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To explore whether nitrogen retention can differ on an isonitrogenous diet by changing when protein is consumed, we
performed a short-term study in older individuals (64.5 + 2.0 years) performing daily exercise while in energy balance.
Participants consumed an isonitrogenous—isocaloric diet with the timing of a protein or carbohydrate beverage after
exercise (protein after exercise [PRO], carbohydrate after exercise [CHO]) versus earlier in the day. Three-day mean
energy balance (PRO: 202 + 36 kcal and CHO: 191 + 44 kcal; p = .68) did not differ between trials, but 3-day mean
nitrogen balance was significantly more positive in the PRO (1.2 + 0.32 g N) trial than the CHO trial (0.8 + 0.45 g N; p <.05).
Older individuals were better able to maintain nitrogen balance by simply changing when a portion of an identical amount

of daily protein was consumed.
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HE importance of preventing frailty in the aging popu-

lation has been discussed in detail (1). Physical activity
and the anabolic effect of feeding serve to maintain body
protein content. There is much discussion on how these ana-
bolic stimuli, independently and in conjunction, change in
older individuals (2) because whole body protein content
and lean body mass decline with age (3). These declines in
protein content and lean body mass can lead to changes in
body composition that increase risk for chronic disease
and disability (4). Thus, there is a practical need to devise
easy-to-follow strategies to ensure that whole body protein
content is maintained in older individuals.

The nitrogen balance (NBAL) method is classically not
only used to determine adequate protein intakes for various
populations but can also be used to measure whole body
protein balance in response to exercise or nutritional inter-
ventions. The premise of this technique is that because pro-
tein is the body’s main nitrogen-containing compound, a
fluctuation in nitrogen reflects a change in total body pro-
tein (5). Although our group and others primarily use stable
isotopic methods for determining protein turnover, NBAL
is still an appropriate method when assessing relatively
short-term changes in protein balance. Studies using the
NBAL method have primarily focused on the amount of di-
etary protein required to maintain NBAL in older individu-
als, arguing for (6,7) or against (8) increasing the protein
recommendation above the recommended daily allowance.
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Largely overlooked in this discussion are the independent
factors of energy balance and timing of protein intake,
which if accounted for may explain the disparate results
from other studies. If energy intake is inadequate, a negative
NBAL and loss of lean body mass will be the result (9).
Conversely, when energy balance becomes more positive,
nitrogen losses are attenuated (10). During an energy defi-
cit, the body oxidizes more amino acids to supplement ATP
production. Furthermore, because building proteins is costly
from an energetic standpoint (11), it follows that synthesis
of nonvital proteins will be downregulated during an energy
shortage. The decrease in energy intake that occurs progres-
sively through each decade of life after the age of 20 years
may contribute to the age-related decrement of body protein
mass (12).

The anabolic effect of exercise and subsequent protein nu-
trition may play an important role in therapeutic treatments
for older individuals to preserve muscle mass. When energy
balance is maintained, moderate-intensity exercise can cause
NBAL to become more positive by increasing nitrogen re-
tention (13,14). In young men, the addition of 1 hour of ex-
ercise spares 2.5 mg N/kg body weight/day (14). There is
evidence that whole body protein synthesis increases acutely
following vigorous aerobic exercise (15) and that the
consumption of a protein-containing beverage can increase
this anabolic effect more than an isocaloric carbohydrate-
containing beverage (C. Murphy and B. F. Miller, unpublished
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data). Finally, there is evidence that longer term aerobic
training increases basal whole body protein turnover in
young (16) and older individuals (17) and that postexercise
protein supplementation augments muscular strength, mass,
and bone gains in older women after a long-term weight-
lifting program (18). The increase in synthesis of individual
proteins, like those in muscle, may conserve nitrogen from
protein breakdown and allow whole body protein balance to
become more positive (19). We have described the net effect
of exercise and nutrition as an optimization, where physical
activity provides an anabolic stimulus and protein nutrition
provides the building blocks to maximize the response (20).

Previous studies have mainly investigated resistance
exercise as a strategy to maintain lean body mass, even though
aerobic exercise effectively increases whole body protein
turnover (as previously mentioned) and also increases
muscle fiber size (21). Because walking is the most common
form of exercise among the elderly individuals (22) and is
commonly recommended to older individuals (23), low-
intensity aerobic exercise could be considered a potential
method to maintain lean body mass. To our knowledge,
there is only a single NBAL study that compares the timing
of a protein-containing mixed-meal beverage with a control
beverage after aerobic-type exercise (24). In the study by
Roy and colleagues, young female endurance athletes in
negative energy balance were better able to maintain NBAL
when protein instead of placebo was consumed immedi-
ately postexercise. The two conditions were isoenergetic
and isonitrogenous but differed only in the timing of the
macronutrient intake.

The current study investigated the concept that even if the
exact same diet is consumed simply changing the timing of
the protein can improve NBAL in older individuals. To do
so, we studied a group of older participants under strictly
controlled macronutrient intake and energy balance. An
exercise stimulus of low- to moderate-intensity aerobic
exercise was used because it is easily attainable in this pop-
ulation. We hypothesized that in older participants in energy
balance, consumption of a protein-containing drink after
exercise would increase 3-day NBAL compared with a con-
dition in which exercise was also performed, but the protein
drink was consumed at some other point in the day.

METHODS

Study Overview

The study consisted of four distinct periods: preexperi-
mental testing, a 7-day lead-in period, a 6-day inpatient/
experimental period, and posttesting (Figure 1). The meta-
bolic information obtained during pretesting was used to
plan lead-in and experimental diets. The 7-day lead-in diet
allowed a period for each participant to adapt to the level
of protein provided during the inpatient/experimental
period (5). The protocol was approved by the Colorado State
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Figure 1. Study timeline (A) and daily timing of meals, exercise, and con-
sumption of beverages during PRO + CHO and CHO trials (B). The time line in
panel B occurs within the period labeled “Experimental” in panel A. The order
of the PRO and CHO trials were randomized.

University Institutional Review Board and the Colorado
Multiple Institutional Review Board for human participants
research.

Farticipants

Nine healthy sedentary male (n = 2) and female (n = 7)
participants between the ages of 55 and 75 years were re-
cruited to participate in this study (Table 1). During an ini-
tial screening appointment, participants completed an
informed consent and a medical and exercise history ques-
tionnaire. Each participant completed an online food prefer-
ence and allergy questionnaire from the Clinical and
Translational Research Center (CTRC) so that the study
diets would contain acceptable food choices. Participants
were nonsmokers and were not taking any medications,
except one participant who was on an antidepressant.
Because milk was used as an experimental beverage, volun-
teers reporting lactose intolerance were excluded. Addi-
tional exclusionary criteria included obesity (body mass

Table 1. Participant Characteristics™*

Participants

Characteristic Male Female All Participants
Age,y 62+7 66+2 65+2
Height, cm 182+0.5 157+ 1.0 162+4.0
Weight, kg 88.8+£2.2 573+28 643 £5.1
Body mass index, kg/m 26.8£0.8 233+1.1 24.1+1.0
Body fat, % 222+05 344+24 31.7+£25
VO2max, ml/kg/min 30.2+04 23.6+1.5 250%1.5

*Values are expressed as means = SEM, males (n = 2), females (n = 7), and
all participants (n = 9).
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index >30), recent orthopedic injuries that would impede
the ability to exercise, conditions affecting food absorption
or digestion, undiagnosed hypo- or hyperparathyroidism
(thyroid stimulating hormone [TSH] <0.05 uU/mL or TSH
>5.0 uU/mL), or a current illness or infection.

Pretesting

Each participant underwent a series of preexperimental
testing, both to ensure their eligibility and to determine var-
ious metabolic and physical characteristics. On the first day
of testing, a graded exercise test (Balke protocol) was com-
pleted on a treadmill under the supervision of a cardiologist.
Individuals were excluded if the test indicated a hyperten-
sive or ischemic response to exercise as determined by the
supervising cardiologist. Participants returned to the labora-
tory on a separate morning after abstaining from exercise
for 24 hours and completing an overnight fast. Body com-
position was determined using dual-energy x-ray absorpti-
ometry scan (QDR 4500W; Hologic, Inc., Bedford, MA).
Resting metabolic rate (RMR) was then measured to esti-
mate 24-hour resting caloric expenditure (Parvomedics
TrueOne 2400, Sandy, UT). During this test, a hood was
placed over the head of the participant, and expired gases
were collected for 45 minutes. The first 15 minutes were
treated as an adaptive period to allow the participant to
become accustomed to the experimental setup and to deter-
mine the appropriate flow rate. The data from the final 30
minutes predicted RMR using the Weir equation (25). On
another day during the same week, participants completed
an incremental exercise test on a cycle ergometer (Monark
Excalibur, Groningen, The Netherlands) to determine VOypax
by indirect calorimetry (Parvomedics TrueOne 2400). The
maximal cycling protocol began at 50 W for the first minute,
increasing by 20 W for women and 30 Watts for men every
2 minutes thereafter. The test was terminated when par-
ticipants reached volitional exhaustion. It was determined
that a true maximal level was reached if allthe following
criteria were achieved: Exercise heart rate came within 10
beats of predicted maximal heart rate, respiratory exchange
ratio (RER) was greater than 1.1, and VO, values appeared
to reach a plateau.

On a separate day, a submaximal steady-state cycling test
was completed at an intensity that approximates a brisk walk-
ing pace (55% VOomax).- The purpose of this test was to esti-
mate energy expenditure (EE) during a bout of exercise at the
given intensity. The American College of Sports Medicine
(ACSM) leg cycle ergometry equation (23) was used to esti-
mate the cycle ergometer work rate that would produce a
steady-state exercise level at 55% of maximal VO,:

VO, (ml/kg/min) = 1.8 x (work rate) /(body mass)
+resting VO, + unloaded cycling.

Using indirect calorimetry, EE was measured each
minute. These EE values were averaged over 30 minutes of
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steady-state exercise, allowing a prediction of exercise EE
in kcal/hour during the study’s inpatient daily exercise
protocol (1 hour of cycling at 55% of VOo,x). During the
pretesting period, participants also completed a diet log by
recording all foods and beverages that were ingested during
three consecutive days (2 weekdays and 2 weekend day).
The record was collected to provide an indication of normal
dietary habits of the participants. Participants provided food
labels for any specialty items and gave investigators specific
information about the foods that were eaten, portion sizes,
and how foods were prepared. All foods were entered into
Food Intake Analysis System software (FIAS 3.99, Houston,
TX) and analyzed. The data from the 3 days were averaged,
providing an indication of habitual energy, macronutrient,
and fiber intake.

Lead-in Diet

Several (2-3) weeks after completing the pretesting, each
participant completed a 7-day lead-in diet immediately fol-
lowed by a 6-day inpatient stay at the University of Colora-
do-Denver CTRC (Figure 1). The lead-in diet was intended
to provide an equal amount of protein to that of the inpatient
diet, so that NBAL measurements made during the inpatient
stay would not be a reflection of an acute adaptation to a new
level of protein intake. During the 7-day lead-in period, par-
ticipants reported to the Colorado State University (CSU)
Nutrition Center each morning for weight measurement and
breakfast. Participants were instructed to arrive in the same
lightweight clothing each day and were weighed without
shoes on the same scale (Detecto, Webb City, MO) each day.
Breakfast was eaten at CSU under the supervision of study
staff, and the remainder of each day’s food was prepared and
placed in a soft cooler. Besides coming to the Nutrition Cen-
ter each morning, participants were allowed to maintain their
normal everyday activities. Thus, lunch, dinner, and snacks
were consumed either at the participant’s home or at the
place of work. All study diets (outpatient and inpatient) fol-
lowed United States Department of Agriculture (USDA) nu-
tritional guidelines and were created using Pronutra software
(Viocare, Inc., Princeton, NJ). The macronutrient breakdown
of the lead-in diet was as follows: 15% protein, 30% fat, and
55% carbohydrate taken as a percentage of total calories.
Breakfast, lunch, and dinner comprised 30%, 30%, and 40%
of calories, respectively. Participants were instructed to eat
only the food that was provided to them by study staff and to
eat everything in the cooler. If they were unable to eat any
food items, they were asked to return the food the following
day so that it could be weighed. Otherwise, it was assumed
that the participants ate all foods provided to them and noth-
ing else. Participants maintained energy balance (energy in-
take = EE) for the entire study period with caloric intake
planned based on the participant’s estimated caloric expen-
diture. For the lead-in diet, each participant’s RMR was
multiplied by an activity factor of 1.55-1.60, a range of
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activity factors that approximates those of free-living seden-
tary elderly individuals (26).

During the first 2 days of the lead-in period, participants
wore an accelerometer (Actigraph GT1M, Pensacola, FL)
to estimate calories expended during activities of daily
living. Participants were instructed to wear the activity
monitor on their waistband at all times except during sleep-
ing or bathing. If activity counts were less than or equal to
1,952 per minute, then the Work-Energy Theorem was used
to estimate EE:

kcal/min = (0.0000191) X (counts/ minute) x

)
(body mass [kg]).

The Freedson equation (27) was used to estimate EE
when activity counts were greater than 1,952 per minute:

kcal /min = (0.00094) X (counts/ minute) +
(0.1346) x(body mass [kg]) —(7.37418).

Total daily energy expenditure (TDEE) was estimated
using the concept that the major components of EE are
RMR, diet-induced thermogenesis (DIT), and activity
(exercise and nonexercise) thermogenesis (28):

TDEE = RMR + DIT + activity thermogenesis. )

Because participants were sedentary, the EE predicted
by the accelerometer was used for activity thermogenesis.
The measured value for RMR was used, and DIT was esti-
mated to be 10%—15% of TDEE (29). Free-living physical
activity level (PAL) was calculated using the following
equation:

PAL = TDEE/RMR. 5)

Free-living energy balance was calculated using TDEE
and energy intake as determined from the diet plans created
by the study dietician:

Energy balance = Energy intake — TDEE. 6)

Experimental Protocol (inpatient period)

The experimental protocol was implemented during a
6-day inpatient stay at the University of Colorado-Denver
CTRC in which NBAL was continuously monitored. The
study design was randomized crossover, so each participant
completed two 3-day trials consecutively. Three-day diets
were identical between the two conditions, so that energy,
macronutrients, and foods consumed were exactly repro-
duced during each trial. Due to the well-known relationship
between energy balance and NBAL, the purpose of the Cal
room days was to directly measure EE and allow for calcu-
lation of energy balance.

On the evening before the 6-day inpatient study period,
participants were admitted to the CTRC and provided dinner
as the final meal of their lead-in diet. The study began the
next morning with the start of the study diet and 24-hour
urine collection. Day 1 and Day 6 were spent in a whole

room calorimeter (Cal room), and the rest of the days were
spent in a patient room on the CTRC. During the non—Cal
room days, participants were allowed to leave the unit two
times during the day for 30 minutes. Participants were
instructed to consume only the diet provided to them by the
CTRC staff and to exercise only during the 1-hour cycling
bout prescribed as part of the study protocol. The study
diets contained only noncaffeinated beverages, but partici-
pants were allowed to request noncaloric noncaffeinated
beverages and to consume water ad libitum. Daily gowned-
weight measurements were taken on the same digital scale
every morning after voiding. Each day, the participants
completed 1 hour of cycling exercise (Lode, Groningen,
The Netherlands) at an intensity corresponding to 55% of
VO,max as determined by the previously discussed steady-
state exercise test. The exercise bout was intended to
simulate a brisk walking pace and was tolerated well by
all participants except for one who had some difficulty
completing the full hour of exercise.

Two test beverages were consumed in both trials with the
timing of one beverage in the morning and one beverage after
exercise in the afternoon (Figure 1). In one trial (PRO), the
morning drink was a 407-kcal Kool-Aid drink containing
100 g carbohydrate (57 g polycose, 50 g Kool-Aid, and
350 g water), whereas the postexercise beverage was a
248-kcal chocolate milk drink containing 15.3 g protein,
43.6 g carbohydrate, and 1.3 g fat (330 g skim milk, 4 g whey
protein, and 42 g of chocolate syrup). In the second trial
(CHO), the order of the drinks was reversed so that the
protein-containing beverage was consumed in the morning,
and the carbohydrate only drink was consumed after exer-
cise. Besides the timing of the different beverage types in
relation to the exercise bout, diets during the two trials were
exactly the same. Calories for the beverages were deducted
from total intake, and the remaining calories were divided as
follows: 30% breakfast, 30% lunch, and 40% dinner. The ma-
cronutrient content of the inpatient diet was 13.5% protein,
21% fat, and 65.5% carbohydrate as a percentage of total
calories. It was originally intended for the inpatient diet to
provide the same macronutrient content as the lead-in diet
(15% protein, 30% fat, and 55% carbohydrate). However, an
error in the nutritional database for the sweetener used in the
Kool-Aid beverage resulted in the provision of an additional
159 g of carbohydrate daily for each participant. The diets
still aligned with the USDA’s acceptable macronutrient
distribution ranges (45%—65% carbohydrate, 20%—-35% fat,
and 10%-35% protein) (30).

TDEE for the inpatient stay was first approximated, and
caloric intake was subsequently planned based on the esti-
mate. The estimate for TDEE in the Cal room was lower
than in the non—Cal room days because ambulatory activity
levels are lower when restricted to the Cal room. To esti-
mate TDEE, RMR was multiplied by an activity factor (AF;
1.35 for Cal room days and 1.45 for non—Cal room days
[E. L. Melanson, unpublished observations]). Then, exercise
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EE was estimated from steady-state VO, results, and an
additional 20% of exercise EE calories were added to ac-
count for excessive postexercise oxygen consumption (31):

EE = (AF xRMR) + (exercise EE + 0.2 x exercise EE). (7)

Participants entered the Cal room at 07:45 aM on Day
1 and Day 6 and exited at 07:15 am the following morn-
ing. The 12’ x 12’ room contained a bed, toilet and sink,
computer desk, television, and bicycle ergometer. Partici-
pants were instructed not to nap during the day as stan-
dard protocol for the calorimeter room. An infrared
analyzer (ABB; Houston, TX) was used to measure CO,,
whereas a paramagnetic analyzer was used to measure O,
(Siemens, Norcross, GA). Urine N was used to calculate
24-hour protein oxidation, with 1 g of urine N reflecting
6.25 g of oxidized protein. EE and substrate oxidation
were calculated from oxygen consumption and the non-
protein respiratory quotient based on the equations of
Jequier and colleagues (32). All measurements were
taken as 1-minute averages and recorded to a data file.

Participants wore an accelerometer (Actigraph GT1M)
during the entire inpatient stay, which was removed during
cycling exercise, sleep, and showering. Data from the ac-
celerometer allowed estimation of EE from activity. TDEE
of noncalorimeter days was estimated using activity EE,
previously measured RMR, and EE from both DIT and ex-
ercise as measured in the Cal room (values taken as an aver-
age of the 2 days spent in the room). Again, energy intake
was determined from the diet plans created by the study di-
etician. If a participant left any study foods unconsumed,
CTRC staff weighed the leftovers, and the value was re-
ported to the dietician to allow accurate diet analyses. TDEE
was measured on the Cal room days and estimated on the
non—Cal room days as described previously.

Nitrogen Balance

To determine urinary nitrogen during the inpatient stay,
24-hour urine samples were collected beginning with the
first void on Day 1, and two 10-mL aliquots from the total
collection were frozen and stored for later analysis. The
samples were analyzed for nitrogen by a chemiluminescent
technique (33) using an Antek 7000 Elemental Nitrogen
Analyzer (PAC, Houston, TX). NBAL was calculated as:

NBAL(g) = Nitrogen inatke — (urinary N

8
+fecal N losses + miscellaneous N losses). ®

Because 6.25 g of protein contain an average of 1 g of ni-
trogen, Nintake wascalculated as (proteinintake [grams]/6.25).
Daily miscellaneous N losses and fecal N losses were esti-
mated at 5 mg/kg body weight and 2 g, respectively (34). The
3-day averages of NBAL during PRO and CHO were com-
pared to test the hypothesis that timing milk intake after aero-
bic exercise improves NBAL in older adults. Urinary creatinine
was analyzed to measure completeness of urine collections.
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Collection was considered complete if daily creatinine was
within 2 SDs of each participant’s mean value.

Posttesting

Within 1 week after the inpatient period, participants
reported to CSU and underwent a dual-energy x-ray absorp-
tiometry scan and a final weight measurement.

Statistical Analysis

NBAL is our primary outcome measure. In a previous
study with 5 days of underfeeding (9), the authors reported
a mean decrease of NBAL of 3.3 = 1.0 g/24 hours (mean +
SD). From this result, we have conservatively estimated a
difference of 1.5 g/24 hours for our participants and per-
formed a two-tailed paired ¢ test comparison of EXP with
CON time periods with a significance (o) of .05 and a
power (1 — B) of .95 (DSTPLAN, University of Texas
M. D. Anderson Cancer Center, Department of Biomathe-
matics). The resulting sample size is 8. Therefore, we as-
signed 10 participants per group to account for potential
dropouts. NBAL data, Cal room oxidation data, and pre-
and postbody weight/body composition measurements were
analyzed using student’s paired ¢ tests. Diet-related vari-
ables (free-living, lead-in, inpatient energy, and macronutri-
ent intake) and longitudinal body weight were analyzed
using one-way repeated measures analysis of variance. The
Student Newman—Keuls post hoc test was used to determine
where differences occurred. Variables were tested at a level
of significance of p < .05. Data are presented as mean +
standard error of the mean unless indicated otherwise.

RESULTS

Energy Balance

Total calories and macronutrient intake during free-living
(from 3-day self-reported diet records), lead-in, and inpa-
tient diets are shown in Figure 2A and B. A surplus of 160
kcal (in the form of CHO) was provided during the inpatient
diets due to an error in the nutritional information for the
Kool-Aid beverage. Free-living PAL and inpatient PAL
were not significantly different (Figure 2C). During the in-
patient stay, PAL was consistent across conditions (1.60 *
0.04 in CHO and 1.61 £ 0.04 in PRO). During the lead-in
diet, estimated mean daily energy balance was —103 * 66.4
kcal. Participants were near energy balance during the inpa-
tient stay, with a mean daily energy balance of 196 * 21
kcal. Additionally, energy balance was consistent between
the PRO and CHO trials (Figure 2D).

Body Weight

Body weight remained constant throughout the experi-
mental period (Figure 3), indicating that participants remained
in energy balance.
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Exercise

Average workload of the exercise bouts was 44 + 8.7 W.
The average measured heart rate (Polar FS1, Lake Success,
NY) during the cycling was 106 + 8.5 beats per minute.

Nitrogen Balance

Three-day average NBAL was 57% higher during the
PRO condition than the CHO condition (Figure 4A). In
addition, there was no significant effect of Cal room stay
versus non—Cal room stays (p = .18) or the order of the trials
with the randomized first trial and second trials exhibiting
similar NBAL (Figure 4B).

DiscussioN
In the current study, older participants completed two
3-day periods in which an isocaloric and isonitrogenous
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Figure 3. Daily body weight during inpatient period. Legend indicates indi-
vidual and group means (n = 9).

diet was consumed with only the timing of protein con-
sumption in relation to an exercise bout differing between
the 3-day periods. The primary finding of this study was
that when protein was consumed immediately after easy
to moderate-intensity exercise rather than earlier in the
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Figure 4. Three-day individual and group mean nitrogen balance (NBAL)
by treatment (A) and NBAL of Trial 1 (inpatient Days 1-3) versus Trial 2 (inpa-
tient Days 4-6) independent of treatment (B). Values are means + SEM, n = 9.
*Different than CHO trial (p <.05).
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day, NBAL was more positive. These results indicate that
the timing of protein nutrition is an important consider-
ation in making protein intake recommendations in older
individuals.

Nitrogen Balance

When chocolate milk (PRO) was consumed postexercise,
NBAL was more positive than when the chocolate milk was
taken in the morning and Kool-Aid (CHO) was consumed
postexercise. Thus, there was greater potential for body pro-
tein accretion when PRO ingestion was timed immediately
after exercise, which aligns with previous research on pro-
tein supplementation (18,35). However, body protein mass
does not continue growing indefinitely, and NBAL adapts
when a ceiling for body tissue mass is approached. For ex-
ample, during conditions of strenuous exercise and a 30%
energy surplus, NBAL becomes acutely positive and then
diminishes over time (13). Still, based on the current study,
there is greater potential for NBAL to remain positive when
protein is consumed immediately after exercise. In support
of this, when older women consumed a protein supplement
after resistance exercise, about 0.9 kg fat free mass was
gained over 24 weeks (18). Based on the results of the
current study, consuming protein after aerobic-type exer-
cise may help older individuals achieve a slightly positive
nitrogen/protein balance. Whether this nutritional strategy
results in long-term positive NBAL remains unclear.

Because no direct measurements of protein synthesis or
breakdown were made during this study, it cannot be deter-
mined whether the positive protein balance resulted from
increased synthesis, decreased breakdown, or a combina-
tion thereof. Also, conclusions cannot be drawn about where
the protein accrual occurred. However, based on previous
research, it is surmised that muscle protein synthesis (MPS)
increased in response to the exercise stimulus (36), and the
consumption of leucine-containing chocolate milk opti-
mized this response by increasing MPS beyond the level
reached with carbohydrate alone (37). It has previously
been demonstrated with stable isotopic tracers that short-
term positive muscle protein balance acutely stimulated by
exercise and essential amino acid (EAA) ingestion reflects a
24-hour response (38).

Current Dietary Recommendations

The study diets followed USDA dietary recommenda-
tions for the percentage of total kilocalories that should
come from each macronutrient: 45%—-65% carbohydrate,
20%—-35% tat, and 10%—35% protein (30). Inpatient protein
intake was 1.2 g/kg, which is more than the 0.8 g/kg recom-
mendation for older individuals but representative of a typi-
cal protein intake for this population (39). Indeed, mean
self-reported habitual protein intake was 1.2 £ 0.1 g/kg and
was maintained by the study diet. Thus, the lead-in period
might have been unnecessary for some participants but
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allowed an adaptation period for those with higher or lower
free-living protein intakes. Furthermore, our demonstration
that the order of inpatient stay did not affect NBAL outcomes
strengthens the argument that participants were habituated
to the protein intake in our study.

Whether protein recommendations for older adults
should be higher than 0.8 g/kg remains controversial (6-8).
Regardless, MPS and accretion are blunted in older indi-
viduals when provided the same amount of EAAs as their
younger counterparts (40,41). Adding a higher proportion
of leucine allows MPS to be maximally stimulated in older
individuals (42). Based on the EAA and leucine content of
previous interventions that used milk (43) and whey protein
(44), the chocolate milk beverage consumed by the partici-
pants in the current study contained ~6.8 g EAAs with 1.7 g
leucine. Although ~7 g EAAs does not maximally stimulate
synthesis in older individuals (41,45), the combination of
a leucine-containing protein source with exercise was a
sufficient stimulus to make protein balance more positive
when diet provided adequate protein and energy. The inclu-
sion of milk in dietary protein guidelines would be relatively
simple because it is an easily attained protein source.

Importance of Timing Protein Intake After Exercise

Although exercise and protein nutrition have independent
effects on muscle protein kinetics and NBAL, this study ex-
amined the combination of the two, with particular attention
paid to the timing of the protein intake. The daily exercise
bout completed by participants was 60 minutes of moderate-
intensity (55% VOomax) cycling, fulfilling ACSM recom-
mendations for cardiorespiratory exercise (23). The exercise
was potent enough to provide an anabolic stimulus but
attainable in terms of time, intensity, and expenditure. Free-
living and inpatient PAL were similar and characteristic of
previously studied older populations (46). Exercise at 55%
of VOyax simulates a brisk walking pace and provides an
effective anabolic stimulus, as aerobic exercise at only 40%
of VO, max has been demonstrated to increase MPS (36). Over
the long term, progressive endurance training programs
stimulate some muscle hypertrophy (21), aligning with
NBAL studies that indicate a nitrogen sparing and, thus,
protein accreting effect with aerobic exercise while in
energy balance (13,14). Also, because older individuals most
commonly choose walking as a form of exercise (22), the
proposed exercise intervention is a practical strategy for this
population.

The influence of timed postexercise nutrition on NBAL
was elucidated in a study of young female endurance athletes
(24). Participants underwent two 7-day trials in which they
increased their training volume and either consumed a
mixed-meal beverage (POST) or a noncaloric placebo
beverage (CON) after exercise. As in our study, diet was
replicated during the two trials, so the timing of the bever-
age was the only difference. In Roy and colleagues, intake
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was not adjusted for the EE of exercise, so participants lost
weight over both study periods. Even with the caloric deficit,
there was a strong trend (p = .06) for NBAL (measured
only on Day 5 and Day 6 of each trial) to be more positive
in POST than in CON. Also, body mass declined by only
0.7 £ 0.2 kg in POST compared with 1.4 £ 0.4 in CON. This
study shows that increased exercise levels combined with
postexercise mixed-meal nutrition can influence NBAL to
become more positive and preserve body mass, even in a
small time frame (24).

Although carbohydrate alone after exercise increases
MPS (47), protein and carbohydrate together augment the
stimulus (48). The stimulatory effect of carbohydrate alone
depends on the amount of carbohydrate provided (49).
These data suggest that the unintended additional carbohy-
drate provided by the Kool-Aid beverage might have pro-
duced a more positive N balance than would have occurred
if the Kool-Aid beverage were isocaloric with the chocolate
milk. Despite the additional energy immediately postexercise
during CHO, NBAL was still significantly more positive
in PRO.

Experimental Considerations

For the purpose of this study, NBAL was the appropriate
method because the goal was to integrate responses over a
3-day period rather than acute snapshots afforded by stable
isotope studies, and it allowed for relatively free-living,
yet controlled, conditions. However, it is acknowledged that
measurement issues can sometimes lead to artificially posi-
tive NBAL values (50). For total accuracy, it is necessary to
collect all forms of N excretion, including urine, feces, skin,
sweat, and hair. Due to the impractical nature of such col-
lections, fecal N and other miscellaneous N losses are often
approximated (34), and previous studies have indicated that
these miscellaneous losses do not change in studies similar
to ours (51). On the N intake side, aliquots of food from the
study diets can be analyzed for nitrogen content, which was
not done in this study. However, the exact same food con-
tent was consumed in both conditions, and any measure-
ment errors would be present during both conditions to the
same degree. Therefore, even if the magnitude of positive
NBAL was overestimated, the difference between the two
conditions would remain constant.

Conclusion and Recommendation

Because the development of sarcopenia and loss of body
protein happens gradually, an intervention with the potential
to increase long-term nitrogen/protein balance was exam-
ined. We propose a rethinking of protein recommendations
for older adults that goes beyond absolute quantity. Due
to the potential for long-term positive protein balance and
maintenance of muscle mass, the timing of a high-quality
protein source following exercise should be included as part
of current protein guidelines for the elderly. The accessible
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strategy of milk consumption after low- to moderate-intensity
exercise provides a possible means for increasing nitrogen
and protein balance in older individuals, a population that is
at risk for frailty.
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