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ABSTRACT
Background: Recent studies have shown that circulating branched-
chain amino acids (BCAAs) are elevated in obese, insulin-resistant
individuals. However, it is not known if supplementation of
additional BCAAs will further impair glucose metabolism.
Objectives: The aim of this pilot study was to determine the effects of
BCAA supplementation on glucose metabolism in obese, prediabetic
individuals.
Methods: This is a randomized crossover study involving 12 obese
individuals with prediabetes. Participants were randomly assigned
to receive a daily supplement containing either 20 g BCAA or
protein low in BCAAs for 4 wk with a 2-wk washout in between.
At each visit, an oral-glucose-tolerance test (OGTT) was performed.
Collected blood samples were used to measure glucose, insulin, and
insulin resistance–associated biomarkers.
Results: BCAA supplementation tended to decrease the plasma
glucose area under the curve (AUC) measured by the OGTT
(AUC percentage change from supplementation baseline, BCAA:
−3.3% ± 3%; low-BCAA: 10.0% ± 6%; P = 0.08). However,
BCAA supplementation did not affect plasma insulin during OGTT
challenge (BCAA: −3.9% ± 8%; low-BCAA: 14.8% ± 10%;
P = 0.28). The plasma concentrations of nerve growth factor
(BCAA: 4.0 ± 1 pg/mL; low-BCAA: 5.7 ± 1 pg/mL; P = 0.01) and
monocyte chemoattractant protein-1 (BCAA: −0.4% ± 9%; low-
BCAA: 29.0% ± 18%; P = 0.02) were significantly lowered by
BCAA supplementation compared to low-BCAA control. Plasma
interleukin 1β was significantly elevated by BCAA supplemen-
tation (BCAA: 231.4% ± 187%; low-BCAA: 20.6% ± 33%;
P = 0.05). BCAA supplementation did not affect the circulating
concentrations of the BCAAs leucine (BCAA: 9.0% ± 12%; low-
BCAA: 9.2% ± 11%), valine (BCAA: 9.1% ± 11%; low-BCAA:
12.0% ± 13%), or isoleucine (BCAA: 2.5% ± 11%; low-BCAA:
7.3% ± 11%).
Conclusions: Our data suggest that BCAA supplementation did not
impair glucose metabolism in obese, prediabetic subjects. Further
studies are needed to confirm the results seen in the present

study. This study was registered at clinicaltrials.gov as
NCT03715010. Am J Clin Nutr 2019;109:1569–1577.
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Introduction
Type 2 diabetes mellitus (T2DM) affects 30 million people

in the United States (1), and this number is projected to
increase to >55 million in the next 10 y (2). T2DM, which
is strongly associated with obesity, is associated not only
with increased risks for cardiovascular disease and cancer, but
also with increased healthcare costs. Efforts to understand the
pathophysiology of T2DM have focused on the interaction
between lipid metabolism and glucose metabolism (3). However,
there is increasing evidence suggesting that insulin resistance
and T2DM are also associated with dysregulation of branched-
chain amino acid (BCAA) metabolism, resulting in elevated
circulating BCAAs (4). Whether elevated circulating BCAAs are
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a contributing cause or a secondary effect of T2DM remains
unclear.

The BCAAs leucine, valine, and isoleucine are essential
amino acids that play important roles in signaling pathways. For
example, leucine is one key regulator of the mammalian target of
rapamycin signaling, which is the central component of a com-
plex signaling network for protein synthesis, cell proliferation,
and insulin signaling (5). BCAAs are usually metabolized in the
skeletal muscle by branched-chain aminotransferase to form first
branched-chain α-keto acids (BCKAs) and then branched-chain
ketoacid dehydrogenases (BCKDs), to form metabolites that
participate in anaplerosis. Recent studies have demonstrated that
increased circulating BCAA concentrations, likely due to BCKD
dysfunction, are positively associated with obesity and T2DM in
humans (6–9). Animal and human studies have also demonstrated
that dietary BCAAs could be a contributing cause to impaired
glucose metabolism (10–12). However, other studies reported a
negative association between dietary BCAA intake and T2DM
risk (13), and that dietary protein intake does not necessarily have
a positive correlation with insulin resistance. Therefore, studies
of BCAAs and T2DM demonstrate inconsistent associations
between BCAAs and glucose metabolism. Whey protein, rich
in BCAAs, is widely used to control or lose weight in this
population, making studies of BCAAs in obesity and prediabetes
clinically significant.

In our current crossover study, obese, prediabetic subjects were
supplemented with 20 g/d of either BCAAs or rice protein low in
BCAAs (4 g BCAAs/d for 4 wk in a randomized sequence, with a
2-wk washout period in between). An oral-glucose-tolerance test
(OGTT) was performed before and after each supplementation.
The primary outcome measures were plasma glucose and insulin
in response to the OGTT, whereas the secondary outcome
measures were plasma insulin resistance–associated biomarkers,
plasma BCAAs and BCKAs, body weight, body fat, muscle mass,
and vitals including blood pressure and heart rate.

Methods

Study design

We conducted a randomized, 2-arm, open-label crossover
study with 12 obese, prediabetic subjects at the Center for Human
Nutrition, University of California, Los Angeles, CA. The study
was carried out in accordance with the guidelines of the Human
Subjects Protection Committee of the University of California,
Los Angeles. The clinical protocol was approved by the Internal
Review Board of the University of California, Los Angeles. All
subjects gave written informed consent before the study began.
This study was registered at clinicaltrials.gov as NCT03715010.

The study (Figure 1) consisted of a 2-wk run-in phase before
the baseline. Twelve participants were randomly assigned to be
supplemented with either BCAA powder (20 g BCAAs/serving)
or rice protein low in BCAAs (4 g BCAAs/serving), as
control, and were asked to consume 1 serving/d for 4 wk. Our
randomization algorithm involved sampling probability values
from the uniform distribution without replacement, and allocating
drawn probabilities to the group assignment. Permuted block
design was used with sampling of 8 per block for a total
number of 2 blocks. After the 4-wk supplementation phase, the

participants went into a 2-wk washout phase, during which they
stopped consuming BCAA or low-BCAA supplements. After
the washout period, the participants were then provided with
the other supplement in a crossover fashion, i.e., either low-
BCAA or BCAA supplements for another intervention of 4 wk.
The participants were also asked to maintain a consistent diet,
especially consumption of BCAA-rich products, throughout the
entire study period. OGTTs and body composition measurements
were performed before and after the 4-wk interventions (at weeks
0, 4, 6, and 10).

The BCAA powder used was LifAmino Vegan Instantized
BCAA powder (Scientific Living). NutriBiotic Vanilla Rice
Protein powder (NutriBiotic) served as the control low-BCAA
supplement. Nutrient information for both powders is shown in
Table 1.

Study participants

Eligible subjects were between 20 and 65 y of age at screening,
had fasting blood glucose concentrations of ≥100 but <126
mg/dL or glycated hemoglobin ≥5.7% but ≤6.4%, and waist
circumferences of ≥40 inches (101.6 cm) for men and ≥35 inches
(88.9 cm) for women. A medical history, blood chemistry, and
hematology profile were obtained at screening to exclude subjects
with diabetes mellitus, uncontrolled hypertension, liver, kidney,
and cardiovascular disease, taking medications that interfere
with glucose metabolism, and anyone who is unable to follow
protocol.

Three individuals dropped out due to noncompliance. Their
data were not included in the statistical evaluation. The remaining
subjects consisted of 12 obese, prediabetic patients (5 men and
7 women), who completed both phases of the crossover study.
The patients were a heterogeneous population (7 white, 4 African
American, and 1 Asian) and lived in Los Angeles, California. In
general, no adverse events or side effects were observed. The
initial recruitment date was July 1, 2016 and the study ended
January 9, 2018.

Body composition

Body composition was measured with a Tanita BC418 body-
fat analyzer (Tanita Corp.). Body composition was tracked at
baseline and after 4 wk of BCAA supplementation and at baseline
of the second supplementation and after 4 wk of low-BCAA
supplementation.

OGTT

After an overnight fast (10–12 h), a basal blood draw was
obtained as 0 min, followed by a 75-g glucose cola administration
to the participants. Subsequent blood samples were obtained 30,
60, and 120 min afterwards. Plasma was separated from whole
blood by centrifugation (910 × g, 15 min at 15 ◦C), frozen, and
kept at −80 ◦C. The insulin resistance index assessed by HOMA-
IR was calculated as follows (14): [fasting blood glucose (mg/dL)
× fasting plasma insulin (μIU/mL)]/405.

Blood biochemical analysis

Blood samples were collected and coded to protect patient
confidentiality. Plasma glucose and insulin were measured in the
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FIGURE 1 Screening, enrollment, random assignment, follow-up, and analysis of samples of the study participants. BCAA, branched-chain amino acid.

UCLA Biomarker Laboratory. Plasma glucose was determined
with a glucose assay kit (Cayman Chemical Company). Plasma
insulin, nerve growth factor (NGF), leptin, TNF-α, IL-1β,
IL-6, IL-8, and monocyte chemoattractant protein-1 (MCP-1)
were determined with a MILLIPLEX map kit (EMD Millipore),
and data were captured and processed with a Luminex 200
instrument with xPonent software.

Plasma was also used to determine circulating concentrations
of BCAAs (leucine, isoleucine, and valine) and BCKAs, such
as α-ketoisocaproate (KIC), α-ketoisovalerate (KIV), and α-
ketomethylvalerate (KMV). Following derivatization of BCAA

with a Waters AccQ-Fluor Reagent Kit, and BCKA with 4-
nitro-1,2-phenylenediamine, these compounds were analyzed by
HPLC as described by Zhang et al. (15).

Statistical analysis

The estimated sample size for our intervention was n = 12.
Our sample size calculation was based on Pal and Ellis (16), who
studied whey supplementation containing >20 g BCAA/d in 22
subjects with the use of a crossover design to compare whey with
turkey and tuna supplementation. We employed the difference
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TABLE 1 Nutrient composition of the BCAA and low-BCAA (rice protein powder) supplements1

Supplement
Serving
size, g

Calories,
kcal Protein, g

Carbohydrate,
g Fat, g Leucine, g

Isoleucine,
g Valine, g

Soy
lecithin, g

Total
BCAA

BCAA powder 20 78 20 0 0 10 5 5 ≤ 1 20
Rice protein powder 25 100 20 3.3 0 1.82 1.167 1.2 0 4.19

1BCAA, branched-chain amino acid.

between the AUC observed for their whey and turkey meals
to construct our power calculation which included accounting
for the crossover. Given the difference they observed and the
SD derived from the SE, 12 subjects was a sufficient sample
size to provide 83% power (α = 0.05) to observe a similar
difference between supplementations in a crossover design with
2 different supplementations, i.e., our BCAA and low-BCAA
supplementations.

Data were entered into Microsoft Excel and imported into SAS
version 9.4. Data were structured to reflect the crossover design
where BCAA or low-BCAA supplementation occurred in the first
supplementation period, followed by the corresponding supple-
mentation. We captured the timed measurements of glucose and
insulin at 4 points, i.e., 0, 30, 60, and 120 min following challenge
at baseline, and at the end of each supplementation period.
The remaining outcome variables were assessed with the use of
baseline means and means following the supplementation period.
Evaluations were conducted within subjects and between groups.
Model constructs were developed for supplementation, period,
and sequence. Supplementation effects were evaluated with the
use of both ANOVA and repeated-measures ANOVA for a 2-
period crossover design. Repeated-measures models evaluated
the OGTT outcome values over the 4 time points at baseline and
at the end of intervention. Both sets of models were adjusted
for period and sequence. All estimates presented are adjusted.
We evaluated the hypotheses for equal-outcome mean differences
according to supplementation with the use of the F statistic at a
2-tailed significance level (17).

Results

Subject characteristics

Figure 1 shows a flow diagram of the participants according
to the CONSORT (Consolidated Standards of Reporting Trials)
guidelines. Table 2 shows the baseline and final characteristics of
the participants in the study. All baseline differences according
to assigned supplementation sequence were nonsignificant. We
observed no significant differences for body weight, fat mass,
muscle mass, BMI, fasting blood glucose, fasting insulin, and
HOMA-IR after either BCAA or low-BCAA supplementation
(Table 2). BCAA supplementation tended to decrease plasma
glucose AUC as measured by the OGTT (P = 0.08), whereas
systolic blood pressure was significantly increased after BCAA
supplementation (P = 0.02).

Plasma glucose and insulin

An OGTT was conducted at baseline and after 4 wk of
supplementation with either BCAA or low-BCAA (Figure 2A–

D). Serum glucose during the OGTT was evaluated from the
AUC at 0, 30, 60, 90, and 120 min. BCAA supplementation
tended to decrease plasma glucose AUC determined as the
percentage change from baseline (BCAA: −3.3% ± 3%; low-
BCAA: 10.0% ± 6%; P = 0.08) (Figure 2C). However, BCAA
supplementation did not affect plasma insulin during the OGTT
(BCAA: −3.9% ± 8%; low-BCAA: 14.8% ± 10%; P = 0.28)
(Figure 2D).

Plasma adipokine concentrations

Adipose tissue inflammation is an important contributor to
obesity-associated insulin resistance and we were interested
in exploring whether BCAA supplementation would improve
insulin resistance by mediating adipose tissue inflammatory sta-
tus. We measured plasma adipokine and inflammatory cytokine
concentrations of leptin, NGF, TNF- α, IL-1β, IL-6, IL-8, and
MCP-1. A portion of the cytokines were reduced by BCAA
supplementation but not all. The plasma NGF concentration
was significantly lowered by BCAA supplementation compared
with low-BCAA supplementation (BCAA: 4.0 ± 1 pg/mL; low-
BCAA: 5.7 ± 1 pg/mL; P = 0.01) (Figure 3). In addition,
plasma MCP-1 was significantly decreased by BCAA supple-
mentation (BCAA: −0.4% ± 9%; low-BCAA: 29.0% ± 18%,
P = 0.02) (Figure 4). Plasma IL-1β was significantly elevated
by BCAA supplementation (BCAA: 231.4% ± 187%; low-
BCAA: 20.6% ± 33%; P = 0.05) (Figure 5). Plasma leptin,
IL-6, IL-8, and TNF-α were not significantly affected by BCAA
supplementation (Supplemental Figures 1–4).

Plasma concentrations of BCAAs and related metabolites

Plasma concentrations of BCAAs (leucine, valine, and
isoleucine) and associated metabolites, i.e., the BCKAs KIC,
KIV, and KMV, were measured. BCAA supplementation did
not affect the circulating concentrations of the BCAAs leucine
(BCAA: 9.0% ± 12%; low-BCAA: 9.2% ± 11%), valine
(BCAA: 9.1% ± 11%; low-BCAA: 12.0% ± 13%), isoleucine
(BCAA: 2.5% ± 11%; low-BCAA: 7.3% ± 11%) (Figure
6) or the BCKAs KIC (BCAA: 11.2% ± 5%; low-BCAA:
10.9% ± 6%), KIV (BCAA: 13.0% ± 5%; low-BCAA:
14.9% ± 7%), and KMV (BCAA: 1.9% ± 7%; low-BCAA:
12.9% ± 7%) (Figure 7).

Discussion
Recent studies have reported that circulating BCAAs and

associated metabolites were positively associated with HOMA-
IR (18) and an increased risk of T2DM (19). Increased circulating
BCAAs may be one cause of insulin resistance, but this
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TABLE 2 Effects of BCAA supplementation on metabolic parameters in obese, prediabetic subjects1

Low-BCAA BCAA
Baseline P

values
Postintervention P

valuesBaseline Week 4 Baseline Week 4

Body weight, kg 97.2 ± 3.1 97.3 ± 3.1 97.1 ± 3.0 97.3 ± 3.1 0.98 0.64
Body fat, kg 38.6 ± 2.6 39.1 ± 2.9 39.0 ± 2.8 39.0 ± 2.9 0.93 0.45
Muscle mass, kg 56.7 ± 3.0 56.7 ± 3.3 56.6 ± 3.2 56.8 ± 3.3 0.99 0.95
BMI, kg/m2 34.3 ± 1.0 34.3 ± 1.0 34.2 ± 1.0 34.3 ± 1.0 0.99 0.87
Systolic blood pressure, mmHg 116.5 ± 3.8 118.1 ± 4.2 120.1 ± 3.8 130.8 ± 3.6 0.16 0.02
Diastolic blood pressure, mmHg 76.3 ± 2.3 79.1 ± 2.5 77.7 ± 2.9 81.5 ± 3.1 0.49 0.28
Fasting blood glucose,2 mg/dL 97.6 ± 4.73 96.9 ± 2.3 96.2 ± 2.2 96.8 ± 4.4 0.64 0.08
Fasting insulin,2 μIU/mL 17.1 ± 2.53 32.4 ± 16.6 24.0 ± 7.4 18.3 ± 4.9 0.82 0.28
HOMA-IR2 4.2 ± 0.73 8.2 ± 4.4 6.0 ± 2.0 4.8 ± 1.7 0.69 0.33

1Data are expressed as mean ± SE (n = 12). Statistical comparisons were performed with the use of ANOVA with a 2-period crossover design to
compare within-subject and between-subject supplementation of either low-BCAA or BCAA powder supplements. P values are 2-sided and presented for
mean group differences at baseline and postintervention by the BCAA group. BCAA, branched-chain amino acid; OGTT, oral-glucose-tolerance test.

2Baseline and postintervention P values from repeated-measures analysis of variance models with 2-period crossover design based on outcomes derived
from the OGTT (at 0, 30, 60, 120 min).

3OGTT means at time 0 for baseline and at time 0 after intervention.

hypothesis remains unclear despite several mechanistic studies
(6, 20). Our study design—increasing BCAA consumption in the
diet of obese, prediabetic patients—was intended to examine the
interaction between BCAAs and insulin resistance. We observed

that dietary supplementation of BCAAs tended to decrease
plasma glucose elevation during an OGTT.

BCAAs also decreased circulating NGF concentrations. NGF
is regarded as an adipokine (21), and can be upregulated in

FIGURE 2 BCAA supplementation tended to improve glucose metabolism in obese, prediabetic subjects. OGTT was performed before and after
supplementation of BCAA and low-BCAA interventions in a crossover fashion. (A) Plasma glucose response during OGTT. (B) Plasma insulin response during
OGTT. (C) Plasma glucose AUC percentage changes normalized to the supplementation baseline. (D) Plasma insulin AUC percentage changes normalized
to the supplementation baseline. Data are mean ± SE (n = 12). P values were derived from repeated-measures ANOVA with the use of a 2-period crossover
design with P < 0.05 representing the test for significance. (C) BCAA supplementation tended to decrease the plasma glucose AUC (as percentage change
normalized to supplementation baseline) during OGTT (P = 0.08). BCAA, branched-chain amino acid; OGTT, oral-glucose-tolerance test.
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FIGURE 3 BCAA supplementation resulted in significantly decreased
plasma NGF concentrations. The figure shows the fasting plasma NGF
concentration before (baseline) and after (final) BCAA supplementation with
BCAA and low-BCAA powder supplements. Data are mean ± SE (n = 12). P
values were derived from ANOVA with the use of a 2-period crossover design,
P < 0.01. BCAA, branched-chain amino acid; NGF, nerve growth factor.

obese individuals with type 2 diabetes (22). Our data showed
that BCAA supplementation induced a decrease in fasting
circulating NGF, in conjunction with lowered glucose and insulin
concentrations, during an OGTT. This suggested an inverse
association between circulating NGF and glucose metabolism. In
support of this, BCAA supplementation has been found to lead
to decreased NGF expression from the hippocampus in rats (23).
Interestingly, there is evidence demonstrating that rosiglitazone,
an antidiabetic peroxisome proliferator-activator receptor γ

agonist, when used for in vitro treatment of adipocytes, can lead
to a significant decrease in NGF expression in a dose-dependent
manner (24). This may indicate that BCAA supplementation acts
via a similar mechanism to that of rosiglitazone in regulating

FIGURE 4 BCAA supplementation resulted in significantly decreased
plasma MCP-1 concentrations. The figure shows the fasting plasma MCP-1
concentration before (baseline) and after (final) BCAA supplementation with
BCAA and low-BCAA powder supplements. Data are mean ± SE (n = 12).
P values were derived from ANOVA with the use of a 2-period crossover
design, P < 0.05. BCAA, branched-chain amino acid; MCP-1, monocyte
chemoattractant protein-1.

FIGURE 5 BCAA supplementation resulted in significantly increased
plasma IL-1β concentrations. The figure shows the fasting plasma IL-1β

concentration before (baseline) and after (final) BCAA supplementation with
BCAA and low-BCAA powder supplements. Data are mean ± SE (n = 12).
P values were derived from ANOVA with the use of a 2-period crossover
design, P < 0.05. BCAA, branched-chain amino acid.

glucose metabolism. Nevertheless, the mechanisms of how
BCAAs improve glucose metabolism by regulating NGF remain
to be further studied.

In addition, we also showed that there was a significant
decrease in circulating MCP-1 following BCAA supplementa-
tion. MCP-1 contributes to chronic inflammation and insulin
resistance via macrophage recruitment. Decreasing MCP-1 in
animals reduces insulin resistance (25). The improvement of
glucose metabolism from BCAA supplementation may have
been partially due to a significant decrease in circulating MCP-
1 concentrations. In support of this, prior evidence shows that
BCAA supplementation in obese mice downregulates MCP-1
mRNA expression in adipose tissue (26).

Although it has been proposed that elevated circulating
BCAA concentrations in insulin-resistant individuals result from
increased dietary consumption of BCAA-rich proteins, we
demonstrated that supplementation of additional dietary BCAA
did not cause an increase in circulating BCAAs, indicating that
circulating BCAA concentrations are tightly regulated, and that
dietary BCAA consumption is not likely the cause of elevated
BCAAs in insulin-resistant individuals. In addition, clinical
studies suggest that dietary protein has only a small association
with the risk of developing T2DM, and dietary protein intake
does not correlate with HOMA-IR in diabetic subjects (11, 12).
It is interesting to note that circulating BCAA concentrations
could also be affected by the gut microbiome. For example, the
gut microbiota has the ability to utilize/metabolize amino acids,
including BCAAs, to synthesize bacterial-derived short-chain
fatty acids, and may regulate the health status of the host (27).
Therefore, it is plausible that the obese, prediabetic subjects in
our study may have a different gut microbiome that could regulate
circulating BCAAs. This might also explain the improvement in
glucose metabolism caused by BCAA supplementation in those
subjects.

It has been suggested that dysfunction of BCKDs in adipose
tissue could contribute to increased plasma BCAA concentrations
in individuals with insulin resistance (28), and BCKDHA
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FIGURE 6 There were no significant differences in plasma BCAA
concentrations after BCAA supplementation. The figure shows the fasting
plasma BCAAs (A) leucine, (B) valine, and (C) isoleucine concentrations
as percentage change normalized to the supplementation baseline. Data are
mean ± SE (n = 12). BCAA, branched-chain amino acid.

has been described as a susceptibility gene for T2DM (29).
The dysfunction of BCKDs could lead to the formation of
BCKA metabolites, i.e., KIC, KIV, and KMV (metabolites
upstream of BCKDs). These metabolites could promote stress-
activated mitochondrial dysfunction as has been demonstrated
in individuals with maple syrup urine disease (5, 30). Increased

FIGURE 7 There were no significant differences on plasma BCKA
concentrations after BCAA supplementation. The figure shows the fasting
plasma BCKAs (A) KIV, (B) KIC, and (C) KMV concentrations as percentage
change normalized to the supplementation baseline. Data are mean ± SE
(n = 12). BCAA, branched-chain amino acid; BCKA, branched-chain α-
keto acid; KIC, α-ketoisocaproate; KIV, α-ketoisovalerate; KMV, α-keto-
methylvalerate.
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amounts of BCKAs have also been demonstrated in insulin-
resistant individuals, and may contribute to insulin resistance by
causing mitochondrial dysfunction (5). In the present study, the
BCKAs KIC, KIV, and KMV were not elevated in the plasma
of the subjects after BCAA supplementation. This observation
may explain why BCAA supplementation did not impair glucose
metabolism in the study subjects. The metabolic phenotype, in
terms of BCAA metabolism, of the prediabetic subjects in our
study appears not to be consistent with studies reporting that
individuals with T2DM have dysfunctional BCAA catabolism.
In support of this, insulin-resistant patients do not universally
demonstrate elevated circulating BCKA concentrations (28).

Our observation of BCAA supplementation effects on glucose
metabolism differs from that of several comparable studies. For
example, Fontana et al. (10) demonstrated that mice fed a diet
with reduced BCAA concentrations showed improved glucose
tolerance compared to mice fed a control diet only, although
Cummings et al. (31) reported improved insulin resistance in
animals fed a diet low in BCAAs. Newgard et al. (6) reported
that BCAA addition to a high-fat diet did not improve glucose
metabolism in mice but induced insulin resistance. It is likely
that the deleterious effects of BCAAs require the presence of a
high-fat diet. This is supported by the observation that high-fat
BCAA feeding causes accumulation of incompletely oxidized
lipid acylcarnitines metabolites that may contribute to insulin
resistance compared with animals fed standard-diet BCAAs
(6). There is also evidence showing that skeletal muscle 3-
hydroxy-isobutyrate, a valine catabolite, could act as a paracrine
regulator to promote fatty acid uptake, and lipid accumulation in
muscle cells, resulting in insulin resistance (32). As for human
observational studies, 2 studies reported a positive association
between dietary BCAA intake and T2DM risk (33, 34), although
Nagata et al. (13) reported a negative association between dietary
BCAA intake and T2DM risk in a Japanese population. In an even
more recent study, Asghari et al. (35) reported that high intakes
of dietary BCAAs are associated with the development of insulin
resistance. It is worth noting that those studies were conducted
in different ethnic groups, suggesting that genetic variation could
explain these varying observations.

Clearly, there remain controversies regarding the relation
between BCAAs and insulin resistance. The current theory
mostly points towards a positive association between circulating
BCAAs and insulin resistance development/progression. The
observations in our study could be a result of limitations in
our study design. To improve our study design, a bolus of
BCAAs could be administered to subjects immediately before
performing an OGTT in order to elevate circulating BCAAs.
This approach might result in a glucose metabolism of obese,
prediabetic subjects different to that reported in the current study.
In addition, future studies with larger patient populations and
longer supplementation periods will also be helpful in validating
the results of the current study. Nevertheless, the relation between
BCAAs and insulin resistance remains to be further elucidated as
this is a possible developmental area of novel interventions for
managing T2DM.

In conclusion, the present study provided evidence that
additional BCAA supplementation in obese, prediabetic patients
did not impair glucose metabolism; instead, glucose metabolism
tended to be improved after daily additional BCAA supplemen-
tation for 4 wk. This is likely because BCAA supplementation

did not promote an elevation in circulating BCAAs and BCKAs;
alternatively, BCAAs might act by decreasing circulating NGF
concentrations to improve glucose metabolism. However, the
mechanisms of how BCAA supplementation brings about these
effects remain to be elucidated.
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