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Background: Branched chain amino acids (BCAAs) have been revealed to be closely related to insulin resistance and obesity. This 
study aimed to investigate if BCAA levels at baseline are related to an improvement in insulin resistance after implementing a weight 
loss program intervention.
Methods: Stored blood samples from participants in previous trials were used for BCAA evaluation. Linear regression was used to 
analyze the relationship between baseline amino acid levels and changes in the insulin resistance index (HOMA-IR) and blood 
glucose.
Results: A total of 48 participants were enrolled. After the intervention, the body weight (78.29± 12.68 vs 72.06 ± 13.30 kg, p=0.020), 
fasting glucose (4.76 ± 0.43 vs 4.48 ± 0.39 mmol/L, p=0.001), fasting insulin (18.41±13.58 vs 12.87±10.88, p=0.028), and HOMA-IR 
(4.01±3.39 vs 2.62± 2.18, p=0.018) were improved significantly. BCAA levels were related to the improvement in HOMA-IR (β= 
−0.006, p=0.039), and valine was found to be the most closely related to the improvement in HOMA-IR (β=−0.013, p=0.017).
Conclusion: The baseline BCAA is related to the improvement in insulin resistance among participants after a weight loss 
intervention.
Keywords: obesity, branched chain amino acid, weight loss, insulin resistance

Introduction
In the past decades, the incidence of overweight and obesity has been increasing rapidly and has become one of the major 
public health issues in China. The prevalence of obesity in China has been estimated to be around 15% according to 
epidemic studies.1

Branched chain amino acids (BCAAs) were revealed to be strongly related to obesity and insulin resistance in both 
population and animal studies.2,3 An epidemiology study showed that a higher intake of BCAAs in daily life may lead to 
a higher risk of obesity and insulin resistance.4 The circulating BCAA level has been reported to decrease with a decrease 
in the body weight after diet intervention or weight loss surgery.5,6

To achieve weight-loss, several diet interventions have been developed and used. Among them, an intervention 
system integrating a mobile app, wireless body composition scale, and diet replacement product, called the Metawell 
program, was developed in China and has been proven to be effective in previous studies.7,8 However, whether this 
intervention can improve insulin resistance in obese patients, and whether the circulating BCAAs are related to the 
improvement in glucose metabolism remains unknown.

Therefore, this study analyzed the association between the Metawell weight loss intervention program and improve-
ment in insulin resistance in obese patients, as well as the association between BCAAs and improvement in insulin 
resistance in patients.
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This study complies with the Declaration of Helsinki and have been approved by the ethics committee of Hospital of 
Chengdu Office of People’s Government of Tibetan Autonomous Region.

Methods
Population and Weight Loss Interventions
The samples and related data were acquired from the DIOP study; the inclusion criteria for participants and diet 
intervention programs have been described in detail in the previously published protocol of this study.9

The participants’ age was between 18 and 70 years and body mass index 25–40 kg/m2, and they had at least one of 
the following condition listed: history of hypertension or either systolic blood pressure >120 mmHg or diastolic blood 
pressure >80 mmHg; abdominal circumference >96 cm (90 cm for women); fasting triglycerides >1.69 mmol/L; history 
of type 2 diabetes mellitus managed with lifestyle interventions (not on insulin or oral medications) or fasting blood 
glucose >5.6 mmol/L; HDL cholesterol <1.04 mmol/L (1.3 mmol/L for women).

In this study, we chose 48 participants in the intervention group and sent their blood samples, from before and after 
the intervention, stored in a −80°C freezer, for the evaluation of amino acid levels.

During the intervention period, all these Participants in intervention group had been guided to use meal replacement 
product to replace their daily meal, monitor and upload their body composition data using a wireless scale. Their daily 
energy intake had been limited to 800–1200 kcal and daily protein intake would be about 10g/day.

Clinical Measurements
Age, weight, waist circumstance, hip circumstance, fasting glucose, and fasting insulin level of the participants were 
extracted from the database of DIOP study. The detection methods have been described in our previous study9 As a brief, 
body weight and height were measured using an ultrasonic height-weight scale (DHM-200, Dinghengkeji, Hennan 
China) and alanine aminotransferase (ALT) blood glucose and insulin levels were tested by automatic biochemical 
analyzer (7180, HITACHI, Japan). The insulin resistance index was calculated using Homeostatic Model Assessment for 
Insulin resistance index (HOMA-IR) model with the fasting glucose and fasting insulin levels.10

Serum Amino Acid Test
The serum samples were dried with nitrogen and re-dissolved. Then, 20 μL of the samples was added to an HPLC-MS 
/MS system (SHIMADZU LC20, API 3200MD) with a mobile phase of methanol and 0.2% formic acid (80:20, V/V) at 
a flow rate of 30 μL/min for separation. The mass spectrometry detection was performed using an electrospray ionization 
source, and multiple reaction monitoring (MRM) scanning.

Statistical Methods
Data were presented as mean ± standard deviation (SD) for continuous data and n (n%) for categorical data. The differences 
in the clinical measurements before and after the intervention were analyzed using the paired t-test. According to Yin’s study 
(Insulin resistance determined by Homeostasis Model Assessment (HOMA) and associations with metabolic syndrome 
among Chinese children and teenagers), the participants were divided into two groups, participants with a HOMA-IR >3 
would be defined as insulin resistant, and those with HOMA-IR≤3 defined as non-insulin resistant. Differences in the amino 
acids levels between the two groups were analyzed using the independent t-test. Linear regression was used to analyze the 
relationship between baseline amino acid levels and the change in HOMA-IR and glucose levels, the age and gender of 
participants, baseline BMI will be adjusted. P<0.05 was considered as statistically significant.

Results
Changes in Anthropometrical and Clinical Measurements After the Intervention
A total of 48 participants were enrolled in this study, out of whom, 30 (62.50%) participants were women. The average 
age was 34.55 years. After the intervention, the bodyweight of the participants decreased along with an improvement in 
the fasting glucose and insulin resistance. The changes in the participants’ weight, BMI, waist circumstance, hip 
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circumstance, fasting glucose, and HOMA-IR were statistically significant. The changes in the clinical measurements are 
summarized in Table 1.

Relationship Between Aromatic Amino Acids and Improvement in Insulin Resistance, 
and Other Metabolic Indices
Patients were divided into two groups based on their baseline HOMA-IR, and the differences in amino acids and other 
clinical characteristics were compared between the groups (Table 2). The levels of leucine, valine, phenylalanine, 
tryptophan, aromatic amino acids (AAAs), and BCAAs were higher in the insulin resistance group.

The results of correlation analysis showed that the decrease in HOMA-IR after weight loss correlated with the 
baseline levels of BCAAs (Figure 1). Also, changes in baseline phenylalanine and valine were statistically significant in 
relation to the improvement in insulin resistance. After adjusting for the age, gender and baseline BMI of participants, the 

Table 2 Differences in the Baseline Amino Acid Levels and Clinical Characteristics Between the 
Non-Insulin Resistance and Insulin Resistance Groups

Variables Non-Insulin Resistance (n=24) Insulin Resistance (n=24) P-value

Age, years 37.62±11.54 31.88±7.57 0.047
BMI, kg/m2 27.55±2.17 29.02±2.82 0.047

Waistline, cm 96.49±6.96 99.74±7.87 0.136
Fasting glucose, mmol/L 4.61±0.43 4.89±0.39 0.020

HOMA-IR 2.26±0.43 5.09±2.84 <0.001

Leu, μmol/L 153.83 ± 25.84 172.10±29.48 0.027
Ile, μmol/L 68.99±14.56 74.75±13.47 0.161

Val, μmol/L 258.42 ± 39.41 287.42±50.02 0.031

Tyr, μmol/L 65.99±13.25 71.68 ± 13.84 0.152
Phe, μmol/L 88.93±12.52 100.38±15.95 0.008

Trp, μmol/L 53.81±9.07 60.01± 10.02 0.029

AAA, μmol/L 208.73±29.64 232.07±34.99 0.016
BCAA, μmol/L 481.24±77.22 534.27±88.44 0.032

Abbreviations: Leu, leucine; Ile, isoleucine; Val, valine; Phe, phenylalanine; Trp, tryptophan; Tyr, tyrosine; AAA, aromatic amino 
acids; BCAA, branched chain amino acids.

Table 1 Changes in the Anthropometrical and Clinical 
Measurements (n=48)

Variable Before After P-value

Age, years 34.55 ± 10.07 - -

Female, (%) 30 (62.50) - -

Height, m 165.31 ± 8.26 - -
Weight, kg 78.29± 12.68 72.06 ± 13.3 0.020

BMI, kg/m2 28.51 ± 3.01 26.27 ± 3.52 0.001

WC, cm 98.67± 8.42 90.82 ± 10.26 <0.001
HC, cm 106.83 ± 5.88 100.89± 6.89 <0.001

FPG, mmol/L 4.76 ± 0.43 4.48 ± 0.39 0.001
FINS, μU/mL 18.41±13.58 12.87±10.88 0.028

HOMA-IR 4.01±3.39 2.62± 2.18 0.018

Notes: Data are expressed as mean ± standard deviation (SD) or median 
(25th, 75th percentile) for continuous variables, and n (%) for categorical 
variables. 
Abbreviations: BMI, body mass index; WC, waist circumference; HC, 
hip circumference; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; ALT, alanine aminotransferase; FPG, fasting plasma glucose; 
FINS, fasting insulin; HOMA-IR, insulin resistance index.
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mean HOMA-IR levels decreased by 0.6 (95% confidence interval [CI]: 0.03–0.13, p=0.042) for every 100 increase in 
the BCAA levels (Table 3). The decrease in the fasting glucose level was associated with baseline levels of AAA 
(Figure 2). After adjustment, Isoleucine, tryptophan, and tyrosine levels were statistically significant in relation to the 
improvement in the fasting glucose while the relationship between baseline AAA and decrease in glucose level was not 
statistically significant after adjustment (Table 4).

Figure 1 Relationship between baseline aromatic amino acids (AAAs) and branched chain amino acids (BCAAs) and the change in the insulin resistance index. (A) Total 
AAAs, (B) Total BCAAs, (C) Isoleucine, (D) Leucine, (E) Phenylalanine, (F) Tryptophan, (G) Tyrosine, (H) Valine.

Table 3 Correlation Between the Baseline Amino Acid Levels and Change in HOMA-IR

Amino Acids Crude Model Adjusted Model*

β (95% CI) p β (95% CI) p

AAA −0.014(−0.029, 0.000) 0.055 −0.015(−0.031, 0.001) 0.072

BCAA −0.006(−0.012, -0.000) 0.039 −0.007(−0.013, -0.000) 0.042
Ile −0.033(−0.068, 0.002) 0.062 −0.036(−0.077, 0.006) 0.089

Leu −0.012(−0.030, 0.005) 0.160 −0.016(−0.038, 0.006) 0.140

Phe −0.034(−0.066, -0.002) 0.040 −0.037(−0.074, 0.000) 0.050
Trp −0.032(−0.083, 0.019) 0.209 −0.030(−0.084, 0.024) 0.272

Tyr −0.029(−0.065, 0.008) 0.119 −0.028(−0.068, 0.012) 0.159

Val −0.013(−0.023,-0.002) 0.017 −0.013(−0.024,-0.002) 0.024

Note: *Adjusted for age, gender, and baseline BMI. 
Abbreviations: Leu, leucine; Ile, isoleucine; Val, valine; Phe, phenylalanine; Trp, tryptophan; Tyr, tyrosine; AAA, 
aromatic amino acids; BCAA, branched chain amino acids; CI, confidence interval; HOMA-IR, insulin resistance 
index.
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In addition to insulin resistance, there was a statistically significant correlation between baseline aromatic amino 
acids/branched-chain amino acids and aminotransferase level (Supplementary Table 1).

Discussion
Our main finding was that the baseline BCAA level was associated with an improvement in insulin resistance in 
participants after a diet intervention program for weight loss with a lowering of the fasting glucose level.

Figure 2 Relationship between baseline aromatic amino acids (AAA) and branched chain amino acids (BCAA) and changes in the fasting glucose level. (A) Total AAAs, (B) 
Total BCAAs, (C) Isoleucine, (D) Leucine, (E) Phenylalanine, (F) Tryptophan, (G) Tyrosine, (H) Valine.

Table 4 Correlation Between the Baseline Amino Acid Levels and Change in Fasting 
Glucose

Amino Acids Crude Model Adjusted Model*

β (95% CI) p β (95% CI) p

AAA −0.004(−0.007, -0.000) 0.045 −0.004(−0.008, 0.000) 0.045

BCAA −0.001(−0.003, 0.000) 0.081 −0.001(−0.003, 0.000) 0.081

Ile −0.010(−0.019,-0.002) 0.017 −0.012(−0.022,-0.001) 0.017
Leu −0.003(−0.007, 0.002) 0.248 −0.003(−0.008, 0.003) 0.248

Phe −0.002(−0.010, 0.007) 0.661 −0.000(−0.010, 0.010) 0.661

Trp −0.013(−0.025, -0.001) 0.036 −0.014(−0.027, -0.001) 0.036
Tyr −0.014(−0.022, -0.005) 0.002 −0.015(−0.024, -0.005) 0.002

Val −0.002(−0.005, 0.000) 0.074 −0.002(−0.005, 0.001) 0.074

Note: *Adjusted for age, gender, baseline BMI. 
Abbreviations: Leu, leucine; Ile, isoleucine; Val, valine; Phe, phenylalanine; Trp, tryptophan; Tyr, tyrosine; AAA, 
aromatic amino acids; BCAA, branched chain amino acids; CI, confidence interval.
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After a three-month intervention using a diet replacement product, our participants showed a significant improvement 
in insulin resistance along with a decrease in the body weight. The results of DiRECT study showed that a primary care- 
led weight loss intervention program can lead to a remission of type 2 diabetes, with diabetes remission found in about 
36% of the participants in the intervention group.11 The results of our study confirmed that diet replacement interventions 
can also improve insulin resistance in non-diabetic participants.

On comparing the baseline BCAA and AAA levels between the non-insulin resistance and insulin resistance group, 
we found that the BCAA and AAA levels were significantly higher in the insulin resistance group, and baseline BCAA 
level is related to the improvement of insulin resistance after weight loss intervention. BCAAs were usually considered 
closely related to metabolic unhealthy obesity and a consequence of insulin resistance, they indicated the abnormal 
protein breakdown. However, we can still find robust evidence that BCAAs also play an important role in the 
development of insulin resistance.12 Many epidemic studies have revealed elevated BCAA levels in participants with 
insulin-resistance.2 Many studies also revealed that a higher baseline BCAA level was correlated with a higher baseline 
HOMA-IR as well as a greater decrease in HOMA-IR after weight loss,5 and after weight loss interventions, such as 
restricting protein intake and surgery, the blood BCAAs will decrease along with a decreasing in body weight.13–15 

Zhou’s team had performed a study using ob/ob mice to further confirm the causal relationship between BCAAs and 
insulin resistance. They find that in ob/ob mice, restoring BCAA catabolic flux or limiting the intake of BCAA can 
reduce the abundance of BCAA and attenuate insulin resistance of these mice.16 Our findings were consistent with the 
findings of the above study.

Valine was found to be the most closely associated with the improvement in HOMA-IR, and tyrosine was most 
closely related to the improvement in blood glucose after weight loss. This finding was similar of Newgard’s research, 
which indicated that a reduction in valine or isoleucine alone is sufficient to recapitulate the beneficial effects of reducing 
all BCAAs,2 also, Yu’s team found that a restriction in valine intake will promote the metabolic health in mice.17 The 
effect of valine was mediated by 3-HIB, an intermediate of valine, and first reported by Jang. An accumulation of valine 
will lead to the elevation of 3-hydroxyisobutyrate (3-HIB), and the elevated 3-HIB level will activate endothelial fatty 
acid transport and promote muscle lipid accumulation.18 Meanwhile, 3-HIB will mediate the increase in basal muscle 
glucose uptake, then leading to glucotoxicity, both effects will lead to an result of insulin resistance.19 Lee et al also 
found elevated 3-HIB levels in individuals with dysglycaemia.20 Elevated oxidative stress is another possible way that 
valine causing insulin resistance. Hu’s team found that L-Val levels were associated with a higher fasting plasma glucose 
level and oxidative stress. However, further studies should be performed to confirm this mechanism.21 Tyrosine, one of 
the aromatic amino acids, was considered as a promising biomarker to distinguish metabolic unhealthy obesity from 
metabolic healthy obesity,12 Li’s study suggests that the risk of people with tyrosine level higher than 46μmol/L to be 
diabetic was higher.22

Furthermore, we find that the baseline BCAA level is correlated with the improvement in liver function through the 
lowering of ALT. A study on the relationship between BCAAs and Non-alcoholic Fatty Liver Disease (NAFLD) reported 
that the during follow-up, participants with a higher baseline valine level showed a greater increment in the hepatic fat, 
and the increase in the area under the curve (AUC) of plasma valine for predicting hepatic fat fraction (HFF) was 
0.803.23 Therefore, we assume that the correlation between plasma BCAAs and improvement in liver function was 
caused by the improvement in NAFLD in our participants; however, further studies are required to confirm this.

The main limitation of our study is that because of the short follow-up period, it was difficult to observe the effect of 
the dietary intervention and BCCAs on insulin resistance in the medium- and long-term. Comparing baseline BCAA 
levels, the change in BCAAs was more of interest and a study on the relationship of change in BCAAs and the 
intermediate products of BCAAs and improve of insulin resistance will provide more clues on the underlying mechan-
ism, limited by funding, we did not perform the evaluation of BCAAs and any of the intermediates of BCAA levels after 
intervention, this is another limitation of our study.

Data Sharing Statement
These data won’t uploaded online, please contact corresponding author to acquire data.
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