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Abstract Background and aim: Several recent studies have found an independent relationship
between levels of plasma branched-chain amino acids (BCAAs) and risk factors for coronary ar-
tery disease (CAD); however, few studies have investigated the associations of BCAAs with CAD
and the risk of cardiovascular events. Therefore, the aim of this study was to investigate the rela-
tionship between BCAAs and CAD.
Methods and results: We studied 143 patients with CAD diagnosed by coronary angiography at
Beijing Hospital (Beijing, China) during 2008e2011. Apparently healthy control individuals
(n Z 286) and the patients with CAD were matched (2:1 ratio) by age and gender. The healthy
control individuals were selected at random from a set of subjects who attended an annual phys-
ical examination at the same hospital in 2011. Conditional logistic regression models were used
to evaluate the associations between measured variables and CAD. After multivariate adjustment
for traditional CAD risk factors, each one-standard-deviation increase in BCAA concentration was
associated with an approximately twofold increase in the risk of CAD (odds ratio Z 1.63, 95%
confidence interval (CI): 1.21e2.20, P Z 0.001). As compared with subjects in the lowest quartile
of BCAA levels, the odds ratios (95% CIs) for CAD risk in subjects belonging to quartiles 2, 3, and 4
were 1.65 (0.75e3.61), 2.04 (0.92e4.53), and 3.86 (1.71e8.69), respectively (P trend Z 0.01).
Conclusion: Our results demonstrate that BCAAs are significantly related to CAD development.
This relationship is independent of diabetes, hypertension, dyslipidemia, and body mass index.
ª 2015 Elsevier B.V. All rights reserved.
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Introduction

Coronary artery disease (CAD) is a complex disease that is
commonly known as one of the primary causes of death
worldwide. The early identification of individuals at a risk
of CAD is particularly crucial [1]. The use of advanced
technologies to evaluate individuals may improve risk
stratification and enhance our knowledge of the disease
process. Our ability to identify cases of CAD and our un-
derstanding of CAD development could be substantially
improved by metabolomics, which is the study of small-
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molecule metabolites that are the end products of cellular
processes [1,2].

Leucine (Leu), isoleucine (Ile), and valine (Val) consti-
tute the branched-chain amino acids (BCAAs), which are a
subgroup of the essential amino acids in humans (i.e., the
amino acids that cannot be synthesized de novo by the
organism). In addition to their roles as key building blocks
for protein synthesis, BCAAs are also significant sources for
the biosynthesis of sterol, ketone bodies, and glucose [3].
Various factors can contribute to the elevation of BCAAs in
circulation, including dietary intake, synthesis via gut
microbiota, and catabolic defects [4]. The accumulation of
BCAAs and related metabolites may produce adverse ef-
fects ranging from neurological distress to cardiomyopathy
[5].

Recently, some metabolomic studies indicated that
BCAAs may be both markers and effectors of insulin
resistance [6e8], can be used to predict the future devel-
opment of diabetes [9,10], and are highly responsive to
therapeutic interventions [11e13]. The underlying cellular
mechanisms may include activation of mTOR (mammalian
target of rapamycin), JNK (c-Jun N-terminal kinase), and
insulin receptor substrate-1 signaling pathways [7,9].
Other investigations, including our previous studies,
demonstrated that incremental circulating levels of BCAAs
are independently associated with several CAD risk factors,
in addition to impaired glucose tolerance. Indeed, inde-
pendent associations were found with elevated ambula-
tory blood pressure [14]; atherogenic dyslipidemia [15],
which is characterized by an increase in serum tri-
glycerides (TG), a decrease in high-density lipoprotein
cholesterol (HDL-C), and the prevalence of small, dense
low-density lipoprotein (LDL); and increased carotid inti-
maemedia thickness in subclinical atherosclerosis [16].
However, few studies have investigated the associations of
BCAAs with the development of atherosclerosis and CAD.
Therefore, the aim of this study was to investigate the
relationship between BCAAs and CAD.

Methods

Study design and subjects

We studied 143 hospitalized patients (102 males and 41
females, 30e84 years of age) who underwent coronary
angiography at the Beijing Hospital (Beijing, China) during
2008e2011 and who were diagnosed with CAD based on
angiograms with >50% stenosis in one or more arteries.
Patients with the following characteristics were excluded
from the study: both unstable angina and myocardial
infarction within the preceding 2 months, or receiving
lipid-regulating therapies in the preceding 6 months.
Apparently healthy control individuals (n Z 286) and the
patients with CAD were matched (2:1 ratio) by age interval
(�3 years) and gender. The healthy controls were selected
at random from a group of Beijing residents who attended
an annual physical examination at the Beijing Hospital in
2011. The controls had no history of angina pectoris, pre-
vious coronary angiography, myocardial infarction, or
other known cardiovascular diseases. The smoking status
of all subjects was recorded using a list of questionnaire.
Height, weight, and sitting blood pressure were measured
at the same time. Fasting blood samples were taken from
the subjects, and the sera were isolated and stored at
�80 �C until analysis. This study was reviewed and
approved by the Ethics Committee of the Beijing Hospital.
All enrolled individuals received written notice of the
intended use of their blood samples and provided written
consent.

Measurements of serum BCAAs and other parameters

The serum BCAA levels (Val, Ile, and Leu) were measured
using our previously reported isotope dilution liquid
chromatography tandem mass spectrometry (LC/MS/MS)
method [15]. Briefly, 0.05-mL aliquots of calibrators or
serum samples were mixed with 0.05 mL of the isotopi-
cally labeled internal standard solution. The amino acids
were extracted with 0.4 mL of acetonitrile containing 0.1%
formic acid and analyzed using LC/MS/MS with positive
electronic spray ionization in the multiple reaction moni-
toring mode. The serum samples were also tested for the
levels of fasting blood glucose (FBG), total cholesterol (TC),
TG, HDL-C, and LDL cholesterol (LDL-C) using assay kits
from Sekisui Medical Technologies (Osaka, Japan) on a
Hitachi 7180 chemistry analyzer (Hitachi, Tokyo, Japan).
The atherosclerosis index of plasma (AIP) was calculated as
log (TG/HDL-C), with TG and HDL-C being expressed in
molar concentrations [17].

Statistical analyses

Categorical variables are presented as frequencies and
percentages. Continuous variables are summarized in
terms of means and standard deviations (SD), or medians
and interquartile ranges (25the75th percentile) for vari-
ables with skewed distributions. Hypertension was
defined as a systolic blood pressure (SBP) � 140 mm Hg or
a diastolic blood pressure (DBP) �90 mm Hg. Diabetes
mellitus was defined as a fasting glucose
concentration > 7.0 mmol/L. Dyslipidemia was defined as a
serum TC > 6.21 mmol/L, LDL-C > 4.14 mmol/L,
TG > 1.70 mmol/L, or HDL-C < 1.04 mmol/L. We used
generalized linear mixed models to compare continuous
variables and categorical variables by case/control status,
respectively, accounting for clustering by matching status.
Correlations were assessed using partial correlation co-
efficients after adjusting for matched pair. The associations
between measured variables and the presence of CAD
were evaluated in various multivariate conditional logistic
regression models. The conditional logistic regression an-
alyses were performed using the COXREG command in
SPSS according to previously reported methods [18]. Odds
ratios (ORs) for CAD(þ) vs. CAD(�) were estimated with
the corresponding 95% confidence intervals (CIs). The ORs
were adjusted for body mass index (BMI); smoking status;
and the presence or absence of diabetes, hypertension, and
dyslipidemia. All reported P-values are two-tailed, and a P-
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value < 0.05 was considered to indicate statistical signifi-
cance. Analyses were performed using SPSS software,
version 22.0 (SPSS Inc., Chicago, IL, USA).
Results

Characteristics of the study population

The characteristics of patients with CAD and the age- and
gender-matched controls are compared in Table 1. Overall,
the prevalences of current smoking, diabetes mellitus,
hypertriglyceridemia, and hypo-HDL cholesterolemia were
significantly higher among patients with CAD than among
controls (48% vs. 10%, 12% vs. 4%, 45% vs. 23%, and 59% vs.
19%, respectively). Compared with controls, CAD patients
had significantly higher BMI, TG, AIP, Val, Ile, and Leu.
Further, the sum of the three BCAA concentrations was
significantly higher in the CAD(þ) group than in the con-
trol group. By contrast, patients with CAD had markedly
lower TC, HDL-C, and LDL-C values.

Because we found significantly higher serum BCAA
levels in men than in women (P < 0.001), we also per-
formed a stratified analysis, in which the differences be-
tween the serum BCAA levels in the CAD (þ) and control
groups were analyzed separately for men and women
(Fig. 1). The sum of the three BCAA concentrations was
significantly higher for men with CAD (n Z 102) than for
men in the control group (n Z 204) (Z Z �4.627,
P < 0.001). Similarly, the sum of three BCAA
Table 1 Demographic, clinical, and laboratory characteristics of patients

Variable CAD(�)
(n Z 286)

Age, years 64.7 � 10.7
Men, % 71.3
Smoker, % 9.6
Hypertension, % 29.0
Diabetes, % 4.0
Hypertriglyceridemia, % 23.1
Hypercholesterolemia, % 5.9
Hyper-LDL cholesterolemia, % 4.3
Hypo-HDL cholesterolemia, % 18.5
BMI, kg/m2 24.4 � 5.9
SBP, mmHg 128.0 (119.0e140.0)
DBP, mmHg 78.0 (71.0e82.0)
FBG, mmol/L 5.4 (5.1e5.8)
TC, mmol/L 4.9 � 0.9
TG, mmol/L 1.3 (0.9e1.7)
HDL-C, mmol/L 1.3 (1.1e1.6)
LDL-C, mmol/L 2.8 � 0.8
AIP �0.02 (�0.2 to 0.2)
Val, mmol/L 243.3 (220.5e269.5)
Ile, mmol/L 68.2 (59.2e79.0)
Leu, mmol/L 132.3 (117.2e149.0)
BCAA, mmol/Lb 442.6 (395.3e495.3)

Data are mean � SD, median (interquartile range) for continuous variables
artery disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; F
branched-chain amino acid.
a P-values are derived from generalized linear mixed models for contin

gender were matching variables.
b The sum of the concentrations of Val, Ile, and Leu.
concentrations was significantly higher for women with
CAD (n Z 41) than for women in the control group
(n Z 82) (Z Z �4.947, P < 0.001).

Correlation analyses

The relationships between BCAAs and the traditional risk
factors for CAD in the total study population are shown in
Table 2. In the partial correlation analyses, Val, Ile, Leu, and
the total BCAA concentrations were significantly and
positively correlated with BMI (P < 0.001), FBG (P < 0.001),
TG (P < 0.001), and AIP (P < 0.001) after adjusting for
matched pair. Furthermore, the concentration of each
BCAA concentration was significantly and inversely asso-
ciated with HDL-C (P < 0.001). Marked correlations were
also observed between each pair of BCAAs (P < 0.001 for
each comparison).

Conditional logistic regression model

We performed conditional logistic regression analyses to
further quantify association between BCAA and CAD in this
matched-pair caseecontrol study (Fig. 2). Multivariate
adjustment was used to control for traditional CAD risk
factors, including BMI, smoking, diabetes mellitus, hyper-
tension, hypertriglyceridemia, hypercholesterolemia,
hyper-LDL cholesterolemia, and hypo-HDL cholester-
olemia. After this multivariate adjustment, each one-SD
increase in BCAA concentration was associated with an
with CAD and matched controls.

CAD(þ)
(n Z 143)

P-valuea

64.5 � 10.8 0.979
71.3 1.000
48.3 <0.001
35.9 0.187
11.9 0.012
44.8 <0.001
6.3 0.471
2.8 0.349
59.4 <0.001
25.7 � 3.2 <0.001
130.0 (120.0e140.0) 0.512
73.0 (70.0e80.0) 0.111
5.4 (4.9e6.2) 0.532
4.6 � 1.0 0.005
1.6 (1.2e2.2) <0.001
1.0 (0.8e1.2) <0.001
2.5 � 0.8 <0.001
0.2 (0.04e0.4) <0.001
269.7 (242.3e293.9) <0.001
82.0 (71.5e91.6) <0.001
146.8 (129.2e159.6) <0.001
502.7 (446.4e544.0) <0.001

, or percentage for categorical variables. Abbreviations: CAD, coronary
BG, fasting blood glucose; AIP, atherosclerosis index of plasma; BCAA,

uous and categorical variables controlling for matched sets. Age and



Figure 1 Differences between serum BCAA levels in the CAD(þ) and
control groups, as analyzed separately for men (A) (n Z 306) and
women (B) (n Z 123). The box plots show the median and 25th and
75th percentiles. Whiskers in the plots represent the highest and
lowest values. Abbreviations: BCAA, branched-chain amino acids; CAD,
coronary artery disease.
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approximately twofold increase in the risk of CAD
(OR Z 1.63, 95% CI: 1.21e2.20, P Z 0.001). As compared
with subjects in the lowest quartile of BCAA levels, the OR
(95% CIs) for CAD risk in subjects belonging to quartiles 2,
3, and 4 were 1.65 (0.75e3.61), 2.04 (0.92e4.53), and 3.86
(1.71e8.69), respectively (P trend Z 0.01).
Discussion

Recently, there has been mounting evidence that BCAAs
are associated with insulin resistance and causally
involved in the development of metabolic dysfunction.
Table 2 Partial correlations (r) of BCAA with other CAD risk factors,
as adjusted for matched pair.

Val Ile Leu BCAAa

BMI 0.199*** 0.199*** 0.194*** 0.207***
SBP 0.082 0.074 0.013 0.062
DBP 0.001 0.026 0.012 0.009
FBG 0.210*** 0.200*** 0.202*** 0.216***
TC 0.021 �0.066 0.011 0.001
TG 0.327*** 0.312*** 0.255*** 0.317***
HDL-C �0.358*** �0.445*** �0.324*** �0.382***
LDL-C 0.041 �0.045 0.002 0.014
AIP 0.415*** 0.435*** 0.363*** 0.423***

*P < 0.05; **, P < 0.01; ***P < 0.001. Abbreviations: CAD, coronary
artery disease; SBP, systolic blood pressure; DBP, diastolic blood
pressure; FBG, fasting blood glucose; AIP, atherosclerosis index of
plasma; BCAA, branched-chain amino acid.
a The sum of the concentrations of Val, Ile, and Leu.
Although some studies have found independent relation-
ships between BCAAs and CAD risk factors, few studies
have investigated the associations of BCAAs with CAD and
the risk of cardiovascular events. By using targeted
metabolomics, Shah and colleagues demonstrated that
BCAAs were positively and independently associated with
the presence of CAD in both a small patient cohort
(OR Z 1.36, P Z 0.02) [19] and a larger patient cohort
(OR Z 1.20, P Z 0.005) [20]. All of the subjects included in
these studies were undergoing cardiac catheterization
because of suspected CAD. Accordingly, the studies were
limited to individuals with high burdens of cardiovascular
risk factors. The results of the present study have
confirmed that individuals with elevated levels of BCAAs
are at a higher risk of CAD. Further, our study has
expanded upon the previous findings by including a more
general control group, which was composed of apparently
healthy individuals. Our study sample appears to differ
from the cohorts in previous studies in terms of diet,
ethnicity, BMI, and probably other culture-related charac-
teristics, such as lifestyle factors. Nonetheless, the current
results support the hypothesis that BCAA accumulation
may mediate CAD development independently of the re-
lationships of CAD with diabetes, hypertension, dyslipi-
demia, and BMI.

BCAAs are essential amino acids, and they must be ac-
quired from food. Increased dietary intake of protein,
15e25% of which consists of BCAAs [21], can contribute
significantly to the elevation of BCAAs in circulation.
However, in general, observed blood amino acid patterns
are probably not a direct reflection of diet-derived amino
acids. McCormack et al. [22] found that the plasma BCAA
level, but not dietary BCAA intake, was associated with
obesity and insulin resistance. Wang et al. [9] also indi-
cated that the associations of BCAAs with insulin resis-
tance and risk of diabetes were not influenced by protein
consumption. By contrast, some large-scale population
studies showed that high intake of BCAAs was significantly
associated with a lower prevalence of being overweight
[23] and a decreased risk of diabetes [24], thereby con-
tradicting the observations for plasma BCAA levels. The
effects of dietary BCAA intake and BCAA circulation levels
continue to contradict each other, and the reasons remain
unknown. However, we assumed that the involvement of
elevated plasma BCAA levels in cardiometabolic disease
development is mostly caused by the obstacle of BCAA
catabolism, rather than by increased dietary intake.

Disorders of BCAA homeostasis may result from BCAA
catabolic defects, which themselves may primarily arise
from the abnormal expression and activity of genes
encoding certain enzymes, such as branched-chain
aminotransferase (BCAT), branched-chain a-keto acid de-
hydrogenase (BCKD), and BCKD phosphatase [14,25,26].
Several studies found that the activity of the BCAA cata-
bolic enzyme was reduced in obese and insulin-resistant
rodents [27,28]. In obese humans, bariatric surgery was
followed by markedly decreased BCAA levels and
increased expression of the enzyme BCKD [11]. Further-
more, as effective activators of cell signaling, circulating



Figure 2 Association of serum BCAA levels with CAD under different conditional logistic regression models for matched-pair caseecontrol study.
Model 1 is adjusted for BMI and smoking. Model 2 is further adjusted for diabetes mellitus. Model 3 is further adjusted for hypertension. Model 4 is
further adjusted for hypertriglyceridemia, hypercholesterolemia, hyper-LDL cholesterolemia, and hypo-HDL cholesterolemia. Abbreviations: BCAA,
branched-chain amino acid; CAD coronary artery disease; DM, diabetes mellitus.
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BCAAs may directly promote insulin resistance, primarily
via chronic stimulation of the mTOR pathway, but possibly
also via the activation of JNK and insulin receptor
substrate-1 signaling pathways in rat skeletal muscles
[7,29].

However, the nature of any mechanistic link that may
explain the BCAAeCAD association is less clear. In both the
current investigation and previous studies [19,20], the
association of elevated BCAA levels with CAD risk
remained intact even after adjusting for the presence of
diabetes mellitus, suggesting that the association between
BCAA and CAD may not be driven entirely by insulin
resistance. Besides, Mels et al. [14] supposed that
increased insulin secretion could lead to a signal promot-
ing excessive growth, which would stimulate various
proliferative and pro-atherogenic events in vascular
smooth muscle and endothelial cells (these are the hall-
marks of the pathogenic mechanisms involved in athero-
sclerosis) [30].

Several limitations to this study warrant discussion.
First, we did not analyze the effects of individual BCAAs;
instead, we analyzed the sum of BCAA concentrations
because they were strongly intercorrelated, which may
influence the accuracy of our explanation of the model.
Second, insulin levels were not available for the partici-
pants in our study; therefore, insulin resistance could not
be quantified. Third, although our results remained
consistent after multiple adjustments, we cannot exclude
the possibility of residual confounding because some in-
formation was not recorded, including a family history of
CAD, dietary factors, sedentary lifestyle, stress, depression,
and other possible risk factors for CAD. Finally, although
the study was conducted as a caseecontrol design, the
temporal sequence of the association cannot be deter-
mined as the BCAAs were measured at the same time as
subject recruitment. The findings need to be confirmed in
future prospective studies.

In conclusion, our results add value by demonstrating
an independent relationship between elevated BCAA levels
and CAD risk, regardless of the nature of the observed
mechanism behind the elevated BCAA levels. The rela-
tionship between BCAA and CAD risk remained significant
after adjusting for traditional CAD risk factors. Further, the
presence of this relationship was demonstrated in a pop-
ulation that is more general than previously investigated
populations, which had high burdens of CAD risk. Future
studies may elucidate the mechanisms that underlie the
significant association between BCAAs and CAD.
Acknowledgment

This work was supported by research grants from the
National Natural Science Foundation of China (81301487,
81472035) and the Science and Technology Foundation of
Heilongjiang Educational Department (12541828).
References

[1] Gilstrap LG, Wang TJ. Biomarkers and cardiovascular risk assess-
ment for primary prevention: an update. Clin Chem 2012;58:
72e82.

http://refhub.elsevier.com/S0939-4753(15)00149-0/sref1
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref1
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref1
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref1


942 R.Y. Yang et al.
[2] Nicholson JK, Wilson ID. Opinion: understanding ’global’ systems
biology: metabonomics and the continuum of metabolism. Nat
Rev Drug Discov 2003;2:668e76.

[3] Harris RA, Joshi M, Jeoung NH, Obayashi M. Overview of the mo-
lecular and biochemical basis of branched-chain amino acid
catabolism. J Nutr 2005;135:1527Se30S.

[4] Shah SH, Svetkey LP, Newgard CB. Branching out for detection of
type 2 diabetes. Cell Metab 2011;13:491e2.

[5] Ogier de Baulny H, Saudubray JM. Branched-chain organic acidu-
rias. Semin Neonatol 2002;7:65e74.

[6] Huffman KM, Shah SH, Stevens RD, Bain JR, Muehlbauer M,
Slentz CA, et al. Relationships between circulating metabolic in-
termediates and insulin action in overweight to obese, inactive
men and women. Diabetes Care 2009;32:1678e83.

[7] Newgard CB, An J, Bain JR, Muehlbauer MJ, Stevens RD, Lien LF,
et al. A branched-chain amino acid-related metabolic signature
that differentiates obese and lean humans and contributes to in-
sulin resistance. Cell Metab 2009;9:311e26.

[8] Tai ES, Tan ML, Stevens RD, Low YL, Muehlbauer MJ, Goh DL, et al.
Insulin resistance is associated with a metabolic profile of altered
protein metabolism in Chinese and Asian-Indian men. Dia-
betologia 2010;53:757e67.

[9] Wang TJ, Larson MG, Vasan RS, Cheng S, Rhee EP, McCabe E, et al.
Metabolite profiles and the risk of developing diabetes. Nat Med
2011;17:448e53.

[10] Wurtz P, Soininen P, Kangas AJ, Ronnemaa T, Lehtimaki T,
Kahonen M, et al. Branched-chain and aromatic amino acids are
predictors of insulin resistance in young adults. Diabetes Care
2013;36:648e55.

[11] Laferrere B, Reilly D, Arias S, Swerdlow N, Gorroochurn P, Bawa B,
et al. Differential metabolic impact of gastric bypass surgery versus
dietary intervention in obese diabetic subjects despite identical
weight loss. Sci Transl Med 2011;3:80re2.

[12] Shah SH, Crosslin DR, Haynes CS, Nelson S, Turer CB, Stevens RD,
et al. Branched-chain amino acid levels are associated with
improvement in insulin resistance with weight loss. Diabetologia
2012;55:321e30.

[13] Walford GA, Davis J, Warner AS, Ackerman RJ, Billings LK,
Chamarthi B, et al. Branched chain and aromatic amino acids
change acutely following two medical therapies for type 2 dia-
betes mellitus. Metabolism 2013;62:1772e8.

[14] Mels CM, Schutte AE, Schutte R, Huisman HW, Smith W,
Fourie CM, et al. The link between vascular deterioration and
branched chain amino acids in a population with high glycated
haemoglobin: the SABPA study. Amino Acids 2013;45:1405e13.

[15] Yang R, Dong J, Guo H, Li H, Wang S, Zhao H, et al. Rapid and
precise measurement of serum branched-chain and aromatic
amino acids by isotope dilution liquid chromatography tandem
mass spectrometry. PLoS One 2013;8:e81144.

[16] Yang R, Dong J, Zhao H, Li H, Guo H, Wang S, et al. Association of
branched-chain amino acids with carotid intima-media thickness
and coronary artery disease risk factors. PLoS One 2014;9:e99598.
[17] Dobiasova M, Frohlich J. The plasma parameter log (TG/HDL-C) as
an atherogenic index: correlation with lipoprotein particle size
and esterification rate in apoB-lipoprotein-depleted plasma
(FER(HDL)). Clin Biochem 2001;34:583e8.

[18] Sun CQ, Chang YB, Cui LL, Chen JJ, Sun N, Zhang WJ, et al. A
population-based caseecontrol study on risk factors for gastric
cardia cancer in rural areas of Linzhou. Asian Pac J Cancer Prev
2013;14:2897e901.

[19] Shah SH, Bain JR, Muehlbauer MJ, Stevens RD, Crosslin DR,
Haynes C, et al. Association of a peripheral blood metabolic profile
with coronary artery disease and risk of subsequent cardiovascular
events. Circ Cardiovasc Genet 2010;3:207e14.

[20] Bhattacharya S, Granger CB, Craig D, Haynes C, Bain J, Stevens RD,
et al. Validation of the association between a branched chain
amino acid metabolite profile and extremes of coronary artery
disease in patients referred for cardiac catheterization. Athero-
sclerosis 2014;232:191e6.

[21] Layman DK. The role of leucine in weight loss diets and glucose
homeostasis. J Nutr 2003;133:261Se7S.

[22] McCormack SE, Shaham O, McCarthy MA, Deik AA, Wang TJ,
Gerszten RE, et al. Circulating branched-chain amino acid con-
centrations are associated with obesity and future insulin resis-
tance in children and adolescents. Pediatr Obes 2013;8:52e61.

[23] Qin LQ, Xun P, Bujnowski D, Daviglus ML, Van Horn L, Stamler J,
et al. Higher branched-chain amino acid intake is associated with
a lower prevalence of being overweight or obese in middle-aged
East Asian and Western adults. J Nutr 2011;141:249e54.

[24] Nagata C, Nakamura K, Wada K, Tsuji M, Tamai Y, Kawachi T.
Branched-chain amino acid intake and the risk of diabetes in a
Japanese community: the Takayama study. Am J Epidemiol 2013;
178:1226e32.

[25] Huang Y, Zhou M, Sun H, Wang Y. Branched-chain amino acid
metabolism in heart disease: an epiphenomenon or a real culprit?
Cardiovasc Res 2011;90:220e3.

[26] O’Connell TM. The complex role of branched chain amino acids in
diabetes and cancer. Metabolites 2013;3:931e45.

[27] She P, Van Horn C, Reid T, Hutson SM, Cooney RN, Lynch CJ.
Obesity-related elevations in plasma leucine are associated with
alterations in enzymes involved in branched-chain amino acid
metabolism. Am J Physiol Endocrinol Metab 2007;293:E1552e63.

[28] Doisaki M, Katano Y, Nakano I, Hirooka Y, Itoh A, Ishigami M, et al.
Regulation of hepatic branched-chain alpha-keto acid dehydro-
genase kinase in a rat model for type 2 diabetes mellitus at
different stages of the disease. Biochem Biophys Res Commun
2010;393:303e7.

[29] Patti ME, Brambilla E, Luzi L, Landaker EJ, Kahn CR. Bidirectional
modulation of insulin action by amino acids. J Clin Invest 1998;
101:1519e29.

[30] Madonna R, De Caterina R. Atherogenesis and diabetes: focus on
insulin resistance and hyperinsulinemia. Rev Esp Cardiol (Engl Ed)
2012;65:309e13.

http://refhub.elsevier.com/S0939-4753(15)00149-0/sref2
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref2
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref2
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref2
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref3
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref3
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref3
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref3
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref4
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref4
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref4
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref5
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref5
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref5
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref6
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref6
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref6
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref6
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref6
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref7
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref7
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref7
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref7
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref7
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref8
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref8
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref8
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref8
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref8
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref9
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref9
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref9
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref9
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref10
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref10
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref10
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref10
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref10
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref11
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref11
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref11
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref11
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref12
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref12
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref12
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref12
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref12
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref13
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref13
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref13
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref13
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref13
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref14
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref14
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref14
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref14
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref14
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref15
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref15
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref15
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref15
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref16
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref16
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref16
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref17
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref17
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref17
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref17
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref17
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref18
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref18
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref18
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref18
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref18
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref18
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref19
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref19
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref19
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref19
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref19
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref20
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref20
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref20
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref20
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref20
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref20
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref21
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref21
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref21
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref22
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref22
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref22
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref22
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref22
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref23
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref23
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref23
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref23
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref23
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref24
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref24
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref24
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref24
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref24
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref25
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref25
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref25
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref25
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref26
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref26
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref26
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref27
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref27
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref27
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref27
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref27
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref28
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref28
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref28
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref28
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref28
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref28
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref29
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref29
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref29
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref29
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref30
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref30
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref30
http://refhub.elsevier.com/S0939-4753(15)00149-0/sref30

	Association of branched-chain amino acids with coronary artery disease: A matched-pair case–control study
	Introduction
	Methods
	Study design and subjects
	Measurements of serum BCAAs and other parameters
	Statistical analyses

	Results
	Characteristics of the study population
	Correlation analyses
	Conditional logistic regression model

	Discussion
	Acknowledgment
	References


