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Objective: Branched-chain amino acids (BCAAs) are essential AAs which are widely used as antioxidants in patients with liver and
kidney dysfunction. However, BCAAs are strongly correlated with insulin resistance (IR) and diabetes. This study aimed to evaluate
the relationship among BCAAs, oxidative stress, and type 2 diabetes mellitus (T2DM) in a Chinese population.
Methods: Anthropometric and biochemical examinations were performed in 816 individuals who participated in the Huai’an Diabetes
Prevention Program. Serum BCAAs concentrations were measured by hydrophilic interaction chromatography-tandem mass spectro-
metric method. Oxidative stress was evaluated by malondialdehyde (MDA) as an index of lipid peroxidation and the superoxide
dismutase (SOD) activity.
Results: A total of 816 participants were divided into three groups: normal glucose metabolism (NGM), prediabetes, and newly-
diagnosed diabetes mellitus (NDM). Subjects in NDM group show higher MDA and lower SOD levels than subjects in other groups.
L-Val levels positively correlated with MDA levels and negatively with SOD in NDM groups. After adjusting for T2DM risk factors,
high L-Val levels were significantly associated with higher BMI, WC, FPG, increased LnTG and decreased HDL-C. L-Val was also
independently associated with NDM (OR 1.06, 95% CI 1.02–1.10; P = 0.005). Furthermore, the odds ratios for NDM among
participants with high L-Val (≥35.25μg/mL) levels showed a 2.25-fold (95% CI 1.11–4.57; P = 0.024) increase compared to
participants with low L-Val (<27.26 μg/mL) levels after adjusting for MDA and confounding factors.
Conclusion: High serum L-Val levels are independently associated with oxidative stress, thus promoting IR and NDM. Further study
should be done to clarify the mechanism.
Keywords: branched chain amino acids, oxidative stress, new diagnosed type 2 diabetes mellitus, hydrophilic interaction
chromatography-tandem mass spectrometric method

Introduction
Diabetes is a metabolic disorder characterised by chronic hyperglycaemia, affecting carbohydrate, fat, and protein
metabolism leading to abnormal insulin secretion, insulin resistance, or both.1–3 While impaired glycemic control and
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lipotoxicity as well as their underlying mechanisms have been extensively studied in obesity and type 2 diabetes mellitus
(T2DM),4 emerging studies suggest a causal role of BCAAs in the pathogenesis of obesity and insulin resistance.3,5,6 In
the Framingham Offspring Study,3 the longitudinal analysis was performed to investigate whether metabolite profiles
could predict the development of Diabetes Mellitus (DM), which revealed that branched-chain amino acids (BCAAs) and
aromatic amino acids (AAAs) levels are significantly related to a future diagnosis of DM. More recently, a prospective
cohort study concluded that high consumption of BCAAs is associated with an increased risk of T2DM.6 Therefore,
T2DM risks are not only restricted to carbohydrates and fatty acid metabolism disturbance, but also associated with
altered protein and amino acid metabolism.

The BCAAs (L-leucine (L-Leu), L-isoleucine (L-Ile) and L-valine (L-Val)) are essential amino acids that cannot be
synthesized de novo.7 Excessive amino acids intake or inborn errors in the genes encoding for the catalytic enzymes in
the BCAA catabolism pathway causes accumulation of BCAAs and metabolites.8 Increased BCAAs plasma concentra-
tion have been found in many pathological conditions such as Maple syrup urine disease (MSUD), obesity, T2DM,
dyslipidaemia, cardiovascular complications and some cancer.5,6,9,10 MSUD is a Mendelian disease due to deficiency of
the branched-chain ketoacid dehydrogenase (BCKDC) and associated with elevations in the BCAAs and their ketoacids.9

Elevated BCAAs level is associated with insulin resistance and is suggested as new predictors of future diabetes.5,6

Moreover, it can be positively associated with enhanced cardiovascular risk.10

BCAAs and toxic metabolites may induce elevated reactive oxygen species (ROS) levels and mitochondrial
dysfunction in brain, liver and heart.11–13 Adding branched-chain α-ketoacid (BCKAs) to glial cells could cause lipid
peroxidation and oxidative stress which lead to mitochondrial dysfunction.11 Zhang et al found that BCAA cause
significant hepatic damage in high fat diet mice, evidenced by exacerbated hepatic oxidative stress, increased hepatic
apoptosis, and elevated circulation hepatic enzymes.12 BCAA could promote endothelial dysfunction through increased
ROS generation and inflammation which contribute to the increased cardiovascular risk.13 However, it remains poorly
understood that whether such damage is associated with IR and T2DM onset.

Oxidative stress is a major risk factor in the onset and progression of T2DM.14 An oxidative environment may cause
the development of impaired glucose tolerance, IR, mitochondrial dysfunction, β-cell dysfunction, all of which contribute
ultimately to the diabetic disease state. BCAAs as antioxidants are widely used clinically for chronic liver and renal
failure.15,16 Some studies show that BCAAs can also counter the oxidative stress that occurs in the diabetic pancreas and
some liver diseases.17,18 But, Deyang Yu and his colleague found that reducing dietary levels of BCAAs promote
metabolic health in mice, a low isoleucine diet reprograms liver and adipose metabolism, increasing hepatic insulin
sensitivity and ketogenesis.19 Given the health benefits of high dietary BCAAs concentration, it seems paradoxical that
increased BCAAs levels were found in obesity and T2DM. Associations between BCAAs dysmetabolism and oxidative
stress are consistently observed in animal researches.11–13 It is necessary to clarify the relationship between BCAAs,
oxidative stress and T2DM in people.

Therefore, the objective of the present study was to evaluate the association between BCAAs levels, oxidative stress
and newly-diagnosed T2DM in a relatively large Chinese population, which might be helpful for improving preventive
and therapeutic strategies for T2DM.

Methods
Study Population
In the present study, 1759 participants aged 40 to 79 years were recruited who were retiree and accepted annual routine
health examinations between September to October 2014 at the health examination center of The Affiliated Huaian
Hospital of Xuzhou Medical College in Huaian (Jiangsu, China). Exclusion criteria was described in earlier published
article.20 In addition, missing data for eGFR (n=100) and previously diagnosed diabetes including Type 1 diabetes,
T2DM, gestational diabetes (n=247) were excluded. Finally, a total of 816 participants (537 women) were eligible for the
analysis.
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Data Collection
The demographic characteristics, lifestyle information and medical history were obtained by trained investigators through
a standard questionnaire. Height, weight, blood pressure (BP), Waist circumference (WC) were measured as described
before.20 BMI was calculated as weight (kg) divided by height squared (m2). Blood pressure (BP) was consecutively
measured 3 times (OMRON Model HEM-752FUZZY, Omron Company, Dalian city, Liaoning Province, China). Blood
samples were extracted from the antecubital vein between 8:00 and 10:00 am after overnight fasting at least 10
hours. Total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), fasting glucose (FPG), creatinine (CREA), urea nitrogen (BUN), and uric acid (UA) were
measured in a certified laboratory by standardized procedures. We used high performance liquid chromatography
(Variant II and D-10 Systems, Bio-Rad Laboratories Inc., Hercules, CA, USA) to measure HbA1c. Diabetes, prediabetes
and Normal glucose metabolism (NGM) were defined based on 2012 ADA criteria. The presence of diabetes was defined
as follows: FPG≥126mg/dL (7.0mmol/L) or 2-h plasma glucose in the 75-gOGTT≥200mg/dL (11.1mmol/L) or
HbA1c≥6.5%. The presence of prediabetes was defined as follows: FPG 100mg/dL (5.6mmol/L) to 125mg/dL
(6.9mmol/L) (IFG) or 2-h plasma glucose in the 75-g OGTT 140mg/dL (7.8mmol/L) to 199mg/dL (11.0mmol/L)
(IGT) or HbA1C 5.7–6.4%. Based on these criteria, 102 of the 816 subjects included in the analysis were considered
to have newly diagnosed diabetes mellitus (NDM), 354 were considered to have prediabetes, and 380 were considered to
have NGM.

Laboratory Analysis
Collections of venous blood samples and acquisition of laboratory index referred in this study were reported in before
work.20 Malondialdehyde (MDA) as an index of lipid peroxidation was estimated by using the method described by Buege
and Aust.21 The Superoxide Dismutase (SOD) activity was evaluated on the basis of its ability to inhibit the oxidation of
hydroxylamine.22 Homeostasis Model assessment for Insulin Resistance (HOMA-IR) = fasting insulin (μU/mL) × fasting
glucose (mmol/L)/22.5. The estimated glomerular filtration rate (eGFR) 22 was calculated from the creatinine levels using
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI).23

Statistical Analysis
The continuous variables in this study exhibited normal or approximately normal distributions, which were presented as
means ± standard deviations (SDs); categorical variables were presented as numbers (%). The differences between the
groups were analyzed using one-way analysis of variance (ANOVA), with non-parametric tests for non-normally
distributed variables and chi-square test for categorical data. After verifying the assumption of a linear relationship
between the dependent and independent variables that were introduced into the linear regression model, a multiple linear
regression analysis was used to estimate the association of the BCAAs with the SOD (Table 1A) and MDA (Table 1B) in
groups with different glucose tolerance (NGM, Prediabetes and NDM). Two models were constructed for each
component of glucose metabolism. In Model 1, the variates include age, gender and BMI were adjusted. In model 2,
multivariable-adjusted model was used (incorporating age, gender, BMI, SBP, DBP, FBG, TC, LnTG, HDL-c, LDL-c,
SUA, smoking status and hypertension) (See Table 1). For analysis, the subjects were divided into four groups based on
stratification of L-Val levels using the 25th, 50th and 75th percentiles as cut-off points. Differences in laboratory
parameters among the four quartile groups were evaluated using analysis of variance (ANOVA), and laboratory
parameters that yielded statistically significant outcomes were further evaluated using analysis of covariance
(ANCOVA). Data that were not normally distributed were Napierian logarithmically transformed before analysis.

To further clarify the relationship between L-Val levels, MDA and NDM, subjects were divided into four sub-groups
on the basis of the basis of the level of L-Val quartiles. We constructed unadjusted and multivariable-adjusted models
(Model 1 (incorporating age and gender, BMI, MDA) and Model 2 (incorporating age and gender, BMI, MDA, SBP,
DBP, TC, TG, HDL-c, LDL-c, SUA, eGFR, and smoking status). P-values for the trends were calculated by Spearman
correlation analysis of categorical variables and odds ratios (ORs) for the different groups respectively. P < 0.05 was
considered statistically significant. All statistical analyses were performed using SPSS 16.0 (SPSS Inc., Chicago,
IL, USA).
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Results
Characteristics of the Study Participants
A total of 816 participants were enrolled (537 females) and divided into three groups (NGM, Prediabetes, and NDM). As
shown in Table 2, age, WC, BMI, HbA1c, FPG, TC, TG, LDL-C, SUA and the proportion of subjects with hypertension in
the Prediabetes and NDM groups were significantly higher than those in the NGM group (P<0.05), while HDL-c levels were
significantly lower (P<0.001). Subjects in NDM group have higher MDA level and lower SOD level than subjects in NGM
and prediabetes groups. Moreover, there was higher WC, BMI, BCAAs (L-leu, L-Ile, L-Val) and more unfavorable lipid
profile (elevated TC, TG, LDL-C and decreased HDL-C) in NDM group. There were no significant differences between the
three groups in gender, smoking status, systolic BP (SBP), diastolic BP (DBP), BUN, Serum creatinine and eGFR.

Multiple Linear Regression Analysis for Association Between BCAAs and Oxidative
Stress
As presented in Table 1, two models were constructed to analyze the association of individual BCAA with SOD and
MDA in different glucose metabolism groups (total BCAAs, L-leu, L-Ile and L-Val were analyzed separately due to co-
linearity). In model 1, the L-Leu, L-Ile and L-Val levels were independently negatively related to the SOD levels in NDM
group. After adjusting for age, gender, smoking status, BMI, SBP, DBP, FBG, TC, LnTG(triglyceride), LDL-c and HDL-
c, only L-Val levels were also found to be negatively related to the SOD levels in NDM group in model 2 (Table 1A).

Table 1 Multiple Linear Regression Analyses of the Relationship Between BCAAs and SOD(A) or MDA(B) in Different Glucose
Metabolism Groups

A Independent
Variable

Total (n=816) NGM (n = 380) Prediabetes (n = 334) NDM (n = 102)

β ± SE P value β ± SE P value β ± SE P value β ± SE P value

Model 1

BCAAs −0.028 ± 0.03 0.369 −0.012± 0.05 0.841 0.051 ± 0.059 0.388 −3.639 ± 1.152 0.001

L-Leu −0.089 ± 0.074 0.232 −0.05 ± 0.123 0.684 −0.111 ± 0.136 0.415 −0.643 ± 0.249 0.040

L-Ile −0.214 ± 0.141 0.129 −0.139 ± 0.216 0.520 −0.214 ± 0.260 0.411 −1.023 ± 0.512 0.048

L-Val −0.009 ± 0.065 0.895 −0.017 ± 0.104 0.871 −0.087 ± 0.126 0.491 −0.437 ± 0.230 0.030

Model 2

BCAAs 0.014 ± 0.034 0.667 0.023 ± 0.052 0.213 0.101 ± 0.064 0.119 −3.312 ± 1.359 0.016

L-Leu 0.002 ± 0.079 0.992 0.064 ± 0.134 0.926 0.074 ± 0.126 0.921 −0.575± 0.270 0.076

L-Ile 0.059 ± 0.151 0.694 −0.038 ± 0.227 0.896 0.413 ± 0.281 0.142 −0.473 ± 0.292 0.102

L-Val 0.075 ± 0.070 0.285 0.064 ± 0.134 0.457 0.181 ± 0.136 0.147 −0.505 ± 0.262 0.036

B Independent
variable

Total (n=816) NGM (n = 380) Prediabetes (n = 334) NDM (n = 102)

β ± SE P value β ± SE P value β ± SE P value β ± SE P value

Model 1

BCAAs 0.028 ± 0.03 0.369 0.100 ± 0.033 0.001 0.045 ± 0.023 0.027 0.036 ± 0.024 0.381

L-Leu 0.089 ± 0.074 0.232 0.005 ± 0.007 0.440 0.005 ± 0.004 0.344 0.005 ± 0.004 0.286

L-Ile 0.214 ± 0.141 0.129 −0.009 ± 0.016 0.998 0.003 ± 0.004 0.702 0.019 ± 0.009 0.427

L-Val 0.020 ± 0.003 <0.001 0.023 ± 0.06 < 0.001 0.017 ± 0.006 < 0.001 0.017 ± 0.04 0.040

Model 2

BCAAs 0.004 ± 0.001 <0.001 0.008 ± 0.003 0.054 0.006 ± 0.002 0.010 −0.006 ± 0.002 0.295

L-Leu 0.014 ± 0.005 0.124 0.007 ± 0.120 0.926 0.008 ± 0.112 0.234 0.003 ± 0.007 0.698

L-Ile 0.007 ± 0.006 0.248 0.004 ± 0.013 0.770 0.008 ± 0.010 0.436 0.019 ± 0.010 0.325

L-Val 0.022 ± 0.004 <0.001 0.024 ± 0.006 0.001 0.020 ± 0.005 <0.001 0.024 ± 0.009 0.022

Notes: Model 1: adjusted for age, gender and body mass index; Model 2: adjusted for age, gender, body mass index, systolic blood pressure, diastolic blood pressure, fasting
blood glucose, total cholesterol, Ln (triglyceride), high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, serum uric acid, smoking status and hypertension.
The bold format serves as an emphasis note. Values were regression coefficient (β) ± standard error (SE). Definitions of NGM (normal glucose metabolism), prediabetes and
T2DM (Type 2 diabetes) were in methods.
Abbreviations: BCAAs, branched-chain amino acids; SOD, superoxide dismutase.
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Similarly, L-Val levels were independently positively associated with MDA in different glucose metabolism groups
(NGM, prediabetes, and NDM) in model 2 (Table 1B).

Comparison of Clinical Parameters According to the Level of L-Val Quartiles
Participants were divided into four groups according to the level of L-Val quartiles. As shown in Table 3, most of the
parameters did not differ among the four groups except for gender, WC, BMI, FPG, LnHbA1c, LnTG, SUA and MDA.
As L-Val quartiles increased, subjects were more likely to have higher WC, BMI, FPG and more unfavorable lipid profile
(increased LnTG and decreased HDL-C). Moreover, after adjusting for several traditional risk factors, there was
a significant trend toward higher MDA levels and the ratio of NGM.

Association Between L-Val Quartiles, MDA and HOMA-IR
The synergistic effect of L-Val and MDA in HOMA-IR were described in Figure 1. The stepwise increased L-Val levels
showed a significant, additive role to IR levels in both high and low MDA level. It seems that L-Val and MDA
synergistic increased IR.

Multiple Logistic Regression Analysis for the Incidence of NDM
After adjusting for age, gender, smoking, BMI, MDA, SBP, DBP, TC, TG, HDL-C LDL-C, SUA, eGFR and smoking
status., L-Val were independently associated with NDM risk (OR= 1.06 95% CI 1.02–1.10; P=0.005) (Table 4). To

Table 2 Characteristics of the Study Participants (n=816)

NGM (n = 380) Prediabetes (n = 334) NDM (n = 102) P value

Male (%) 123 (32.4) 121 (36.2) 35 (34.7) 0.096
Age (years) 57.56 ± 5.79 59.38 ± 5.79 60.08 ± 6.21 < 0.001

Smoking (%) 58 (15.2) 57 (17.1) 18 (17.3) 0.577

Hypertension (%) 75 (19.6) 124 (37.1) 36 (35.6) 0.033
WC (cm) 81.26 ± 8.88 84.22 ± 9.58 87.24 ± 13.97 < 0.001

BMI (kg/m2) 23.87 ± 2.90 24.70 ± 3.05 26.18 ± 4.21 < 0.001

SBP (mmHg) 141.46 ± 20.11 139.42 ± 19.31 139.93 ± 19.64 0.597
DBP (mmHg) 84.75 ± 13.94 83.81 ± 13.31 84.27 ± 13.19 0.073

TC (mmol/L) 5.11 ± 0.82 5.26 ± 0.85 5.27 ± 0.99 0.008
TG (mmol/L) 1.55 (0.50, 8.22) 1.79 (0.58, 7.43) 1.85 (0.83, 12.5) < 0.001

HDL-C (mmol/L) 1.47 ± 0.65 1.33 ± 0.38 1.29 ± 0.30 < 0.001

LDL-C (mmol/L) 2.68 ± 0.68 2.87 ± 0.71 2.85 ± 0.79 < 0.001
SUA (mmol/L) 271.09 ± 76.87 293.68 ± 78.21 295.94 ± 78.04 < 0.001

BUN (mmol/L) 5.11 ± 1.39 5.07 ± 1.21 4.95 ± 1.33 0.282

Serum creatinine (mg/dL) 0.79 ± 0.17 0.78 ± 0.16 0.79 ± 0.18 0.656
eGFR (mL/min per 1.73 m2) 90.51 ± 13.76 91.03 ± 13.25 90.20 ± 14.77 0.540

HbA1c (%) 5.32 (4.3,5.6) 6.04 (5.0,6.4) 7.14 (6.0,11.8) < 0.001

FPG (mmol/L) 5.06 ± 0.31 5.62 ± 0.57 7.35 ± 2.42 < 0.001
BCAAs

L-Leu (μg/mL) 25.57 ± 5.13 26.64 ± 5.43 27.74 ± 5.11 < 0.001

L-Ile (μg/mL) 12.68± 2.97 13.22± 2.91 13.67± 2.51 < 0.001
L-Val (μg/mL) 30.75± 12.12 31.48± 5.81 32.47± 5.57 < 0.001

MDA (nmol/L) 0.86 ± 0.71 0.83 ± 0.47 0.95 ± 0.43 0.023

SOD (u/mL) 59.53± 12.12 56.39 ± 13.46 56.98± 12.39 0.040

Notes: Data were presented as means (±SD) or median with range (minimum, maximum) as appropriate, and categorical variables are expressed as number (%).
Comparisons between the three groups were made using ANOVA or Fisher’s exact test, as appropriate. P values testing the overall difference among different glucose
metabolism groups. International system of units (SI) conversion: serum creatinine, 1mg/dl=88.41umol/L.
Abbreviations: NGM, normal glucose metabolism; NDM, newly diagnosed diabetes; WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; TG,
triglycerides; TC, total cholesterol; SUA, serum uric acid; BUN, urea nitrogen; e-GFR, estimated glomerular filtration rate; L-Leu, L-leucine; L-Ile, L-isoleucine; L-Val,
L-valine; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; BCAAs, branched-chain amino acids; SOD, superoxide dismutase; MDA, malondialdehyde.
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further investigate the relationship between L-Val levels, MDA and risk of NDM, subjects were divided into four sub-
groups based on the levels of L-Val quartiles (Table 4). After adjusting for age, gender, smoking, BMI, MDA, SBP, DBP,
TC, TG, HDL-C, LDL-C, SUA, eGFR and smoking status, compared with the reference (L-Val I (<27.26 μg/mL)),
participants in L-Val IV (≥ 35.25 μg/mL) group had a significantly increased risk of NDM (OR= 2.25 95% CI 1.11–4.57;
P=0.024). However, there were no significant associations for those in L-Val II and L-Val III groups.

Figure 1 Association between L-Val, MDA and HOMA-IR.

Table 4 Multiple Logistic Regression Analyses of the Relationship Between L-Val, MDA and NDM

Independent Variable Model 1 Model 2 Model 3

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

L-Val (μg/mL) 1.08 (1.04–1.11) <0.001 1.08 (1.03–1.12) 0.001 1.06 (1.02–1.10) 0.005
L-Val

I 1 1 1

II 1.62 (0.81–3.27) 0.175 1.47 (0.79–3.26) 0.297 1.62 (0.77–3.44) 0.205
III 1.97 (0.998–3.89) 0.051 1.35 (0.71–3.05) 0.415 1.25 (0.59–2.64) 0.562

IV 2.61 (1.47–4.61) 0.001 2.37 (1.20–4.69) 0.013 2.25 (1.11–4.57) 0.024

Notes: Model 1: un-adjusting. Model 2: adjusting for age, gender BMI and MDA. Model 2: adjusting for age, gender, BMI, MDA, SBP, DBP, TC, TG, HDL-C, LDL-C, eGFR and
smoking status. Definitions of T2DM were in statistical analysis. Classifying patients into four sub-groups on the basis of the level of L-Val quartiles.
Abbreviations: CI, confidence interval; L-Val, L-valine; MDA, malondialdehyde; T2DM, type 2 diabetes.
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Discussion
Our data showed that 1) L-Val was positively correlated with MDA levels in different glucose metabolism groups and
negatively correlated with SOD in NDM group, showing a linkage between L-Val and oxidative stress. 2) High L-Val
levels (≥ 35.25μg/mL) were significantly associated with higher BMI, WC, FPG, HOMA-IR, MDA, more unfavorable
lipid profile (increased LnTG and decreased HDL-C) and NDM. 3) the OR for the risk of NDM were 2.25-fold (95% CI
1.11–4.57; P=0.024) among participants in high L-Val group compared with the participants in low L-Val group after
adjusting for MDA and other risk factors. These findings suggest that high L-Val (≥ 35.25μg/mL) could elevate MDA,
thus promoting NDM. 3) In our study, it is more sense for prevention of T2DM because subjects were middle-aged and
elderly and relatively healthy due to many chronic diseases excluded including the history of DM.

Recent years, more evidence has showed that elevated levels of BCAAs predict future IR or T2DM and is suggested
causative factor in IR and T2DM. In a study, more than 100 analytes were measured in plasma samples from obese,
insulin-resistant versus lean, insulin-sensitive subjects.24 Newgard et al surprisingly found the components most strongly
associated with insulin resistance were not lipid-related, but BCAAs (Val, Leu, Ile) and AAAs (phenylalanine (Phe),
tyrosine (Tyr)). The preferential association of this BCAA-related metabolite cluster as a new risk factor with IR, T2DM
and CVD was discussed in many cross-sectional studies.25–27

As we know, when excessive ROS overwhelm the defense system or exceed its scavenging capability, oxidative
stress may be ineluctable. A study revealed that BCAA dysmetabolism leads to the accumulation of toxic metabolites
that maybe cause mitochondrial elevated ROS levels.28 In our study we observed a significant positive correlation
between serum L-Val levels and MDA (an index of lipid peroxidation) in different glucose metabolism groups. L-Val
levels were also found to be negatively related to the SOD levels in NDM group. However, the mechanism is unclear.
BCAAs may significantly down-regulated the expression of some antioxidant genes and up-regulating the expression of
some oxygen transporters in the brain of C57Bl/6J mice.29 Addition of BCKAs as metabolites of BCAAs to glial cells or
to the cerebral cortex increases lipid peroxidation and oxidative stress leading to mitochondrial bioenergetic
dysfunction.11 BCAA could promote endothelial dysfunction through increased ROS generation and inflammation
which contribute to the increased cardiovascular risk.13,30 However, there are some inconsistent studies.16–18 Recent
study concluded BCAAs counter oxidative stress in the kidneys of diabetic rats via decreasing ROS levels, proteinuria
and alleviate diabetic kidney injury via the JNK/TGF-b/MMP-9 pathway.31 And administration of BCAAs and micro-
elements is likely to suppress the progression of non-alcoholic steatohepatitis (NASH) by reducing oxidative stress,
primarily via the downregulation of the endoplasmic reticulum (ER) stress pathway.18 However, human research is
differed from animal in BCAAs tolerance dose, BCAAs metabolism and status of the oxidative stress. Accordingly,
a large multi-center study is necessary to evaluate the relationship between the serum amino acids and oxidative stress in
population.

Interestingly, there is no association among L-Leu, L-Ile, MDA and SOD in our study. A large scale, cross-sectional
and prospective analyses of ethnicity, amino acids and diabetes in a South Asian and European cohort reported that the
increased levels of Ile, Tyr, alanine and glutamine were seen in more centrally obese South Asian men.27 They explained
that altered amino acids metabolism in the liver, kidneys, muscle or adipose tissue is due to different races. According to
our data, it is inferred that whether the valine metabolic abnormalities is popular in Asian populations. However, it is
necessary to verify by a large multi-centers research in different races.

L-Val were independently associated NDM in our study in accordance with previous cross-sectional studies.32,33 As
L-Val levels increased, there was a significant trend toward higher ratio of NDM. However, the mechanism of this
association is not clear. One hypothesis is that an excess of dietary BCAAs activates mTORC1 signaling, which leads to
IR and T2DM.5,24,34 However, it is contradictory that supplementing or increasing circulating levels of BCAAs is
associated with metabolic improvements despite increased mTORC1 signaling.35 Moreover, individuals with morbid
obesity have raised levels of BCAAs that normalize after gastric bypass surgery, however, mTORC1 activation in muscle
did not change after gastric bypass surgery in a longitudinal study.35,36

The second hypothesis originates from studies of MSUD.9 BCAA dysmetabolism leads to the accumulation of toxic
metabolites that maybe cause mitochondrial dysfunction in pancreatic islet β cells (or elsewhere) and could be associated
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with insulin resistance and T2DM.11,37 In our study, after adjusting for T2DM risk factors, high L-Val levels were
significantly associated with higher BMI, WC, FPG, more unfavorable lipid profile (increased LnTG and decreased
HDL-C). A longitudinal study from Japan showed that plasma free amino acids profile can predict the four-year risk for
developing lifestyle-related diseases, including diabetes, dyslipidemia, hypertension and metabolic syndrome in a general
Japanese population which based on oxidative stress and IR.33 Similarly we concluded that BCAAs are associated with
metabolic dyslipidemia and metabolic syndrome in previous study.10,20 Moreover, the odds ratios (OR) for NDM were
2.25-fold among participants in high L-Val group compared with the participants in low L-Val group in our study after
adjusting for MDA and other risk factors. These findings suggest that elevated L-Val concentrations may elevate MDA,
thus contributing to NDM. But mechanism remains unclear. Therefore, further investigation on L-Val, oxidative stress
and mitochondrial function in pancreatic islet β cells in animal model is necessary.

There are some limitations in our study. First, the index of oxidative stress detection was too single, the evaluation of
oxidative stress was not comprehensive. Second, a cross-sectional study cannot infer the causality between BCAAs,
MDA and NDM. Third, this study was a single-center study, and our population consisted primarily of urban workers
who underwent an annual health checkup and had a low prevalence of NDM.

Conclusion
In conclusion, our results suggest that L-Val is an independent risk factor of oxidative stress in different glucose
metabolism groups. Moreover, high L-Val levels with oxidative stress could be a significant risk factor for increased
T2DM incidence risk; and that elevated MDA may contribute to IR and an increased NDM in subjects with high L-Val
levels. Intervention studies are needed to investigate whether a strategy to reduce L-Val levels can improve oxidative
stress and reduce the risk of T2DM incident.
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