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 Type 2 diabetes constitutes a major threat to public health, and non-ideal 

control leads to chronic hyperglycemia. This kind occurs due to the 

resistance of the body's cells to the action of insulin hormone which is 

caused by multiple factors, most notably the overweight and lack of 

physical activity, or may be due to the lack of production of a sufficient 

quantity of insulin by the pancreas or both. Current study was aimed to 

observe the total branched chain amino acids, valine, leucine, isoleucine, 

insulin, C-peptide and insulin resistance and their relationship in type 2 

diabetes mellitus patients. One hundred types 2 diabetes mellitus patients 

and an additional 75 non-diabetic controls were recruited. Age and body 

mass index of the subjects were recorded. Plasma total branched chain 

amino acids, valine, leucine and isoleucine, serum glucose, HbA1c, insulin 

and C-peptide were measured from the collected plasma and serum samples 

and HOMA-IR was calculated. Total branched chain amino acid, valine, 

leucine, isoleucine, the levels of serum glucose, HbA1c, insulin, c-peptide, 

and HOMA-IR showed significant increase in type 2 diabetes mellitus 

patients as compared to control group (P<0.05). In addition, an increase 

level of BCAAs was positively associated with high HbA1c level, serum 

insulin, C-peptide and insulin resistance in type 2 diabetes mellitus. 
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1. INTRODUCTION 

Type 2 Diabetes Mellitus (T2DM) is one of the most common metabolic illnesses in the world, and it is 

caused by a combination of two basic factors: decrease insulin secretion by pancreatic β-cells and the failure 

of insulin-sensitive tissues to respond to insulin [1]. Insulin resistance refers to a cell's inability to respond to 

insulin's function in transferring glucose from the bloodstream into muscle and tissue. Insulin resistance 

develops in humans as a result of obesity and type 2 diabetes [2]. Insulin resistance characterizes obesity and 

type 2 diabetes, which is frequently associated with aberrant insulin production. This form of diabetes 

accounts for roughly 90–95 percent of all diabetes cases [3]. In Iraq, the prevalence of type 2 diabetes reached 

epidemic proportions in 2007, affecting an estimated 2 million people, or 7.43 percent of the population [6]. 

Diabetes, in any form, raises the risk of long-term consequences. These consequences may appear after many 

years (10–20 years), but they may appear first in those who have never been diagnosed. The most serious 

long-term consequence is vascular injury. Diabetes increases the risk of cardiovascular disease by a factor of 
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two [7]. Branched-chain amino acids (BCAAs) are important nutritional signals that influence metabolism 

directly or indirectly. The BCAAs comprise leucine, isoleucine, and valine [8]. BCAAs are plentiful in dietary 

proteins, accounting for up to 15%–20% of total protein intake, which rises following a protein-rich meal [9]. 

Branched-chain amino acids, unlike most amino acids, are not catabolized in the liver. This is due to the 

liver's poor enzyme activity, which catalyzes the first step of catabolism. As a result, these amino acids rapidly 

proliferate in the circulatory system after protein consumption [10]. 

 

Insulin resistance is thought to be caused by a number of processes, including carbohydrates, proteins, and 

lipids [11]. Increased levels of branched-chain amino acids (BCAAs) in circulation, such as isoleucine, 

leucine, and valine, can be a contributing component in the pathophysiology of insulin resistance [12]. In 

cases of obesity and insulin resistance, increased BCAAs concentration is a common occurrence [12- 14]. 

 

Insulin is a critical hormone in glucose metabolism; it aids glucose transit into cells, where glucose is used as 

an energy source. Other energy sources, such as lipids and proteins, are available if cells do not receive enough 

energy [15]. In skeletal muscle, insulin deficiency contributes to enhanced gluconeogenesis, glycogenolysis, 

and protein breakdown [16]. As a result, changes in amino acid levels may be used as biomarkers for diabetes. 

When proinsulin is divided into insulin and C-peptide, the C-peptide is produced. Before proinsulin is released 

from pancreatic endocytic vesicles, it breaks into C-peptides, one for each insulin molecule [17]. C-peptide 

is frequently used in clinics to evaluate diabetic patient beta cell function and to distinguish between type 1 

and type 2 diabetes [18]. Patients with type 1 diabetes have a pancreas that is unable to make insulin, resulting 

in lower levels of C-peptide and insulin, whereas C-peptide and insulin levels in type 2 patients are usually 

normal or greater than normal [19], [20]. 

 

2. MATERIALS AND METHODS 

This study is conducted at the Center of Diabetes and Endocrine Glands in Thi-Qar governorate, The study 

included 175 subjects; 75 normal healthy subjects as controls (35females and 40 males) and 100 patients with 

Type 2 Diabetes (50 females and 50 males) with an age range of 35-70 years old. The diagnosis of T2DM 

was performed on the basis of the recommended criteria by WHO (2006). 

 

Venous blood samples were obtained after at least 8 hours overnight fasting from the patient and control 

groups by venipuncture and collected in ethylenediaminetetraacetic acid (EDTA) and plain test tubes. The 

blood samples were centrifuged at 3000 rpm for approximately 10 minutes, and then plasma and serum were 

separated into EDTA and plain test tubes, to collect plasma and serum and kept in the freezer (-20°C) until 

use unless used immediately to analyze biochemical parameters. 

 

Body mass index (BMI) was calculated as body weight (in kilograms) divided by the square of body height 

(in meters), where the height and weight were measured (without heavy clothing and shoes), for each 

participant. The serum concentration of FBS and HbA1c were measured by using electrochemiluminescence 

immunoassay (Roche-Hitachi Cobas e 400) using quantitative kits (Roche Diagnostics, Germany), serum 

concentration of insulin and C-Peptide were measured by using electrochemiluminescence immunoassay 

(Roche-Hitachi Cobas e 411) using quantitative kits (Roche Diagnostics, Germany) and Homeostatic model 

assessment for insulin resistance (HOMA-IR) was calculated as [insulin (µU/mL) × FPG (mg/dL)/405]. 

 

The plasma concentration of total branched chain amino acids was measured by using ELISA (Mybiosource 

/USA) and plasma concentrations of valine, leucine and isoleucine were measured using Sample Preparation 

Kit for amino acid analysis (Germany). 
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2.1 Statistical Analysis 

The statistical analysis was done using SPSS v 23 and the results were expressed as mean ± standard deviation 

(mean ± SD). It was used T test to compare study groups. Pearson's correlation was applied to determine the 

relationship among the present study parameters. P-values (P<0.05) were considered statistically significant. 

 

3. RESULTS 

A total of 175 subjects were included in the present study. There were 100 patients with type 2 DM and 75 

healthy individuals considered as control group. 

 

Table 1 shows the demographic features of all groups regarding age, gender, BMI, fasting blood glucose and 

HbA1c.  

 

Table (1) Demographic features of diabetic patients and non-diabetic subjects. 

Groups 

 
NO. Age 

mean± SD 

Gender 

M/F 

BMI(Kg/m2) 

mean± SD 

FBG(mg/dl) 

mean±SD 

HbA1c (%) 

 

Control   75 52.78±14.36 

 

  40 /35 24.56±3.89 90.26±8.69 5.21±0.52 

Patients  100 53.84±12.17   50/50 29.44±5.51 171.75±27.83 8.09±1.00 
P.value    0.0001 0.0001 0.0001 

 

Table 2 show that there was a significant increase in total BCAAs (TBCAA) level in type 2 DM subjects 

compared with that of control (29.04±4.45 vs. 21.13±5.72 Ug/ml, (P < 0.05)), valine (112.23±15.73 vs 

77.61±11.91Umol/L, (P <0.05)), leucine (60.09±12.99 vs 46.54±7.85 Umol/L, (P <0.05)) and isoleucine 

(38.21±7.72 vs 27.34±6.42 Umol/L, (P <0.05). 

 

Table (2) Branched chain amino acids level of diabetic patients and non-diabetic subjects. 

Groups 

 

No TBCAA (Ug/ml) 

mean±SD 

Valine (Umol/L) 

mean±SD 

Leucine Umol/L) 

mean±SD 

Isoleucine (Umol/L) 

mean±SD 

Control   75 21.13±5.72 77.61±11.91 46.54±7.85 27.34±6.42 

Patients  100 29.04±4.45 112.23±15.73 60.09±12.99 38.21±7.72 

P-.value  0.028 0.040 0.0001 0.0001 

 

Table 3 show that there was a significant elevation (P <0.05) was seen in serum insulin level in type 2 DM 

subjects (20.25±3.45) compared with that of control (8.11±1.93), a significant increase (P <0.05) was seen in 

serum C-peptide in type 2 DM subjects (3.22±1.03) compared with that of control (1.89±0.62), respectively. 

Also, there was a significant increase (P <0.05) was seen in HOMA-IR (8.36±2.16 vs 1.81±0.49) of patients 

compared with controls. 

 

Table (3) Serum insulin, C-peptide and HOMA-IR level of diabetic patients and non-diabetic subjects. 

Groups 

 

No Insulin (µU/ml) 

mean±SD 

C-peptide (ng/ml) 

mean±SD 

HOMA-IR 

mean±SD 

Control   75 8.11±1.93 1.89±0.62 1.81±0.49 

Patients  100 20.25±3.45 3.22±1.03 8.58±2.14 

P-.value  0.000 0.000 0.000 
 

Figure 1 shows the positive correlation between FBG and BCAAs in patients group with correlation 



A. K. Ali, M. A. Auda and M. A. Hussein, 2022                                                          Teikyo Medical Journal 

 

4158 
 

coefficient (r= 0.31), figure 2 shows the positive correlation between HbA1c and BCAAs in patients group 

with correlation coefficient (r= 0.13), figure 3 shows the positive correlation between insulin and BCAAs in 

patients group with correlation coefficient (r= 0.37), figure 4 shows the positive correlation between C-

peptide and BCAAs in patients group with correlation coefficient (r= 0.22) and figure 5 shows the positive 

correlation between HOMA-IR and BCAAs in patients group with correlation coefficient (r= 0.25). 

 

 
Figure (1): The correlation coefficient of BCAA with FBG for all subjects with type 2 diabetes. 

 

 
Figure (2) The correlation coefficient of BCAA with HbA1c for all subjects with type 2 diabetes. 

 

 
Figure 3: The correlation coefficient of BCAA with insulin for all subjects with type 2 diabetes. 
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Figure 4: The correlation coefficient of BCAA with C-peptide for all subjects with type 2 diabetes. 

 

 
Figure 5: The correlation coefficient of BCAA with HOMA-IR for all subjects with type 2 diabetes. 

 

4. Discussion 

Branched-chain amino acids are essential amino acids, that should be included in the diet. They have 

numerous metabolic roles in addition to serving as the fundamental structure for tissue proteins [21]. 

Branched-chain amino acids are thought to be an early sign of insulin resistance and type 2 diabetes, 

regardless of body mass index (BMI) [9], [22]. One technique to keep track of diabetes is to measure blood 

glucose levels. High blood glucose levels in diabetic patients could be attributed to a lack of or resistance to 

insulin or both as found by others [23]. The authors of those investigations of a diabetic community found 

that the fasting blood glucose level is likewise increased, indicating inadequate DM control. In fact, 

hyperglycemia is a hallmark of DM, as are biochemical changes in glucose [24]. In this study's participants, 

an increase in HbA1c corresponded to an increase in FBS. This finding is consistent with [25], who showed 

a positive relationship between FBS and HbA1c. According to the American Diabetes Association, HbA1C 

of 6.5 percent or more is required for diabetes diagnosis, and 5.7-6.4 percent is required for the highest risk 

of diabetes progression [26]. The HbA1c test, also known as the glycated (glycosylated) hemoglobin level, 

detects the amount of glucose linked to hemoglobin and provides a three-month estimate of average blood 

glucose [27]. When diabetic individuals were compared to healthy people, total BCAAs increased by a 

statistically significant amount. The rise in BCAAs in the blood was considered to be due to a decrease in 

BCAAs uptake into the muscles due to decreased insulin action and decreased amino acids use in muscles 

[28]. BCAAs are metabolized in visceral adipose tissues and muscles, according to a recent study, and insulin 

resistance induces a decrease in the expression levels of adipose-tissue BCAAs catabolizing enzymes. [29], 
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[30]. Insulin resistance is defined as a reduction in the target tissues' responsiveness to insulin activity, such 

as skeletal muscle, adipose tissue, and the liver. Insulin resistance results in a decrease in hepatic glucose 

output suppression and impairment of glucose uptake, which is mediated through glucose utilization in 

skeletal muscle and adipose tissue [31]. 

 

Insulin resistance and BCAAs have a substantial relationship [21], [32- 34]. These amino acids may aid in 

the development of insulin resistance and glucose intolerance. A high concentration of BCAAs has been 

linked to a reduction in insulin action [35]. The processes that link BCAAs concentrations to glucose 

metabolism and T2DM are unknown, and it is rarely discussed whether elevated BCAAs concentrations are 

a cause or a result of insulin resistance. High insulin levels have been shown to disrupt the activity of 

branched-chain aminotransferase (BCAT) and branched-chain keto acid dehydrogenase (BCKDH), which 

are enzymes that play a major role in BCAAs metabolism, and T2DM patients have lower BCAT and 

BCKDH expression [36], [37]. BCAAs and metabolites like diacylglycerol and ceramide accumulate as a 

result of this impairment, which may contribute to the development of additional insulin resistance. Another 

theory is that BCAAs, as well as insulin and glucose, activate the mammalian target of rapamycin complex 1 

(mTORC1), which is activated by cellular ATP availability. BCAAs can produce insulin resistance by 

activating mTOR signaling, which leads to insulin receptor substrate-1 (IRS-1) phosphorylation via mTORC1 

and insulin signaling suppression [38], [39]. They found that when T2DM patients were compared to control 

subjects, their insulin levels were higher. [40]. Elevated plasma glucose levels trigger insulin secretion. In 

terms of insulin resistance, elevated level were seen in T2DM patients, which were linked to higher insulin 

levels. These findings are consistent with [41]. Patients had higher insulin hormone levels, insulin resistance, 

and FBS levels than the control group. This discovery can be explained by the fact that insulin resistance is 

most likely the earliest metabolic aberration in type 2 diabetes. Insulin resistance leads to an increase in serum 

glucose, and hyperglycemia stimulates the pancreas to secrete more insulin. The β-cells of the pancreas 

become damaged and cease to function when hyperglycemia is chronic and sustained [42]. When T2DM 

patients were compared to controls, serum C-peptide levels increased considerably. C-peptide is created in 

the same amount as insulin and provides a good representation of endogenous insulin secretion. When 

evaluating β-cell function, C-peptide is commonly employed instead of insulin concentrations. Insulin release 

by the pancreas is considerably (about 50%) destroyed by the liver at first time, and the extent of first-pass 

metabolism and peripheral insulin removal clearance are both variable, thus insulin measurement does not 

reflect accurate insulin production compare to C-peptide [43]. 

 

5. Conclusion 

In conclusion, our results illustrated that there was an elevated level in serum total BCAAs, valine, leucine, 

isoleucine, the levels of serum glucose, HbA1c, insulin, c-peptide, and HOMA-IR in patients with type 2 

diabetes and elevated serum BCAAs was positively associated with high HbA1c level, serum insulin, C-

peptide and insulin resistance. These could provide a new potential explanation for serum BCAAs 

relationship with insulin resistance in patients with T2DM. However, further investigation needs to be done 

for predictive ability of BCAAs on early diagnosis, follow up and monitoring of diabetes or other metabolic 

diseases. 
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