greater loss of MAMA than diets similar in
protein, but higher in energy intake. These apparent differences
were not statistically significant, however. When interaction
terms were added to the models that generated figures 4a and
4b, no significant interactions were observed {data not shown).

Considering that the multiple dummy variables and
associated interaction terms might limit our power to detect
significant interactive effects, we tested for effect modification
using an alternative specification. We replaced the dummy
variables and interaction terms with eight indicator variables
representing nine particular protein-energy combinations in the
models predicting change in MAMA., Table 3 describes the
actual protein and energy intakes, as well as unadjusted
changes in MAMA of subjects in each of these categories. With
the alternative specification, the effect of protein intake on
change in MAMA varied significantly by energy level (see
Figure 5). Females who consumed diets lowest in both protein
and energy (LPLE) lost significantly more MAMA than those
with comparably low protein intake but energy intake between
95-125% of the RDA (LPME). Males who consumed diets
mid-range in protein and energy gained significantly more
MAMA than males with comparable protein intake but lower
energy intake (MPLE).

The effect of energy intake on change in MAMA also
appeared to vary significantly by level of protein intake.
Females with the lowest energy and protein intakes lost
significantly more MAMA than females with comparable
energy intakes, but higher protein intakes (LPLE vs. HPLE).
The effect of mid-range energy intake appeared more beneficial
among females with the highest protein intake than with
medium protein intake (MPME vs HPME). Among males,
significantly greater gains in MAMA were observed for the
MPME group than the LPME group.
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e Table 3
e Baseline protein and energy intakes of subjects in each of the nine protein-energy intake groups
ns
m Protein Energy MAMA
ots " Baseline A
;:; n g % of Energy g/kg BWT Kk} % of RDA kJkgBWT cm? cm?
Mean (SD)
dy
ith Male
Lowest protein, 36 559 85 1.1 9821.5 82.7 1870 38.6 -2.1
in Lowest energy 9.4) (0.6) 02) (12703) (74 (30.5) (6.9 (6.3)
Lowest protein, 38 66.7 9.5 13 11786.7 1076 2264 392 =20
1b Mid-range energy (10.6) (0.8) 0.2) (1751.8) (7.6 (40.6) (6.8) (54)
Lowest protein, 26 78.0 8.8 14 149432 1431 269.0 416 4.2
?; Highest energy (133) (1.1 03) (l000) (16.3) (51.0) (7.3) (6.2)
;th Mid-range protein, 35 659 113 13 9765.9 820 185.8 37.4% -1.4+
ed Lowest energy {7.9) (0.6) 02) (1122.1)  (8.3) (27.6) (6.5) (5.3)
‘n Mid-range protein, 42 83.0 113 1.5 122616 1090 2222 39.2 0.7%
es Mid-range energy (12.8) 0.5) 0.3) (1659.0) (8.6) (38.1) (8.5) 7.7
o Mid-range protein, 31 101.8 113 16 149657 1483 241.8 431 0.6+
d Highest energy (20.6) 0.5) (0.5) (2633.0y (224 (61.5) 8.0 9.0)
; Highest protein, 21 80.5 140 14 9637.0 837 1711 407 -4.4
]' d Lowest energy (11.1) (14) 0.2) (1156.5) (7.1) (25.9) (6.4) 6.7)
ot Highest protein, 45 94.2 135 1.6 116713  109.1 198.7 429 -33
o Mid-range energy (13.7) (12) (0.3)  (14062) (88) (33.9) 9.7) (8.2)
\y Highest protein, 24 1109 135 19 138143 1402 230.1 414 2.6
os Highest energy (16.2) (0.8) 0.4) (2140.1y (154 (52.3) 7.0 (CRY)]
':: Female
4 Lowest protein, 32 452 9.2 10 8192.7 836 183.3 309 -2.8
;h Lowest energy (6.7) (0.8) (0.1) (982.8) (9.3) (27.6) (6.1} (6.4)
n Lowest protein, 40 573 94 1.2 10246.6 111.3 2100 336 -09
- Mid-range energy (8.7 (0.7) (0.2} 12929y (7.6) (38.5) (6.0) (7.5)
;n Lowest protein, 28 68.2 9.1 14 125516 1409 2619 334 -33
e Highest energy (11.1) ©9) ©.3) (1799.1) (149 (53.6) 7.0 (7.5)
o Mid-range protein, 24 548 11.4 12 8059.6 86.0 178.7 30.3+ 0.1+
s quest energy {6.4) {0.5) {0.2) (916.7) (7.0) (28.0) (6.2) (6.7
e M%d—range protein, 51 66.2 11.1 14 9898.5 107.5 2025 344 -22
or Mid-range energy (8.1) ©5) 0.2) (11146  (7.3) (28.5) 3.7 (6.1}
- Mid-range protein, 26 8338 11.2 1.6 124955 1483 241.8 357 -39
o Highest energy (13.7) (0.5) (0.3) (20259) (23.1) (48.1) (8.2) (6.9)
) Highest protein, 23 69.5 140 1.5 82973 85.1 184.1 29.8* 1.2*
o Lowest energy (13.7) (1.9) ©4) (111550  (9.7) (29.3) (5.8) (5.5)
o H1.ghest protein, 49 833 13.8 1.7 101684 1125 206.3 347 04
N Mld-range energy (13.6) (2.0) (0.4) (1156.0) (7.6) (41.0) (8.8) (8.6)
- H}ghest protein, 37 102.3 137 1.9 125445 1455 2347 36.9 -33
h Highest energy {18.1) (13) 04) (21522) (26.0) (52.7) (11.3) {9.8)
s,

RDA: Age-sex, and activity-specific recommended daily allowance for Chinese adults (44) ; BWT: Body weight; MAMA: Mid-arm muscle area; A : Change in arm muscle area between
1993 and 1997; Protein intake cutoffs: Lowest, <10.4% of energy; Mid-range 10.4- 12.1% of energy. Highest, $12.1 % of energy; Energy intake cutoffs: Lowest, <95% of RDA; Mid-
range 95-125% of RDA, Highest, $125% of RDA; * p-value<0.05 for comparison with the comresponding value for the lowest protein, highest energy group; + p-value<0.10 for
compurison with the corresponding value for the lowest protein, highest energy group
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Figure 5
Predictedt change in mid-arm muscle area associated with
specific patterns of protein and energy intake
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}Predicted means from sex-specific seemingly unrelated regression models with eight
indicator variables representing particular protein-energy intake combinations: LPLE,
LPME, LPHE, MPLE, MPME, MPHE, HPLE, HPME, HPHE (where L, M, H refer to the
lowest, medium, and highest intake categories), and P and E refer to protein and energy,
respectively). The models controlled for baseline age, height. weight, arm muscle, waist
circumference., smoking status {current/non-smoker}, activity level, income, and
urban/rural residence. The predicted means with the same letter were significanty different
in the multivariable modeis (p-value < 0.05). Letters with a plus sign represent differences
with a p-value<0.10,

Discussion

The results of this observational study suggest that diet may
play an important role in age-related changes in body
composition. The results provide evidence of long-term
counterparts to well-established short-term relationships
between diet and changes in body composition. Although
slightly different by sex, the observed associations were
consistent with the known positive associations between dietary
intake and short-term changes in body composition. The lowest
protein intakes were associated with greater loss of arm muscle
than higher protein intakes. The lowest energy intakes were
associated with greater loss of arm muscle than higher energy
intakes. Higher energy intakes were associated with more gain
in waist circumference than lower energy intakes. Profiles of
protein and energy intake predicted the expected patterns of
change in body composition over a four-year period. The effect
of protein on change in arm muscle also appeared to depend on
the level of energy adequacy.

Considerable evidence from clinical studies of obesity
(overfeeding studies), starvation and the treatment of obesity
(underfeeding studies), as well as the treatment of malnourished
individuals (refeeding studies) demonstrate that energy and
protein intakes, relative to dietary requirements, predict
simultaneous change in both the lean and fat compartments
(e.g. 21-25). Among females with energy intakes below 125%
of the age-sex-and activity specific RDA, and males with
protein intakes below 12.1 % of energy, the simultaneous
effects of protein and energy intakes on change in arm muscle
and body fat paralleled the short-term associations between
PEM and changes in body composition (26). While diets lower
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in both protein and energy were associated with loss of both
arm muscle and body fat, diets comparably low in protein but
higher in energy were associated with loss of arm muscle, but
gain of body fat.

The interactions between protein and energy intake observed
in this study were consistent with what we might expect from
the literature on protein and energy metabolism. In keeping
with the comments of Morais et al (28), the diets lowest in both
protein and energy intake were associated with greater losses or
smaller gains of MAMA than diets higher in one or both
nutrients.

Inconsistent results from previous research on diet and
age-related change in body composition

In addition to providing evidence of long-term counterparts
to well-established short-term associations, this study may help
resolve inconsistent findings in the clinical and observational
literature on diet and age-related changes in body composition.
Although experimental studies report significant or non-
significant positive associations between protein intake and
change in skeletal muscle mass or area after 9-12 weeks among
older adults {10-13), the existing observational studies
involving older adults do not report positive effects of protein
or energy intake on muscle outcomes (16-20).

Previous work on this same sample of older adults in China
suggested that the role of diet might become clearer if we
considered both outcomes simultaneously (31). We estimated
the prevalence of different patterns of long-term changes in
body composition and described these patterns in terms of
baseline body size, mean dietary intake, activity level, income
and urban residence. Despite reports of no association between
protein or energy and muscle (16-20), the previous analysis
showed that when changes in arm muscle were classified as
gains or losses of arm muscle concurrent with gains or losses of
body fat, females who lost arm muscle, but gained fat appeared
to have a significantly lower protein intake than those who
gained both arm muscle and fat, and a significantly greater
energy intake than those who lost both arm muscle and body fat
(31). The emergence of these significant differences in protein
and energy intake suggested that dietary effects might have
been obscured in earlier studies by complex interrelationships
between body compartments and/or protein-energy metabolism.
Although our descriptive analysis suggested that different
patterns of change in body composition differ with respect to
mean dietary intake, it did not estimate the magnitude or
characterize the shape of underlying associations. To fill these
gaps, the present longitudinal study estimated the magnitude
and direction of effects of both protein and energy intake on
changes in both arm muscle and body fat. Unlike previous
studies, the present analysis considered the endogeneity of diet
and body composition, potential confounding of protein effects
by the level of energy adequacy, as well as potentially
interactive effects of protein and energy.

The significant effects of protein and energy intake observed
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in this study indicate that null effects in previous observational
studies may indeed be attributable to complexities involved in
multivariable modeling of observational data, U-shaped
associations, confounding by energy intake, and/or interactions
between protein and energy intake. Underlying U-shaped
associations could have produced null results in previous
observational studlies that relied on correlation analyses and
ordinary regression models which assume a linear association
between variables (e.g. 19, 20). Confounding by energy intake
and/or misleading results from multivariable models where
protein intake was entered in g/kg units (17, 20} may also have
contributed to apparent null resnlts. The multivariable models
in previous studies also did not include or test interaction terms
between protein and energy intakes. Without interaction terms
or sub-group specific analyses, the reference group implicit in
models with continuous protein and energy intakes as
independent variables would have been the subjects with the
lowest protein intakes and the lowest energy intakes. In the
present study, the effect of protein appeared weaker among
subjects with the lowest energy intakes than among subjects
with energy intakes in the mid-range. Finally, poor
representation of etiologically relevant variables and pathways
may have led to null results in previous observational analyses.
The fact that interactive effects of protein and energy only
became apparent in this study when diet profiles were treated as
the main exposures instead of specific nutrients, iilustrates how
null results in previous observational studies may be
attributable to complexities of model specification.

The present study may help resolve confusion about the role
of diet in age-related changes in body composition, because it
contributes observational data that corroborate clinical findings,
at the same time as offering possible explanations for
previously observed null effects.

Non-linear associations

Despite the protective effects of higher protein and energy
intakes compared to the lowest intakes, the relationships
observed in this study were non-linear. Among females, the
highest energy intakes (>125% of the Chinese RDA) were
unexpectedly associated with loss of muscle, rather than gain.
Among males, protein intakes above 12.1% of energy were
associated with loss of muscle, rather than gain. While it is
always possible that the U-shaped associations observed in this
study reflect measurement error, confounding by unobserved
variables (such as illness or medication use), or statistical
artefacts, they agree with current nutrition theory that both
under- and overconsumption of protein and energy can result in
negative outcomes. Findings from a 10-year longitudinal study
of nutritional intake and physical health in older adults (57)
suggest that the present results among women may reflect true
relationships. Vellas et al (57) report that healthy elderly
women with baseline energy intakes below or above the current
RDA were more likely to become frail, sick or die than those
with energy intakes in the midrange. Also, women with protein

intakes greater than the midrange of 0.8-1.2 g/kg of body
weight tended to have fewer health problems. Although
speculative, we wonder whether insulin resistance might
mediate U-shaped relationships between protein and energy
intake and long-term change in muscle. While we have no data
to pursue this hypothesis, insulin resistance has been implicated
as a determinant of sarcopenia (4).

Despite control for the adequacy of energy intake, the
observed U-shaped effects may be attributable to residual
confounding by total energy intake. Because a given absolute
amount of protein may be relatively great for persons with low
energy intake, it is possible that adverse effects of the highest
level of protein intake reflect effects of low energy intake.
Similarly, the adverse effects of high energy intake among
females may reflect effects of low protein intake. Results from
the models involving nine particular diet profiles instead of
nutrient specific main effects argue against this explanation,
however. The males who consumed HPLE, HPME, and HPHE
diets all lost significantly more MAMA than males consuming
diets lower in protein (MPME) content. Also, females who
consumed the LPHE diets lost a similar amount of MAMA than
females who consumed diets comparably high in energy but
higher in protein content (MPHE or HPHE diets).

Sex differences

The results of this study suggest that males and females may
respond differently to given levels of dietary protein content.
Among males, the smallest losses of MAMA were associated
with protein intake between 10.4 and 12.1% of energy. Among
females, the smallest losses were associated with protein intake
above 12.1% of energy. Although elderly men have previously
been found to be more efficient than elderly women in the use
of egg protein to maintain nitrogen balance (58), this sex-
specific result may reflect sex differences in body size and
energy requirements, particularly those related to physical
activity. Larger individuals {(males) require more energy than
smaller individuals (females) to perform the same tasks,
because they have to move their greater mass (59-63). The
division of absolute protein intake by total energy intake to
express protein as a percent of energy could, therefore, have
produced apparently different effects of dietary protein content,
even though the effects or levels of absolute protein intake
might be similar. Sex differences in dietary requirements might
also be attributable to differences in sex hormones, underlying
illness and/or smoking status. While 68% of males reported
current smoking, smoking was comparatively rare among
women (9%). Smoking status was not associated with protein
intake above 12.1% of energy among males, however.

Potential limitations

We cannot rule out possible confounding of the present
results by changes in dietary intake. Baseline protein and
energy intakes were studied instead of changes over time to
avoid interpretive problems related to the endogeneity of diet
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and body composition. Working with levels of intake instead of
changes over time, the present study design atiempted to
unravel the feedback loop between diet and body composition.
The work assumed a biological mechanism where a given level
of dietary intake over a long period results in gradual changes
in body composition, which in turn determine new dietary
requirements and new levels of dietary intake at later points in
time. We assumed that three-day mean protein and energy
intakes at baseline adequately reflect the habitual or ‘nsuval’
intake of these nutrients over an extended period of time.
Between 1993 and 1997, however, the absolute energy and
protein intakes decreased significantly for this sample by an
average 543.9 kJ/d and 3.5 g/d, respectively. We do not know
exactly when between 1993 and 1997 the actual dietary
changes occurred. Since the body compoesition measurements
were taken at the same time that dietary data were collected in
1993 and 1997, we cannot know whether the decreases in
energy intake happened before or after the observed changes in
body composition. If energy intakes decreased before any
changes in MAMA and/or waist circumference, then the
observed changes in body composition may be attributable to
changes in intake instead of baseline levels of intake. The effect
of low energy on change in MAMA may be underestimated,
since subjects with low energy intake at baseline were less
likely to decrease their energy intakes than subjects with higher
energy intake at baseline. Even if all of the dietary changes
happened before the observed changes in body composition, the
associated confounding would not explain away the reported
relationships. Multivariable models that controlled for the
change in protein (% of energy) and change in energy intake
between 1993 and 1997 produced a similar pattern of results to
those presented here (data not shown). Lastly, in the case where
dietary changes happened subsequent to changes in body
composition, it would be inappropriate to include dietary
change as a covariate in models predicting change in body
composition - tantamount to having the same variable on both
sides of the regression equation. Data from additional points in
time and more complex statistical models (such as structural
equations models) would be necessary to better model the
endogenous relationships between diet and body composition.
‘Protein or energy intakes’ in the above discussion refer to
energy intakes relative to the RDA and dietary protein content,
not to absolute levels of protein or energy intake. The
specification of protein intake as a percentage of energy intake
constitutes a limitation of this study in so far as it complicates
the interpretation of the results in terms of protein adequacy or
protein recommendations - which are conventionally expressed
in absolute terms (g or g/kg BWT). Explicitly, in thas study
some subjects with the same absolute protein intakes were
classified as having different (lowest, mid-range, or highest)
relative protein intakes if their total energy intakes differed.
The activity variable used in this analysis leaves open the
potential for incomplete control of relevant aspects of physical
activity. Given that the CHNS measure of activity level was
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designed to reflect total energy expenditure and intended for
use in calculating the Chinese RDA, it may be a better index of
aerobic activity than weight-bearing exercise. Since resistance
training, but not aerobic exercise, is associated with increases in
muscle mass, we may have incompletely controlled for
heterogeneity related to weight-bearing exercise.

The present sample of non-obese individuals, aged 50 to 69
y, was chosen to minimize bias related to differentially
distributed differences in measurement errors in the MAMA
measure. Errors in this measure are known to increase with age
and obesity (64, 65). Although MAMA has been shown to
correlate reasonably well with criterion measures in healthy
younger adults (66-68), in older adults, MAMA correlates less
well with arm muscle and poorly with total body muscle (64).
In addition to errors in the measurement of triceps skinfold and
midarm circumference, invalid geometric assumptions may
contribute to overestimation of the true arm muscle area.
Among elderly subjects in the US, bone-free MAMA has been
shown to overestimate true muscle and bone area by as much as
30% in men and 50% in women (65). If geometric deviations
from circularity increase over time, the overestimation in
MAMA may be worse at follow-up than at baseline, leading to
apparent increases in muscle mass over time.

The changes in arm muscle and waist circumference
reported here should also be interpreted with caution.
Anthropometric measures are not precise enough to detect
subtle changes in muscle or body fat (49), and may not reflect
changes in whole body compartments. While limited
information suggests that waist circumnference and MAMA are
meaningful among Chinese groups (69, 70), validation studies
of change in either measure are not available in the literature.
Given the limitations of the MAMA measure, we interpret
MAMA as an index of arm muscle mass rather than total body
muscle and recognize that changes in this variable may not
reflect sarcopenia in the whole body.

Cenclusion

In this longitudinal study of older adults in China, profiles of
protein and energy intake were associated with particular
patterns of change in arm muscle and fat mass. The effects of
protein and energy interacted to determine change in arm
muscle. These relationships, observed over a four-year period,
paralleled the well-established short-term associations between

. . N i,
protein and energy intake and change in body composition. The
results suggest that diet may play an important role in age-
related change in body composition.
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