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ABSTRACT

MARGOLIS, L.M., J. T. ALLEN, A. HATCH-MCCHESNEY, and S. M. PASIAKOS. Coingestion of Carbohydrate and Protein onMuscle

Glycogen Synthesis after Exercise: AMeta-analysis.Med. Sci. Sports Exerc., Vol. 53, No. 2, pp. 384–393, 2021. Introduction/Purpose: Ev-

idence suggests that carbohydrate and protein (CHO-PRO) ingestion after exercise enhancesmuscle glycogen repletion to a greater extent than

carbohydrate (CHO) alone. However, there is no consensus at this point, and results across studies are mixed, which may be attributable to

differences in energy content and carbohydrate intake relative to body mass consumed after exercise. The purpose of this study was determine

the overall effects of CHO-PRO and the independent effects of energy and relative carbohydrate content of CHO-PRO supplementation on

postexercise muscle glycogen synthesis compared with CHO alone.Methods:Meta-analysis was conducted on crossover studies assessing

the influence of CHO-PRO compared with CHO alone on postexercise muscle glycogen synthesis. Studies were identified in a systematic

review from PubMed and Cochrane Library databases. Data are presented as effect size (95% confidence interval [CI]) using Hedges’ g. Sub-

group analyses were conducted to evaluate effects of isocaloric and nonisocaloric energy content and dichotomized by median relative carbo-

hydrate (high, ≥0.8 g·kg−1⋅h−1; low, <0.8 g·kg−1⋅h−1) content on glycogen synthesis. Results: Twenty studies were included in the analysis.
CHO-PRO had no overall effect on glycogen synthesis (0.13, 95% CI = −0.04 to 0.29) compared with CHO. Subgroup analysis found that

CHO-PRO had a positive effect (0.26, 95% CI = 0.04–0.49) on glycogen synthesis when the combined intervention provided more energy

than CHO. Glycogen synthesis was not significant (−0.05, 95% CI = −0.23 to 0.13) in CHO-PRO compared with CON when matched for

energy content. There was no statistical difference of CHO-PRO on glycogen synthesis in high (0.07, 95% CI = −0.11 to 0.22) or low

(0.21, 95% CI = −0.08 to 0.50) carbohydrate content compared with CHO. Conclusion: Glycogen synthesis rates are enhanced when

CHO-PRO are coingested after exercise compared with CHO only when the added energy of protein is consumed in addition to, not in place

of, carbohydrate. Key Words: ENDURANCE EXERCISE, AEROBIC EXERCISE, EXERCISE RECOVERY, SUPPLEMENT
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ing tasks multiple times per day (1). To maximally stimulate
glycogen synthesis, current sport nutrition recommendations
are to consume 1.2 g of carbohydrate per kilogram body mass
per hour for 4–6 h postexercise (1). Consumption of 0.3 g·kg−1

body mass of a high-quality protein is also recommended to
aid in postexercise recovery by stimulating muscle protein
synthesis and repair (1). Some evidence suggests that coingestion
of carbohydrate and protein (CHO-PRO) after exercisemay stim-
ulate greater glycogen synthesis during recovery compared with
carbohydrate (CHO) alone (2,3). This greater glycogen synthesis
has been attributed to the insulinotropic effects of amino acids, such
as leucine, on pancreatic release of insulin (4,5), resulting in higher
circulating insulin concentrations thereby increasingmuscle glucose
uptakewhenCHO-PRO is consumed comparedwithCHOalone
(6,7). Furthermore, consumingCHO-PRO after exercisemay en-
hance glycogen synthesis to a greater extent than CHO alone by
upregulating markers of glycogen synthase activity (8).

Despite evidence of greater glucose uptake and molecular
regulation of glycogen synthesis, the observed effect of
CHO-PRO ingestion on postexercise glycogen synthesis as

mailto:lee.m.margolis.civ@mail.mil
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FIGURE 1—PRISMA meta-regression search strategy diagram.
compared with CHO alone is inconsistent. Both positive
(9–11) and null (12–14) effects of CHO-PRO ingestion com-
pared with CHO have been reported. The discordant results
across studies may arise because some used isocaloric
CHO-PRO and CHO interventions, whereas others used
nonisocaloric interventions. van Loon et al. (15) reported that
when interventions were matched for carbohydrate and the
addition of protein resulted in greater energy content (i.e.,
nonisocaloric), CHO-PRO increased glycogen synthesis com-
pared with CHO. In the same study, when interventions were
matched for energy content (i.e., isocaloric), glycogen synthe-
sis was similar between CHO-PRO and CHO (15). However,
in a subsequent study by Howarth et al. (13), postexercise gly-
cogen synthesis was similar between CHO-PRO and CHO re-
gardless if interventions were isocaloric or nonisocaloric. These
result may suggests that other factors beyond energy content
might need to be considered when assessing the influence of
CHO-PRO on glycogen synthesis. One such factor is the rela-
tive (g·kg−1 body mass·h−1) amount of carbohydrate con-
sumed in a CHO-PRO supplement (2,3,16). Specifically, the
additive effect of CHO-PRO on glycogen synthesis as compared
with CHO alonemay only be evident when carbohydrate content
is <0.8 g·kg−1⋅h−1 (2,3).When CHO intakes are >0.8 g·kg−1⋅h−1,
glycogen synthesis is already maximally stimulated, thereby ne-
gating any potential effect of added protein (2,3).

The objective of this systematic review and meta-analysis was
to aggregate results from multiple studies to characterize the ef-
fects of CHO-PRO on glycogen synthesis during recovery from
exercise compared with CHO alone. In addition, subgroup anal-
yses were performed to examine if energy content (isocaloric and
nonisocaloric) or carbohydrate content modulates the effects of
CHO-PRO and CHO on glycogen synthesis. We hypothesized
that there would be no overall significant effect in postexercise
glycogen synthesis in CHO-PRO compared with CHO. We
further hypothesized that subgroup analysis would identify in-
creased postexercise glycogen synthesis with higher energy con-
tent (i.e., nonisocaloric) in CHO-PRO compared with PRO.
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METHODS

Literature search strategy. Publication abstracts identi-
fied in PubMed (http://www.ncbi.nlm.nih.gov/pubmed) and
the Cochrane Library (https://www.cochranelibrary.com) were
organized using the Abstrackr citation program (http://
abstrackr.cebm.brown.edu) and reviewed for relevance by re-
searchers (JTA, AHM, and LMM). The initial search took place
on July 12, 2019, and was not restricted by publication date (see
Table, Supplemental Digital Content 1, Search terms used to
identify relevant articles, http://links.lww.com/MSS/C94). A
second search was conducted on March 24, 2020, to assess if
any new relevant manuscripts had been published since the first
searchwas performed. No new articles were identified. The Pre-
ferred Reporting Items for Systematic Reviews andMeta-analyses
(PRISMA) search strategy and further reference narrowing is
described in Figure 1 (17). The population, intervention, con-
trol, and outcome for this meta-analysis were healthy, trained
PROTEIN/CARBOHYDRATE AND MUSCLE GLYCOGEN
or untrained men or women, CHO-PRO, CHO only, and gly-
cogen synthesis, respectively. Reference lists from these pub-
lications were hand searched for relevant manuscripts missed
in the database search. One relevant manuscript (9) was iden-
tified. There were no language restrictions although English
search terms were used. Publications were reviewed and data
were extracted by two researchers (JTA and AHM). The final
decision on manuscript inclusion was conducted by LMM.

Inclusion criteria.Randomized and nonrandomized cross-
over controlled trials assessing the effect of CHO-PRO and
CHO on postexercise muscle glycogen synthesis in healthy,
trained or untrained men or women were included.

Exclusion criteria. Studies were excluded if there was no
exercise or recovery component, if there was no CHO-only
group, or if both groups consumed protein after exercise. Stud-
ies comparing CHO-PRO to CHO for outcomes other than
muscle glycogen synthesis were excluded. To control heteroge-
neity across studies, parallel study designs were excluded (18).

Bias and limitations. Bias was assessed by LMM in ac-
cordance with PRISMA guidelines recommended by Sterne
et al. (19). Ratings including low, some, or high concern of
randomization, intervention, outcomes, and reporting bias were
assigned to each study (see Table, Supplementary Digital Con-
tent 2, Risk of bias for publications included in the meta-
analysis, http://links.lww.com/MSS/C95).

Data extraction.Data were extracted from 20 articles that
met the inclusion and exclusion criteria (9–15,20–32). Three
studies (9,13,15) had multiple groups, comparing isocaloric
and nonisocaloric interventions. Each intervention was treated
as an independent group. The final data extraction was con-
ducted on 23 groups. Sex, age, weight, V̇O2max, and training
status were extracted to provide volunteer descriptive charac-
teristics. Muscle glycogen measurements were extracted from
each study. Energy, carbohydrate, and protein intake from study
interventions were extracted. Data that were not presented
Medicine & Science in Sports & Exercise® 385
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numerically were obtained using an image analysis software
(Image J, version 1.52a; National Institutes of Health, Bethesda,
MD) by digitally measuring the height of data points and
error bars and calculating relative to measured y-axis units
in histograms.

Statistical analysis. Meta-Essentials by van Rhee et al.
(33) with Microsoft Excel 2010 (Microsoft Corp., Redmond,
WA) was used to conduct the meta-analysis. Effect sizes
(ES) for the difference in delta (recovery minus immediately
postexercise) glycogen synthesis were determined as standard
mean difference between CHO-PRO and CHO divided by the
pooled standard deviation. Sample sizes, glycogen mean and
SD, and a correlation coefficient (r) for within-participant
measurements were imputed. Because of a lack of individual
data presented in publications, a correlation coefficient of
r = 0.80 generated from muscle glycogen data by our labora-
tory (34) was used across all studies. To confirm that outcomes
were not the result of our selection of r = 0.80, sensitivity anal-
ysis was conducted imputing an r value at a low of 0.50 and
high of 0.90. There was no difference in our results based on
the select r value. As such, all ES data were calculated using
r = 0.80. To account for heterogeneity, random effects were
applied and ES were generated as Hedges’ g (35). To deter-
mine heterogeneity, bothQ and I2 statistics were used to assess
between-study variations in ES (35). Publication bias was de-
termined using the Egger regression (36). Subgroup analysis
was conducted to assess the influence of energy content (iso-
caloric and nonisocaloric) on postexercise glycogen synthesis.
Additional subgroup analysis was performed using median in-
take across studies to dichotomize carbohydrate content (high,
≥0.8 g·kg−1⋅h−1; low, <0.8 g·kg−1⋅h−1). Glycogen data are pre-
sented as ES (95% confidence intervals [CI]). To confirm re-
sults of subgroup analysis, regression analysis was performed
with ES as the dependent variable and isocaloric or noniso-
caloric energy content, low or high carbohydrate content, rel-
ative carbohydrate intake (g·kg−1⋅h−1), and relative protein
intake (g·kg−1⋅h−1) as independent variables. In addition,
chi-square analysis was used, setting categories as significant
increase in glycogen synthesis (yes or no) and energy content
(isocaloric or nonisocaloric) or carbohydrate intake (high or
low) as categorical data using IBM SPSS Statistics for Windows
Version 26.0 (IBM Corp., Armonk, NY). All other data are pre-
sented asmean values. Statistical significancewas set atP < 0.05.
RESULTS

Study characteristics. A total of 767 studies were iden-
tified and screened for inclusion (Fig. 1). Of these studies, 20
met the inclusion criteria, and within these 20 studies, 176 in-
dividuals participated (158 men and 18 women) (see Table,
Supplemental Digital Content 3, Volunteer characteristics,
http://links.lww.com/MSS/C96). For subgroup analysis, 23
groups were identified, with 10 groups ingesting isocaloric in-
terventions (Table 1) and 13 ingesting nonisocaloric interven-
tions (Table 2). Energy, carbohydrate, and protein intake for
subgroup analyses are presented in Table 3.
386 Official Journal of the American College of Sports Medicine
Glycogen synthesis. Overall, CHO-PRO had no signifi-
cant effect (0.13, 95% CI = −0.04 to 0.29) on glycogen synthesis
during recovery from exercise compared with CHO. There was
substantial (Q = 76, I2 = 71%) heterogeneity across all studies.
In subgroup analysis for energy content, CHO-PRO had a pos-
itive effect (0.26, 95% CI = 0.04–0.49) on glycogen synthesis
when the energy content in CHO-PROwas higher (nonisocaloric)
than CHO (Fig. 2). When the energy content (isocaloric) was
matched, there was no significant effect in CHO-PRO (−0.05,
95% CI = −0.23 to 0.13) compared with CHO (Fig. 2). There
was substantial heterogeneity in nonisocaloric studies (Q = 47,
I2 = 74%) and moderate heterogeneity in isocaloric studies
(Q = 18, I2 = 50%). In subgroup analysis for carbohydrate con-
tent, there was no significant effect of CHO-PRO in high (0.07,
95% CI = −0.11 to 0.25) or low (0.21, 95% CI = −0.08 to 0.50)
carbohydrate content compared with CHO (Fig. 3). Substantial
heterogeneity was detected in high (Q = 31, I2 = 61%) and low
(Q = 44, I2 = 80%) carbohydrate content studies.

Regression analysis identified energy content (isocaloric or
isocaloric) as a significant (P = 0.03) independent variable
explaining 17% (r2 = 0.174) of the variance in glycogen syn-
thesis ES. Carbohydrate content (low or high), relative carbo-
hydrate intake, and relative protein intake were not significant
in the regression analysis model. Similarly, chi-square analysis
was significant (P = 0.03) when categorizing significant in-
crease in glycogen synthesis (yes or no) and energy content
(isocaloric or nonisocaloric). Chi-square analysis was not sig-
nificant when categorizing significant increase in glycogen
synthesis (yes or no) and carbohydrate content (high or low).

Publication bias. Publication bias was identified (P = 0.03)
in the 23 groups included in this meta-analysis (see Figure, Sup-
plemental Digital Content 4, Funnel plots of publication bias,
http://links.lww.com/MSS/C97). No publication bias was identi-
fied (P = 0.35) in assessing isocaloric studies alone. Publication
bias was identified (P = 0.03) when assessing nonisocaloric stud-
ies alone. Publication bias was driven by positive effects reported
in multiple studies (9–11,15). No publication bias was identified
in the overall data set (P = 0.81) or nonisocaloric subgroup
(P = 0.85) when these studies were removed from the data set.
However, there did not appear to be any inherit experimental or
methodological flaws to warrant exclusion of these studies from
the current investigation. Rather publication bias appeared to be
the result of studies reporting only positive or null effects, with
no studies reporting negative effects. As such, these investiga-
tions were included in the final analysis.
DISCUSSION

The primary outcome of this meta-analysis was that coingestion
of CHO-PRO had no overall significant effect on postexercise
glycogen synthesis compared with CHO alone. When studies
were dichotomized into high or low relative carbohydrate
intake, CHO-PRO had no significant effect on glycogen
synthesis compared with CHO. However, postexercise glyco-
gen synthesis was enhanced when the combined CHO-PRO
treatment provided more total energy than CHO alone. These
http://www.acsm-msse.org
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TABLE 3. Energy, protein, and carbohydrate intake for subgroup analysis.

Subgroup Treatment Energy (kcals) Carbohydrate (g) Protein (g) Carbohydrate (g·kg−1⋅h−1) Protein (g·kg−1⋅h−1)

Isocaloric CHO 1093 ± 469 268 ± 120 – 0.86 ± 0.34 –

CHO-PRO 1093 ± 469 195 ± 84 70 ± 45 0.63 ± 0.24 0.22 ± 0.14
Nonisocaloric CHO 848 ± 485 212 ± 121 – 0.84 ± 0.41 –

CHO-PRO 1128 ± 613 214 ± 117 67 ± 43 0.85 ± 0.39 0.26 ± 0.14
High carbohydrate CHO 1208 ± 483 302 ± 117 – 1.10 ± 0.27 –

CHO-PRO 1409 ± 519 262 ± 100 90 ± 43 0.98 ± 0.28 0.33 ± 0.12
Low carbohydrate CHO 625 ± 256 151 ± 59 – 0.52 ± 0.19 –

CHO-PRO 727 ± 263 134 ± 45 40 ± 21 0.46 ± 0.15 0.24 ± 0.14

Values are presented as mean ± SD. High carbohydrate, ≥0.8 g·kg−1⋅h−1; low carbohydrate, <0.8 g·kg−1⋅h−1.
data indicate that increasing the energy content of postexercise
nutrition by adding protein to carbohydrate, and not replacing
carbohydrate for protein, is likely a primary stimulus for
enhanced glycogen synthesis during recovery from exercise
when CHO-PRO are consumed together.

Our meta-analysis demonstrated a significant positive effect
of combined CHO-PRO ingestion when the treatment provided
more energy than CHO alone. Our findings are in agreement
with van Loon et al. (15), who assessed postexercise glycogen
synthesis in individuals consuming 0.8 g CHO·kg−1⋅h−1

(low CHO), 1.2 g CHO·kg−1⋅h−1 (high CHO), or 0.8 g
CHO·kg−1⋅h−1 + 0.4 g PRO·kg−1⋅h−1 (CHO-PRO). In the
study of van Loon et al. (15), postexercise glycogen synthesis
was greater after ingesting CHO-PRO compared with lowCHO
(nonisocaloric comparison), but not different than high CHO
(isocaloric comparison). The authors suggested that the greater
glycogen synthesis rates observed after ingesting CHO-PRO
FIGURE 2—Values are presented as ES (95% CI) stratified by energy content.

PROTEIN/CARBOHYDRATE AND MUSCLE GLYCOGEN
compared with the lower energy low CHO treatment was due
to an 88% higher postprandial insulin response (15). The
greater insulin response with CHO-PRO would, in theory,
enhance GLUT4 translocation, glucose uptake, and glycogen
synthase activity (15,37). Although van Loon et al. did not
explore these mechanisms, data from small animal studies
support this hypothesis and show that amino acids alone can
increase AKT and AS160 phosphorylation status, which are up-
stream regulators of GLUT4 translocation (38,39). However,
no studies have clearly delineated the mechanistic effects of
the additional energy content in combined CHO-PRO ingestion
from the potential insulinotropic effects provided by protein. The
study of van Loon et al. and our aggregate results do show that
whenCHO-PRO andCHO are matched for total energy, there
is no direct benefit of displacing carbohydrate for protein.
By contrast, adding protein to matched amounts of carbohy-
drate will enhance glycogen synthesis.
Medicine & Science in Sports & Exercise® 389
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FIGURE 3—Values are presented as ES (95% CI) stratified by median relative carbohydrate content (high carbohydrate, ≥0.8 g·kg−1⋅h−1; low carbohy-
drate, <0.8 g·kg−1⋅h−1).
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Dichotomizing studies by high (≥0.8 g·kg−1⋅h−1) or low
(<0.8 g·kg−1⋅h−1) relative carbohydrate intake in the current
meta-analysis had no significant effect on glycogen synthe-
sis in CHO-PRO compared with CHO. This result appears
to contradict previous assertions that insulinotropic effects
of dietary protein may only be observed when postexercise
carbohydrate intake is <0.8 g·kg−1⋅h−1 (2,3). However, our
analysis may not definitively rule out an improvement in
glycogen synthesis when coingestion of protein occurs with
lower relative carbohydrate intake. Because of a limited
number of studies, we could not conduct subgroup analysis
on high and low relative carbohydrate intake between isoca-
loric and nonisocaloric studies. Similarly, there is no indi-
vidual study that has used a multigroup approach to assess
the effect of CHO-PRO compared with CHO using high
and low carbohydrate with isocaloric and nonisocaloric in-
terventions. Furthermore, although not statistically signifi-
cant, the ES was higher in low (0.21) compared with
high (0.07) relative carbohydrate subgroups, suggesting
that there may be some benefit of CHO-PRO on glycogen
synthesis when carbohydrate intake is <0.8 g·kg−1⋅h−1.
Further investigation is needed to gain an understanding
how manipulating both carbohydrate and energy intake
(high energy [high CHO + PRO, low CHO + PRO]; low en-
ergy [high CHO + PRO, low CHO + PRO]) affects muscle gly-
cogen synthesis.
390 Official Journal of the American College of Sports Medicine
Moderate to substantial levels of heterogeneity were observed
across studies in the overall and subgroup analysis. Heteroge-
neity between studies is common and unavoidable with most
meta-analysis (40). Differences in exercise mode (running vs
cycling vswhole-body resistance exercise), assessment ofmuscle
glycogen (dry muscle mass vs wet muscle mass vs 13C-magnetic
resonance spectroscopy), carbohydrate and protein sources, post-
exercise recovery duration, and timing of supplement intake
may have contributed to the observed heterogeneity. Subgroup
analysis identified that the use of isocaloric versus nonisocaloric
interventions resulted in different ES, suggesting that the differ-
ences in study interventions explain some degree of the overall
variance between studies. In addition, caution should be taken
when high levels of heterogeneity are detected if the direction
of individual study ES (e.g., positive or negative) vary across
studies and/or when individual CI do not overlap. Given that
all studies included in the current meta-analysis reported a
null or positive effect of CHO-PRO compared with CHO and
that the majority of CI overlapped between studies, it is un-
likely that the level of variance interfered with the present results
and interpretations.

Although consuming isocaloric CHO-PRO and CHO pro-
moted the same glycogen synthesis rates in recovery from ex-
ercise, a secondary advantage of coingesting carbohydrate and
protein, which is often overlooked in the context of aerobic ex-
ercise, is the primary effects of protein on muscle protein
http://www.acsm-msse.org
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synthesis (41). There is no debate that increases in extracellu-
lar and intracellular amino acids when consuming CHO-PRO
postexercise increases muscle protein synthesis to a greater
extent than CHO (13,28). The fact that lower carbohydrate
intake with isocaloric CHO-PRO does not impair postex-
ercise glycogen synthesis, and that ingesting PRO will in-
crease muscle protein synthesis, indicates that CHO-PRO can
produce improved overall muscle recovery (i.e., glycogen
synthesis, repair, remodeling, and protein accretion) from ex-
ercise compared with CHO alone. In the current study, similar
glycogen synthesis rates were achieved despite a ~30% lower
carbohydrate intake in CHO-PRO compared with CHO. In
the context of current recommendations to consume carbo-
hydrate at 1.2 g·kg−1⋅h−1 to replenish glycogen stores post-
exercise, the present analysis indicates that carbohydrate can
be consumed at 0.9 g·kg−1⋅h−1 and protein at 0.3 g·kg−1⋅h−1.
Matching energy intake at 1.2 g·kg−1⋅h−1 with coingestion
of CHO-PRO ensures adequate glycogen synthesis and that
postexercise protein requirements (0.25–0.3 g protein per
kilogram per meal postexercise) (1) are met to optimize muscle
protein recovery.

The results of this meta-analysis should be interpreted in the
context of the population and environment in which data were
collected. The studies included in the current meta-analysis
were performed under well-controlled laboratory settings.
Failure to consider the environmental conditions under which
skeletal muscle recovers and the necessity for postexercise
fueling may limit the extension of our analysis. For example,
recovery in environmental extremes such as heat and cold re-
sults in reduced postexercise glycogen synthesis (42,43). In
addition, unacclimatized exposure to environmental condi-
tions, such as heat and high altitude, increase glycogenolysis
and decrease the use of exogenous carbohydrate for fuel dur-
ing aerobic exercise (44,45). These changes in postexercise
glycogen synthesis, glycogenolysis, and exogenous glucose
oxidation during and in recovery from exercise may affect
postexercise recovery nutritional needs. However, the effect
of CHO-PRO on glycogen synthesis postexercise under envi-
ronmental extremes, such as heat, cold, and high altitude, has
not been examined. In addition, individual studies were pri-
marily conducted using male participants. Some research has
indicated that substrate oxidation differs by sex, with women
oxidizing more fat and less carbohydrate compared with men
during aerobic exercise (46–49). However, there appear to be
minimal differences between sex postexercise, with men and
women exhibiting similar rates of glycogen synthesis postexer-
cise (30,50). This may suggest similar response in men and
women to CHO-PRO on glycogen synthesis postexercise. It
should also be noted that these studies were primarily conducted
with participants in a fasted state. Glycogen oxidation during
exercise is lower in fed compared with fasted states and affects
the rate of postexercise glycogen synthesis (51). It is unclear if
consuming a meal before exercise would affect the influence
of CHO-PRO on postexercise glycogen synthesis. Future in-
vestigation is needed to assess the application of recovery nu-
trition prescriptions for how environment, sex, and feeding
PROTEIN/CARBOHYDRATE AND MUSCLE GLYCOGEN
state (fasted or fed) may alter response to CHO-PRO on post-
exercise glycogen synthesis.

Although outside the scope of the current meta-analysis, in-
creased glycogen synthesis with nonisocaloric CHO-PRO is
uncertain, as limited studies assess both muscle glycogen and
physical performance. In the current meta-analysis, Williams
et al. (10) was the only study using a nonisocaloric intervention
to assess both glycogen synthesis and physical performance,
reporting a 55% increase in time-to-exhaustion performance
immediately after the 4-h recovery period in CHO-PRO com-
pared with CHO. However, recent systematic reviews have
stated that there is no overall benefit to physical performance
when consuming CHO-PRO compared with CHO (52,53). It
should be noted that these systematic reviews included perfor-
mance after consumption of isocaloric and nonisocaloric
CHO-PRO compared with CHO. As isocaloric CHO-PRO sup-
plementation did not result in a significant increase in glycogen
synthesis postexercise compared with CHO in the current meta-
analysis, an ergogenic effect would not be anticipated. Similar
to glycogen synthesis, the consumption of protein at the ex-
pense of carbohydrate was not reported to result in a negative
effect on physical performance in past systematic reviews
(52,53). Again this suggests that some carbohydrate can be re-
placed with dietary protein postexercise to obtain the benefit
of protein on muscle mass.

CONCLUSION

In conclusion, results from this meta-analysis indicate that
postexercise glycogen synthesis is enhanced by a higher en-
ergy intake when coingesting CHO-PRO compared with the
same amount of CHO alone. Equally important is our observa-
tion that ingesting CHO-PRO did not impair muscle glycogen
synthesis when compared with an isocaloric amount of CHO
only. As such, we contend that matching the energy content
provided in current sport nutrition recommendations for opti-
mal glycogen recovery of 1.2 g·kg−1⋅h−1 by lowering carbohy-
drate (0.9 g·kg−1⋅h−1) and adding back the equivalent amount
of protein (0.3 g·kg−1⋅h−1) may yield the most complete post-
exercise recovery by not only maximizing glycogen synthesis
but also by stimulating muscle protein synthesis.
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