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Background: According to the World Health Organization (WHO), Egypt ranks 18th with 

the highest prevalence of obesity worldwide. The impact of obesity is a result of its 

comorbidities rather than a direct effect. Therefore, it is of utmost importance to investigate its 

risk factors to establish its potential preventive strategies for future complications. This study 

aimed at investigating the disturbances in aliphatic and aromatic amino acids profiles in 

Egyptian obese women. Methods: The study comprised 85 women that were classified into 5 

groups (17 each):1- healthy, 2-overweights, 3-moderate obese, 4-severe obese, 5-morbid obese. 

Plasma metabolomic profile of the previous amino acids was evaluated using an amino acid 

analyzer. Results: Compared with controls, obese subgroups had significantly stepwise higher 

levels in the mean plasma levels of tyrosine, total aromatic amino acids (AAA) and alanine 

together with significantly lower levels of leucine, isoleucine, total branched chain amino acids 

(BCAA), BCAA/AAA ratio and glycine. Conclusion: Multivariate regression analysis indicated 

that the significantly elevated circulating alanine levels were good independent predictors for 

identifying obese patients at risk of associated metabolic disorders. Moreover, the study 

suggested that AA metabolomic profile can be used as useful tools for early prediction of 

overweight women. Amino acids-directed regimens intervention could serve as a specific 

potential targeting strategy for management of obesity. 

Keywords: Overweight; Obesity-subgroups; Aliphatic and aromatic AA profile; prediction; 

chromatography 

 

INTRODUCTION 

 

Obesity is a multifactorial disease 

affecting over a third of the world’s 

population
1-4

.  In Egypt, the prevalence of 

obesity has increased in adults to reach about 

40% of its population
5
. 

Obesity causes a huge clinical, humanistic, 

and economic burden to Egyptians as 

individuals and as a society
5
.  

Metabolomics has emerged as a powerful 

tool to identify novel risk factors for early 

detection of various health related diseases
6
. 

The plasma amino acid profile can be a useful 

indicator in various clinical settings because it 

changes in response to various metabolic 

alternation,
7-9

 hypertension
10

 and diabetes 

mellitous
11. 

 

The major groups of amino acids 

metabolites that were reported previously to be 

dysregulated in obesity are the branched chain 

amino acids (BCAAs) and aromatic amino 

acids (AAAs)
12

. 

In the present study, we aim to examine 

the alteration of plasma aliphatic and aromatic 

amino acids profiles in Egyptian obese women 
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in order to establish potential preventive 

strategies for obesity and its future 

complications. 

 

MATERIALS AND METHODS 

 

Patients 

The present study is a case control study 

which is an extension to our previous study
13

. It 

was conducted in both the Biochemistry 

Department, Faculty of Medicine, Assiut 

university & Internal Medicine Department, 

Assiut University Hospital, Assiut, during the 

period from August 2021 to August 2022. 

A total of 85 Egyptian women that were 

family unrelated and were recruited randomly 

from the attendants of the out-patients clinic of 

Internal Medicine Department. The study 

included 17 age matched, completely healthy 

control women, with no apparent evidence of 

any medical disorders. The age of participants 

ranged between 18-53 years. Their height 

ranged between 130-185 cm and their weight 

ranged between 51-135 kg. 

 

The study participants were subdivided into 5 

groups according to BMI as follows
14

. 

 Group (1): included 17 healthy 

controls (normal), with a BMI of 18.5-

24.9 kg/m
2
. 

 Group (2): included 17 overweight 

women, with a BMI of 25-29.9 kg/m
2
. 

 Group (3): included 17 moderate 

obese women (class I), with a BMI of 

30-34.9 kg/m
2
. 

 Group (4): included 17 severe obese 

women (class II), with a BMI of 35-

39.9 kg/m
2
. 

 Group (5): included 17 morbid obese 

women (class III), with a BMI of ≥40 

kg/m
2
. 

An informed consent was obtained from 

each patient and control and all study 

procedures were approved by the Medical 

Ethics Committee, Faculty of Medicine, Assiut 

University (IRB no: 17200758). All 

participants were subjected to a full history 

taking; in addition to a detailed clinical and 

menstrual history. Personal and relevant data 

were collected by a questionnaire designed to 

ask questions about risk factors and co-

morbidities of obesity. 

All participants were subjected to a 

thorough clinical examination in the form of 

complete physical examinations of the chest, 

heart and abdomen, measurement of blood 

pressure, body weight, height, waist 

circumference and hip circumference. Routine 

laboratory investigations were performed as 

blood picture, liver functions and kidney 

functions.  

Exclusion criteria included patients with 

co-morbidities (diabetes, hypertension or 

insulin resistance (IR), any chronic illness 

(liver, renal, heart, gastrointestinal, endocrine 

disorders or thyroid disease), coronary artery 

diseases, cerebral vascular accidents, active 

smoking, patients who received any previous 

treatment for about 6 months later, patients 

with malignancies and hematologic disorders in 

addition to lactating and pregnant women.  

 

Obesity indices calculations 

1. Body mass index (BMI): was 

calculated by dividing the weight in kg 

by square the height in m
2
.  

2. Body fat percentage (BFP) was 

calculated according to P. Deurenberg 

et al., and D. Gallagher et al., 
15-16 

as 

follows: 

3. B     (      BMI)   (0      age in  ears) 

– ( 0     sex) – 5.4, sex is set for zero in 

women. 
 

4. Fat mass index (FMI): was calculated 

by dividing the fat mass (FM) in kg by 

square the height in m
2
 where  M   

B      od  weight ( g)   100
17-18 

5. Waist circumference/hip circumference 

ratio (WHR): was calculated. 

 

Sample collection and handling 

Four milliliters of antecubital venous 

fasting blood sample were withdrawn from 

each patient and control and divided into 3 

tubes. Two milliliters of blood were collected 

in a tube containing heparin for amino acid 

profile assessment. One milliliter was taken on 

fluoride for estimation of blood glucose. One 

milliliter of blood were put in a Wassermann 

test tube, left to clot at room temperature for 

10-20 min, then was centrifuged at 3000 rpm 

for 20 min. Sera were separated and used for 

estimating the routine laboratory tests and lipid 

profile.  
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Lipid profile 

Total blood cholesterol, high-density 

lipoprotein (HDL-C), low-density lipoprotein 

(LDL-C) and triglycerides were assayed using 

colorimetric kits, supplied by spectrum 

diagnostics, Egypt. 

 

Assay of amino acids profile 

Assay of amino acids was performed by 

the ion exchange separation method through 

high performance liquid chromatography using 

a Sykam Automatic Amino Acid Analyzer 

S433 supplied by Sykam GmbH, Germany 

(catalog no. 1120001). Free amino acid 

samples were prepared from plasma by acidic 

protein precipitation, where 200 μl of  0% 

sulfosalic lic acid solution was added to  00 μl 

plasma, mixed by vortex, then allowed to cool 

down at about 4 °C for 30 min. It was then 

centrifuged for 10 min at 14000 rpm. 

Supernatant liquor was diluted with same 

amount of sample dilution buffer (catalog no. 

S0000 5)  One hundred μl of each of prepared 

samples and ready to use amino acid 

physiological standard (Catalog no. 6006005) 

were injected directly. A cation separation 

column LCAK06/Li was used (catalog no. 

5112008) with the following specifications: 

size: 150 mm× 4.6 mm, specification range: 

met efficiency: > 48000, asymmetry: 0.8–1.5, 

resolution THR/SER: > 1700, and column 

pressure: 45–80bar. Buffer: Sykam LiA- 1, 

LiB-1, LiC-4. The ready to use ninhydrin 

reagent (catalog no. S000025) and citrate 

buffers in different pH (2.9, 4.2, and 8.0) were 

used and the analysis was performed at 

wavelength 440 nm: 570 nm. The sample 

chromatogram was compared to the standard 

measurements curve to obtain various amino 

acid values and then results were multiplied by 

a dilution factor of 2.5 (Fig. 1). 

a) 

 
b) 
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c) 

 
d) 

 
e) 

 
Fig. 1: AA chromatogram of each of the patients subgroups: a) controls 

b) overweight, c) moderate, d) severe and e) morbid obese women. 

 

Statistical analysis 

Data entry and analyses were performed 

using IBM-SPSS version 26 (Statistical 

Package for Social Science) for windows 

software. Continuous data were expressed as 

number, mean + standard deviation (Mean ± 

SD) or median and Interquartile range (Median 

(IQ)). The normal distribution of the data was 

determined using the Shapiro-Wilk test. 

Statistical comparison of differences between 

test groups was evaluated by one-way ANOVA 

for parametric data, or Kruskal Wallis test for 

non-parametric data. Correlation coefficients 

anal sis was performed using  earson‘s 

coefficients. Univariate and multivariate 

regression analysis were performed to assess 

the effect of individual amino acids as 

independent risk factors for obesity. A two-

tailed P-value was considered statistically 

significant when P < 0.05.  
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RESULTS AND DISCUSSION 

 

Results 

Anthropometric data of subjects 

The anthropometric data in the four 

subgroups of patients (overweight and obese 

classes I, II & III) are shown in table 1 

compared to controls (group 1). There was no 

statistical significance regarding age between 

the five groups. There were gradual increases 

in weight, waist and hip circumferences of 

obese women when compared to the controls. 

 

 

Table 1: Anthropometric data of different study groups.  

  
Controls 

(n=17) 

Overweight 

(n=17) 

Moderate 

Obese (n=17) 

Severe Obese 

(n=17) 

Morbid 

Obese (n=17) 

Age (Year)           

Mean±SD 31.41±8.11 34.71±6.3 31.41±7.92 33±9.63 37.76±8.07 

P1 
 

NS NS NS NS 

P2 
  

NS NS NS 

P3 
   

NS NS 

P4         NS 

Weight (Kg)           

Mean±SD 69.24±12.79 79.06±8.71 81.94±14.45 92.35±10.39 105.71±17.35 

P1 
 

NS NS <0.001 <0.001 

P2 
  

NS <0.001 <0.001 

P3 
   

<0.01 <0.001 

P4         <0.05 

Height (Cm)           

Mean±SD 170.41±13.09 165.82±9.17 156.59±8.85 156.35±8.43 151.06±10.19 

P1  NS <0.01 <0.01 <0.001 

P2   <0.01 <0.01 <0.001 

P3    NS NS 

P4         NS 

Waist 

Circum.(Cm) 
          

Mean±SD 84.82±5.58 101.82±11.48 101.76±11.12 112.76±16.1 130.41±13.99 

P1 
 

<0.001 <0.001 <0.001 <0.001 

P2 
  

NS <0.05 <0.001 

P3 
   

<0.05 <0.001 

P4         <0.01 

Hip 

Circum.(Cm) 
          

Mean±SD 109.88±8.26 123.65±14.14 121.88±10.4 129.59±16.92 143.82±14.31 

P1 
 

<0.01 <0.01 <0.001 <0.001 

P2 
  

NS NS <0.001 

P3 
   

NS <0.001 

P4         <0.05 

P1: comparison between control & other groups. P2: comparison between overweight & other 

groups.  

P3: comparison between moderate obese & other groups. P4: comparison between severe obese 

& morbid obese. 
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Obesity indices  

The present study shows the levels of 

BMI, waist/hip ratio (WHR), fat mass index 

(FMI) and body fat percent (BFP) in obese 

subgroups and controls. Highly significant 

differences were found between controls and 

other obese subgroups regarding all parameters 

and the morbid obese group exhibited the 

highest values. Table 2 

 

Biochemical investigations 

The present data shows the mean levels of 

glucose where no significant differences were 

detected between any of the groups. In 

addition, Hb. and kidney function values were 

normal in all groups (data not shown). 

Regarding liver function tests, despite their 

normal reference ranges, however, some 

differences were observed between controls 

and other obese subgroups. Also, remarkably 

significantly higher mean values of serum total 

cholesterol, LDL-C, triglycerides and 

significantly lower HDL- C levels were shown 

in obese subgroups than that of controls in 

Table (3). 

 

Table 2: Obesity indices among different study groups.  

  
Controls 

(n=17) 

Overweight 

(n=17) 

Moderate 

Obese (n=17) 

Severe Obese 

(n=17) 

Morbid 

Obese (n=17) 

BMI 

(Kg/m²) 
          

Mean±SD 23.56±1.44 28.48±1.32 33.32±5 37.72±1.75 46.08±4.74 

P1 
 

<0.001 <0.001 <0.001 <0.001 

P2 
  

<0.001 <0.001 <0.001 

P3 
   

<0.001 <0.001 

P4         <0.001 

WHR(W/H

) 
          

Mean±SD 0.77±0.03 0.82±0.02 0.83±0.02 0.86±0.02 0.9±0.04 

P1 
 

<0.001 <0.001 <0.001 <0.001 

P2 
  

NS <0.001 <0.001 

P3 
   

<0.001 <0.001 

P4         <0.01 

BFP(BF%)           

Mean±SD 30.09±3.19 36.76±2.16 41.81±6.78 48.89±2.09 58.58±5.09 

P1 
 

<0.001 <0.001 <0.001 <0.001 

P2 
  

<0.001 <0.001 <0.001 

P3 
   

<0.001 <0.001 

P4         <0.001 

FMI 

(kg/m²) 
          

Mean±SD 7.14±1.16 10.58±1.1 14.26±5.38 18.82±1.23 27.25±5.57 

P1 
 

<0.001 <0.001 <0.001 <0.001 

P2 
  

<0.001 <0.001 <0.001 

P3 
   

<0.001 <0.001 

P4         <0.001 

P1: comparison between control & other groups. P2: comparison between overweight & other groups.  

P3: comparison between moderate obese & other groups. P4: comparison between severe obese & morbid obese. 
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Table 3: Biochemical data of different study groups. 

  
Controls 

(n=17) 

Overweight 

(n=17) 

Moderate 

Obese (n=17) 

Severe Obese 

(n=17) 

Morbid Obese 

(n=17) 

Glucose (mmol/L)           

Mean±SD 5.37±0.87 5.49±1.08 5.08±0.9 5.31±1.11 5.6±1.17 

P1 
 

NS NS NS NS 

P2 
  

NS NS NS 

P3 
   

NS NS 

P4         NS 

AST (IU/L)           

Mean±SD 12.59±2.24 15.29±1.76 14.94±1.25 12.94±1.71 14.53±1.12 

P1 
 

<0.01 <0.01 NS <0.01 

P2 
  

NS <0.001 NS 

P3 
   

<0.001 NS 

P4         <0.01 

ALT (IU/L)           

Mean±SD 8.53±2.12 18.47±1.81 14.06±0.83 23.53±3.02 21.88±2.39 

P1 
 

<0.001 <0.001 <0.001 <0.001 

P2 
  

<0.001 <0.001 <0.001 

P3 
   

<0.001 <0.001 

P4         NS 

ALP (IU/L)           

Mean±SD 61.71±5.67 44.59±3.83 64.18±2.92 64.35±4.11 82.24±2.97 

P1 
 

<0.001 NS NS <0.001 

P2 
  

<0.001 <0.001 <0.001 

P3 
   

NS <0.001 

P4         <0.001 

Serum Cholesterol 

(mg/dl) 
          

Mean±SD 145.31±16.64 
157.01±16.7

6 
176.9±16.23 182.35±15.62 227.05±23.98 

P1 
 

NS <0.001 <0.001 <0.001 

P2 
  

<0.01 <0.001 <0.001 

P3 
   

NS <0.001 

P4         <0.001 

HDL-C (mg/dl)           

Mean±SD 52.44±2.74 42.11±3.11 33.26±3.76 27.76±1.66 24.21±5.01 

P1  <0.001 <0.001 <0.001 <0.001 

P2   <0.001 <0.001 <0.001 

P3    <0.001 <0.001 

P4         <0.05 

LDL-C (mg/dl)           

Mean±SD 75.23±15.14 90.96±14.43 112.87±16.86 115.65±16.86 159.08±24.82 

P1  <0.05 <0.001 <0.001 <0.001 

P2   <0.01 <0.001 <0.001 

P3    NS <0.001 

P4         <0.001 

Serum TAG 

(mg/dl) 
          

Mean±SD 88.24±8.83 119.71±9.6 153.82±9.93 194.71±8.19 218.82±11.53 

P1  <0.001 <0.001 <0.001 <0.001 

P2   <0.001 <0.001 <0.001 

P3    <0.001 <0.001 

P4         <0.001 
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P1: comparison between control & other groups. P2: comparison between overweight & other groups.  

P3: comparison between moderate obese & other groups. P4: comparison between severe obese & morbid obese

Plasma concentrations of amino acids in 

different study groups 

Plasma concentrations of branched chain 

amino acids (BCAA) 

Tables (4-6) represent the comparison 

between overweight, obese subgroups and 

controls regarding the plasma metabolomic 

profile of AAs. The overweight and obese 

subgroups had significantly lower levels of 

leucine and isoleucine when compared to 

controls. In addition, significantly a higher 

level of alanine was found in obese and 

overweight subgroups versus controls. 

Significant changes were also observed 

between overweight and obese groups. There 

was a decrease in valine level in all groups 

compared to controls with the overweight 

group possessing the least value. There was no 

significant difference between the three obese 

groups when compared to controls as regards to 

valine level (Table 4). Moreover, there was a 

significant decrease in the total branched chain 

amino acid levels BCAA in overweight group 

and the two severe obese groups compared to 

that of controls (Table 6).  

 

 

Table 4: Profiles of the amino acids that were reduced in overweight and obese groups compared to 

controls.  

 (µmol/L) 
Controls 

(n=17) 

over weight 

(n=17) 

Moderate 

Obese (n=17) 

Severe Obese 

(n=17) 

Morbid Obese 

(n=17) 

Valine 316.79±384.3 177.78±22.21 248.98±49.62 218.18±67.35 240.27±12.86 

P1  <0.001 NS NS NS 

P2 
  

<0.001 <0.001 <0.001 

P3 
   

<0.05 NS 

P4         <0.05 

Leucine 155.72±16.62 87.12±7.61 132.71±29.01 107.65±33.6 114.85±4.86 

P1  <0.001 <0.05 <0.001 <0.001 

P2 
  

<0.001 NS <0.001 

P3 
   

<0.01 NS 

P4         <0.05 

Iso-leucine  92.29±11.36 68±3.68 60.94±1.06 58.03±0.72 48.83±5.77 

P1  <0.001 <0.001 <0.001 <0.001 

P2 
  

<0.001 <0.001 <0.001 

P3 
   

<0.001 <0.001 

P4         <0.001 

Glycine  315.06±51.74 194.68±6.47 196.09±0.84 152.41±34.97 116.53±24.28 

P1  <0.001 <0.001 <0.001 <0.001 

P2 
  

NS <0.001 <0.001 

P3 
   

<0.001 <0.001 

P4         <0.001 

P1: comparison between control & other groups. P2: comparison between overweight & other groups.  

P3: comparison between moderate obese & other groups. P4: comparison between severe obese & 

morbid obese. 
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Table 5: Profiles of the amino acids that were increased in overweight and obese groups compared to 

controls.  

 (µmol/L) 
Controls 

(n=17) 

Overweight 

(n=17) 

Moderate 

Obese (n=17) 

Severe Obese 

(n=17) 

Morbid 

Obese 

(n=17) 

Tyrosine  63.31±13.04 84.66±2.75 91.64±3.37 102.34±1.46 126.63±2.88 

  <0.001 <0.001 <0.001 <0.001 

   <0.001 <0.001 <0.001 

    <0.001 <0.001 

        <0.001 

Phenylalanine  58.67±9.02 35.53±5.78 56.75±16.42 60.24±12.49 62.29±13.47 

  <0.001 NS NS NS 

   <0.001 <0.001 <0.001 

    NS NS 

        NS 

Alanine  243.55±35.7 229.17±22.57 363.18±49.46 381.37±8.09 
557.03±103.

3 

  <0.001 <0.001 <0.001 <0.001 

   <0.001 <0.001 <0.001 

    <0.001 <0.001 

        <0.001 

P1: comparison between control & other groups. P2: comparison between overweight & other groups.  

P3: comparison between moderate obese & other groups. P4: comparison between severe obese & 

morbid obese. 
 

Table 6: Plasma concentrations of total BCAA, total AAA and BCAA/AAA ratio in different study 

groups. 

 (µmol/L) 
Controls 

(n=17) 

Overweight 

(n=17) 

Moderate 

Obese (n=17) 

Severe 

Obese 

(n=17) 

Morbid Obese 

(n=17) 

Total BCAA 

(µmol/L) 
564.8±383.38 332.9±28.46 442.63±78.61 383.85±99.65 403.95±22.89 

P1 
 

<0.001 NS <0.01 <0.001 

P2 
  

<0.001 NS <0.001 

P3 
   

<0.05 NS 

P4         <0.05 

Total AAA 

(µmol/L) 
121.98±12.46 120.19±8.22 148.39±19.21 162.58±12.12 188.91±11.35 

P1 
 

NS <0.001 <0.001 <0.001 

P2 
  

<0.001 <0.001 <0.001 

P3 
   

<0.01 <0.001 

P4         <0.001 

BCAA/ 

AAA 
4.64±3.02 2.77±0.07 2.97±0.23 2.33±0.42 2.15±0.24 

P1 
 

<0.001 <0.001 <0.001 <0.001 

P2 
  

<0.01 <0.05 <0.001 

P3 
   

<0.001 <0.001 

P4         NS 

P1: comparison between control & other groups. P2: comparison between overweight & other groups.  

P3: comparison between moderate obese & other groups. P4: comparison between severe obese & 

morbid obese.
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Plasma concentrations of aromatic amino 

acids (AAA) 

 A significant gradual increase in plasma 

levels of tyrosine was observed in all obese 

patients compared to controls and between 

groups   hen lalanine level didn’t change 

significantly in obese groups compared to 

controls except for overweight group. 

However, significant differences were observed 

when comparing the overweight group to obese 

subgroups (Table 5). In total, there was a 

significant increase in the total AAA in obese 

subgroups and a significant decrease in the 

ratio of total BCAA to total AAA, where the 

least ratio was exhibited by the morbid obese 

group (Table 6).   

 

Plasma concentrations of non-polar simple 

amino acids 

Regarding glycine, a significant decrease 

in its plasma level was observed in all obese 

patients as compared to controls and between 

all groups, except for moderate obese that was 

not significant (Table 4).  For alanine, 

although a significant increase in its plasma 

level was observed in an ascending order in the 

three obese patients as compared to that of 

controls, however, a significant marked lower 

concentration was noticed in the overweight 

group (Table 5). 

 

Table 7 shows the univariate and 

multivariate regression analysis of the studied 

amino acid profile for evaluation of the 

independent risk factors for obesity cases. The 

left side of the table shows the univariate 

regression analysis to assess the effect of 

individual amino acids. Analysis revealed that 

all amino acids are significant independent risk 

factors for obesity. At the right side, 

multivariate analysis is presented where odds 

ratio is adjusted to BMI. The study 

demonstrated that only alanine is significantly 

an independent risk factor for obesity cases (p 

< 0.04) but BCAA, AAA & their ratio were 

excluded from regression analysis obesity risk 

evaluation because of their minimal values.  

 

Table 7: Univariate & Multivariate regression analysis of aliphatic and aromatic amino acid profile 

(µmol/L) parameters as independent risk factors for obesity cases.  

 Univariate Multivariate 

  OR 

 

95.0% CI 

P. value 
OR 

 

95.0% CI 

P. value 

  Lower Upper Lower Upper 

Iso-leucine -0.789 -0.490 -0.347 0.000 - - - - 

Leucine -0.207 -0.113 0.002 0.057 - - - - 

Tyrosine 0.873 0.296 0.378 0.000 - - - - 

Phenyl-Alanine 0.320 0.062 0.290 0.003 - - - - 

Glycine  -0.766 -0.104 -0.072 0.000 - - - - 

Alanine  0.816 0.045 0.061 0.000 -0.805 -0.102 -0.002 0.042 

AA 0.318 0.002 0.011 0.003 - - - - 

Excluded Variables: (Valine, BCAA, AAA and BCAA/ AAA (µmol/L) for their minimal values). 

Dependent Variable: BMI (Kg/m²). 
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Discussion 

Obesity is considered a pandemic with 

dramatic increases in its prevalence all over the 

world
19&20

. Obesity is a driver of many 

subsequent diseases such as diabetes, 

cardiovascular diseases, and cancer leading to 

major public health challenges
21&22

. So, it is 

necessary to study the role of potential 

strategies for obesity prevention and 

management
23

. 

It has been shown that the dysregulated 

amino acid metabolomic signature has a close 

relationship with future metabolic 

complications as insulin resistance or type 2 

diabetes and cardiovascular diseases associated 

with obesity
6& 24-26.

  

Branched chain amino acids (BCAAs) are 

critical nutrient signals that received 

considerable attention over the past decade, 

because of their ability to promote protein 

synthesis and to affect metabolism
27, 23

.  

In the present study, there was a decrease 

in individual & total BCAA levels in obese 

women when compared to those of controls. 

Conversely, several previous studies 

reported increased levels of circulating BCAAs 

in obese persons and those with poor metabolic 

health. High proportion of BCAAs and their 

metabolic products was reported in obese 

subjects with insulin resistance which resulted 

from partial catabolism
28- 32

.  

Newgard, CB. and Lake, AD. et al.
33- 34

 

suggested that the reason for raised BCAAs 

level associated with insulin resistance is the 

decline in their catabolism in adipose tissue. 

This decline may be due to the down regulation 

of enzymes that catabolize BCAAs as a result 

of the repression of peroxisome proliferator-

activated receptor-γ (  AR-γ)
35- 36

. Also, it was 

found that BCAAs may have a potential to 

predict the development of steatohepatitis 
34

; 

T2DM in individuals with obesity and impaired 

fasting glucose
37

. Similarly, Iwasa, M et al.
38

, 

proposed that the increased BCAA may serve 

as a biomarker for increased risk of metabolic 

syndrome in obese subjects. 

In agreement with our results, Prio, MC. et 

al.,
25

 reported a significant down regulation of 

BCAA and up regulation of their metabolic 

derivatives as short chain acyl carnitine in 

visceral adipose tissue of obese and 

pathologically obese patients. They suggested 

an enhanced BCAA catabolic flux in adipose 

tissue of these patients, besides the tissue 

proteolysis and protein synthesis. Another two 

studies on obese adolescents found lower levels 

of BCAAs compared to their normal weight 

peers
39- 40

. Furthermore, Piccolo, BD. et al.,
41

 

found that BCAA levels were not elevated in a 

UC Davis – T2DM rat model until six months 

post onset of diabetes. Moreover, Xie, G et 

al.,
28

 reported lower BCAA levels in obese 

women than in obese men, whereas, Stroeve, 

HM. et al.,
42 

reported significantly lower 

BCAA levels in women with moderate to 

severe o esit  (≤  7 - < 40 BMI) than in 

morbidly obese one.  

It has been shown that, the (mTOR) 

signaling pathways of BCAA and its 

metabolism could be therapeutic targets for 

treatment of insulin resistance
43

, diabetes 

mellitus 
44 

and obesity 
45

. The decreased BCAA 

levels of the present study obese group, in 

contradiction of some previous studies may be 

explained by our study group differences 

regarding their present metabolic condition, 

where they were metabolically healthy, and 

didn’t suffer from diabetes or insulin 

resistance. Bagheri et al.
24

 suggested that, 

elevated plasma BCAA concentrations have 

been shown to differentiate between 

metabolically healthy and unhealthy obese 

subjects. Moreover, it has been known that 

insulin in its normal level acts as a regulator of 

branched chain alpha keto acid dehydrogenase 

complex, the enzyme involved in branched 

chain amino acid catabolism
46-47

.  

 On the other hand, a significant increase 

was observed in tyrosine and total aromatic 

amino acids (AAA) together with a significant 

decrease in BCAA/ AAA ratio in obese groups 

of the current study, besides the significant 

differences in between obese subgroups. 

Tyrosine and phenylalanine were found to be 

positively correlated with each of BMI, WHR, 

and FMI.  

In agreement with our results, Short, K.R. 

et al.
48

 observed that AAAs were positively 

correlated with adiposity. Also, Hellmuth C et 

al. and Chiara R et al.
49,&50

 reported significant 

positive correlation of tyrosine with obesity 

and fat accumulation. Thus, these AA could be 

used as predictors of those raised indices and 

risk assessment tool for future metabolic 

complications. Furthermore, Butte NF. et al. 
29

 

observed that, tyrosine was the highest ranked 
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metabolite contributed with obesity 

classification. This may be explained either by 

the stimulating effect of tyrosine on insulin 

secretion or by insulin actions on tyrosine 

metabolism
48

.  

It has been suggested that BCAAs 

influence brain function by competing with the 

uptake of the amino acid precursors of 

dopamine and 5-hydroxytryptamine in the 

brain
51

. Large neutral amino acid transport is 

shared by BCAAs and AAA, leading them to 

compete with each other. So, in our study, the 

reduction in the level of BCAAs in obese 

women lead to elevation of tyrosine amino acid 

level. 

In the current study, obese women showed 

significantly lower levels of glycine with 

negative significant correlations with obesity 

indices (BMI, WHR & FMI). This is in 

accordance with the results of Takashina C. et 

al., Gaggini, M., Simmons, RM, et al.
8&52-53

.  

Simmons, RM et al.,
53

 indicated that the 

reduced quantities of glycine observed in obese 

subjects results from an upregulation of the 

hepatic glycine cleavage system & that the 

dietary glycine supplementation potentially 

reduces obesity in Zucker diabetic fatty (ZDF) 

rats. A previous animal study showed that, 

glycine supplementation reduces visceral fat 

through the oxidation of free fatty acids in 

adipose tissue
54

.  

Glycine is synthesized from the glycolytic 

intermediates via 3-phosphoglycerate 

dehydrogenase that converts 3 PG to 3P- 

hydroxy pyruvate, the rate limiting step of de 

novo serine biosynthesis
55

. Thus, the changes 

in glyceroneogenesis in adipose tissue and liver 

due to the increased demand for glycerol and 

glyceride for triacylglycerols synthesis may 

affect the subsequent glycine level in 

circulation
56

.  

Furthermore, the levels of metabolic 

products of glycine that are important for 

metabolism as glutathione and betaine will be 

also affected in the obese persons according to 

the previous studies. 

The present study demonstrated a 

significantly increased plasma alanine level in 

all obese subgroups in an ascending order as 

compared to those of controls. It showed a 

highly positive correlation with obesity indices 

in obese patients. These results are consistent 

with those of Takashina C. et al.
8
. A possible 

interpretation for alanine increase may be due 

to the hyperinsulinemia development
57

. The 

increased alanine level in our morbid obese 

group may be attributed to their insulin level 

which was in the upper limit of normal level 

(data not shown) and attempts of their body to 

attain the normal homeostasis. Interestingly, 

alanine is found to be one of the best 

independent predictors of the current study for 

recognizing the obese patients at risk of 

developing associated disorders (by 

multivariate regression analysis). Alanine AA 

has scarcely been studied in obesity women 

previously. 

 

Conclusion  

The results of AA metabolomics profile 

confirmed the previous notion that AA can be 

used as predictors for elevated obesity indices 

and can be used as important biomarkers for 

early prediction of overweight and obesity. Our 

results indicated that the significantly elevated 

circulating alanine levels were the best 

independent predictors for identifying obese 

patients at risk of associated metabolic 

disorders and that, the metabolomic profile of 

all AA could have a significant impact on 

obesity associated future complications.  

 

Limitations  

Further studies with a larger sample size 

are warranted to extend these results and to 

clarify the impact of plasma AA metabolomic 

and other different metabolomics profile on 

obesity complications and management. 
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