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Abstract

In type 2 diabetes mellitus (T2DM) the global metabolic disturbances are known to involve all macromolecules. Although the carbohydrates and lipid profiles are
routinely tested in T2DM, limited data is available about proteins and amino acids (AAs). In this case-control prospective study the AAs profile in T2DM was
investigated and the results were interpreted in a context of metabolic changes in diabetes and associated disorders. Fasting blood samples from 70 Bahraini subjects,
35 with T2DM treated with metformin only and 35 healthy controls, were collected. The plasma levels of 13 AAs were measured by HPLC in addition to the glycemic
and lipid profiles parameters. Several statistical models were used to test 21 variables, including the 13 AAs, for prediction of T2DM. The results revealed a marked
decrease in median plasma level of Phe in T2DM compared with the control, 12.73, 6.84-94.32 vs. 136.88, 65.15-206.47, p<0.001, and a significant decrease in levels
of 4 non-essential AAs (Gly, Gln, Asp, and Tyr). The results were confirmed by multiple logistic regression analysis. The Bivariate and Factor analyses revealed that
the AAs panel was comparable to the glycemic and lipid panels in T2DM prediction. The implication of AAs deficiency in protein and AAs derivatives’ synthesis in
T2DM and associated disorders e.g. hypothyroidism was discussed. In conclusion, T2DM treated with metformin only was associated with marked depletion of Phe

and deficiency of other non-essential AAs. The potential use of AAs as supplements as well as a biomarker in T2DM were suggested.

Abbreviations: AAAs: Aromatic AAs; AAs: Amino acids;
ANOVA: Analysis of variance; Asp: Aspartic acid or aspartate; BCAAs:
Branched-chain amino acids; BP: Biochemical parameters; DA:
Discriminant Analysis; DV: Dependent variables; FA: Factor analysis;
FBG: Fasting blood glucose; Gln: Glutamine; Gly: Glycine; HbAlc:
Glycated hemoglobin; HDL-C: High-density lipoprotein cholesterol;
HPLC: High performance liquid chromatography; IV: Independent
variables; LDL-C: Low-density lipoprotein cholesterol; MetS: Metabolic
syndrome; MW: Mann whitney rank sum test; Phe: Phenylalanine;
SMC: Salmanyia medical complex; T2DM: Type 2 diabetes mellitus;
TG: Triglyceride; Tyr: Tyrosine.

Introduction

Type 2 diabetes mellitus (T2DM) is characterized by loss
of metabolic homeostasis largely due to insulin resistance [1].
Consequently, the autoregulation of metabolism of macromolecules,
carbohydrates, lipids and proteins, is largely disturbed [2]. The
proteins including enzymes, neurotransmitters and insulin and
counterbalancing hormones, glucagon, growth hormone, thyroxine,
catecholamines, and etc. [3], are the actual players in metabolism.
However, synthesis of proteins and amino acids (AAs) derivatives,
e.g. tyrosine (Tyr) derivatives, is determined by the availability of
free AAs. Worth noting, the protein synthesis and degradations
is a bidirectional process that link proteins with plasma free AAs
pool. Therefore, the metabolic changes in T2DM are expected to be
reflected on the free AAs pool. The AAs profiling in T2DM has been
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studied in different ethnic groups, however, only few AAs profiling
studies were conducted in the Arab region [4], although the diabetes
mellitus prevalence is high.

Standard AAs are grouped into three categories: essential,
nonessential, and semi-essential based on nutritional requirement [5,6].
The body can synthesize nonessential AAs either from the breakdown
of proteins or from other essential AAs. Essential AAs must be provided
in diet [6]. The essentials and non-essential AAs as defined before [5]
and analyzed in this study are listed in (Table 1). The Val, Leu, and Ile
are known as branched-chain amino acids (BCAAs), and Phe, Trp, His,
and Tyr are known as aromatic AAs (AAAs).

The increased plasma levels of BCAAs was noticed in T2DM [7],
metabolic syndrome [8] and metabolic dyslipidemia [9]. Also, the
levels of BCAAs and AAAs were found to be associated with visceral
obesity, insulin resistance, and T2DM [10,11]. Furthermore, it was
found that the plasma levels of the AAs are altered during acute diabetic
ketoacidosis; while the Asp, Glu, and BCAAs are increased, the Asn
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Table 1. The analyzed amino acids: Abbreviations, description, response factor (RF), correlation coefficient (R?) and average retention time and the internal standard (IS-Norvaline)

Amino Acid (AA) Abbrev. Description
Alanine Ala Glucogenic
Aspartate Asp Glucogenic
Glutamate Glu Glucogenic
Glutamine Gln Glucogenic
Glycine Gly Glucogenic
Serine Ser Glucogenic
Tyrosine Tyr Glucogenic/Ketogenic AAA
Isoleucine Ile Glucogenic/Ketogenic BCAA
Leucine Leu K;tgiszm
Lysine Lys Ketogenic
Phenyalanine Phe Glucogenic/Ketogenic AAA
Threonine Thr Glucogenic/Ketogenic
Valine Val Glucogenic BCAA
IS —250 pl
Average

AAA: Aromatic amino acid; BCAA: Branched chain amino acid.

non

Average retention time,

RF R? minutes
0.6977 0.9899 15.684
4.1901 0.9870 6.790
0.9137 0.9930 7.329
0.5127 0.9918 11.053
2.116 0.9986 13.074
0.0469 0.9769 9.469

1.46 0.9966 15.922
1.1994 0.9943 27.853
0.9316 0.9998 29.536
5.64 0.9607 24.745
6.718 0.9181 27.089
0.9249 0.9600 12.832
1.1854 0.9999 22.935

26.5
2.0412 0.9820

Note: AAs are categorized into "ketogenic", "glucogenic” or "both" based on the type of intermediates that are formed during their catabolism.

and Gln are reduced [12]. A close correlation of the BCAAs and AAAs
levels with insulin resistance was also found in Chinese population
[13]. Finally, it was found that abnormal AA levels might contribute to
elevated liver enzymes in T2DM [14].

In this study, we aimed to measure the fasting plasma levels of
free AAs in metformin-treated T2DM Bharani subjects and correlate
the levels with glycemic and lipid profile parameters. Genetic, and
environmental (cultural, nutritional habits, co-morbidities and etc.)
factors are expected to have an influence in the AAs pool in different
regions. The results will be discussed in relation to the altered proteins
metabolism in T2DM noticed in this setting [15].

Materials and methods

Study subjects

Blood samples were collected from 70 Bharani subjects; 35 patients
with T2DM treated with metformin only (15 males) and 35 non-
diabetic controls (9 males).

The T2DM inclusion criteria included Bharani subject with T2DM,
under treatment with metformin only, aged between 40 and 60 years,
and willing to be involved in the study. The exclusion criteria were: non-
Bahraini nationality, T1DM, use of other anti-diabetic treatment, other
chronic diseases. The patients were recruited from Salmanyia Medical
Complex (SMC) and Health Centers in the Kingdom of Bahrain. The
healthy controls were recruited from the College of Health Sciences,
Bahrain University, in Bahrain. Verbal informed consent was obtained
from each study subject before blood collection. The study design
followed the Helsinki declaration terms. Finally, the study was approved
by the ethical committee in the Arabian Gulf University (AGU) and the
Research Committee in SMC.

Sample collection

Approximately 10 ml of venous blood samples were collected
from each study subject after 10-12 hours of overnight fasting, into
heparinized collection tube (Thermo Fisher Scientific, Massachusetts,
US.A.) for plasma and into separation gel tubes (Thermo Fisher
Scientific, Massachusetts, U.S.A.) for serum collection. Serum was
used for lipid analysis. Plasma was used for fasting glucose and AAs
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measurements.
Biochemical tests
Blood glucose, HbA1c and serum lipid profile determination

The biochemical tests were done in SMC. Clinical analyzer
ROCHE COBAS INTEGRA 800 (Rotkreuz, Switzerland), was used
for measurement of fasting blood glucose (FBG) and lipid profile
parameters (total cholesterol, low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C) and
triglyceride (TG). The glycated hemoglobin (HbA1c%) was measured
by an automated analyzer (Beckman Coulter, Inc., 250 S. Kraemer Blvd.
Brea, CA 92821, USA).

Measurement of plasma amino acids (AAs) concentrations
by reverse phase high-pressure liquid chromatography (RP-
HPLC)

The plasma levels of the test AAs were measured by RP-HPLC,
Alliance 2695 separation module, from Waters (Massachusetts, U.S.A.),
as originally mentioned [16]. In brief, the samples were hydrolyzed,
pre-column derivatized with O- phthalaldehyde (OPA) and in-line
analyzed by RP-HPLC with fluorescence detection. A linear relation
between peak response and concentration from 5 to 800 mol/L for all
AAs (correlation coefficients (R2)>0.999) was obtained. In this study,
the method was slightly modified where the mobile phase NaH2PO4
was used instead of KH2PO4. The total analysis time was also increased
to 35 minutes instead of 17 minutes to improve peak separation.
The excitation wavelength was changed from 230 to 330 nm and the
emission wavelength from 389 to 450 nm.

Waters HPLC system (Waters 2695 Separations Module)
operated by the Empower Photodiode Array (PDA) software (Waters,
Massachusetts, U.S.A.) was used to create AAs project.

Chromatographic conditions for AAs profiling: Separations of the
AAs were performed by gradient elution. Symmetry Column 18 from
Waters (IOOA, 5 pum, 4.6 mm X 250 mm, RP) was used. The sample
injection volume was 10 pL. Fourteen AAs were tested in this study
including Norvaline as internal standard (IS) (Table 2), the remaining
AAs were not analyzed because their analysis requires special
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Table 2. The fasting plasma levels of 13 amino acids in T2DM and healthy control subjects

Amino Acid (arbi;l;i]:;fv:mits)
Ala 2308.73 +915.49
Ser 3331.01, 2408.28 - 4212.36
Glu 170.74, 93.65 - 204.97
Gly 11.83, 10.78 - 33.10
Gln 208.18, 114.05 - 258.84
Asp 1.64, 1.12 - 1.90
Tyr 211.65, 161.20 - 250.22
Phe 12.73, 6.84 - 94.32
Val 1267.54 + 410.48
Thr 2139.52, 1573.36 - 2517.41
Lys 333.81, 303.36 - 396.69
lle 413.81 + 125.36
Leu 926.10, 673.36 - 1008.87

Note: Grey rows indicates the non-essential amino acids.

Healthy controls

(arbitrary units) P value
1918.00 + 1037.19 0.099*
3503.73, 2546.15 - 4378.43 0.664
134.13, 97.68 - 215.98 0.622
22.08, 14.28 - 63.78 0.018
245.65, 183.17 - 389.24 0.010
2.31,1.35-3.04 0.012
260.31, 230.16 - 402.87 <0.001
136.88, 65.15 - 206.47 <0.001
1042.74 + 538.39 0.054*
2208.25, 1341.33 - 3019.20 0.672
384.56, 181.01 - 521.55 0.124
375.63 £161.94 0.274*
760.99, 659.46 + 903.86 0.133

*T-test was used for comparison analysis (normally distributed data), the values are the mean + standard deviation (SD). The remaining analysis done by Mann Whitney Rand Sum test, the

values are (median, 25% - 75% percentile).

preparation. The pooled working standard solutions (10 ml) were
prepared by mixing the 14 AAs, and were stored as aliquots at -20°C.

Amino acid peak identification: The AAs were detected based
on the retention time established for the individual AA standard
(250 uM) under the defined experimental conditions. After the run
was completed, the acquired data were exported from Empower to
Microsoft Excel for calculating the AA concentration in the samples.
The mean and standard deviation of the AA area for 3 injections were
calculated. The RP-HPLC Chromatogram detailing analyte retention
time, in minutes, for the pooled standard AAs, control and T2DM
samples is shown in Figure 1.

Statistical analysis

Sigma Stat software was used for data analysis. Simple comparisons
of normally distributed data between T2DM and control subjects were
analyzed by the T-test. Mann-Whitney Rank Sum Test was used for
analysis of skewed data. Correlations were tested by Pearson Product
Moment Correlation.

Multiple regression analysis

The multiple regression analysis was preformed to model the
relationships between the plasma AAs profiles, biomedical variables
and T2DM. In order to develop the model, multiple statistical tests were
performed including bivariate analysis, Test of variance (ANOVA),
factor analysis, discriminant function analysis and finally logistic
regression analysis. In the multiple regression analyses the dependent
variables (DVs) are T2DM and healthy controls, and the independent
variables (IVs) included 21 variables; 13 AAs, 6 biochemical parameters
(BP) - glycemic and lipid profile parameters (FBG, HbAlc, total
cholesterol, LDL-C, HDLC and TGs), and 2 demographic factors (age
and sex).

Discriminant analysis (DA): It was performed to determine whether
the I'Vs e.g. AAs, could distinguish between controls and cases (DVs).
The DA was performed in 2 stages using 2 settings; the first setting
included 20 variables (FBG excluded as it parallels HbA1c) named (20
IVs) and second setting included only the 9 good predictors selected by
logistic regression (9 IVs).
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Results

Fasting plasma levels of AAs in T2DM and non-diabetic
healthy subjects

Compared with the healthy controls, the T2DM subjects showed
significantly lower levels of 5 out of 13 tested AAs, 4 of the 5 AAs are
non-essential. In more detail, the level of Gly in T2DM vs. controls was
significantly lower (median, 25 -75% percentile, 11.83, 10.78 - 33.10 vs.
22.08, 14.28 - 63.78, P=0.018, Mann Whitney Rank Sum test - MW).
Similarly was the Asp level in T2DM vs. controls (1.64, 1.12 - 1.90 vs.
2.31, 1.35 - 3.04, P=0.012, MW) as well as Tyr (211.65, 161.20 - 250.22
vs. 260.31, 230.16 - 402.87, P<0.001, MW) and Gln (208.18, 114.05 -
258.84 vs. 245.65, 183.17 - 389.24, P=0.010, MW). In contrast, only one
essential AA, Phe, out of six tested, was significantly markedly lower in
T2DM compared to the controls, 12.73, 6.84 - 94.32 vs. 136.88, 65.15 -
206.47, P<0.001. Of the above AAs the Phe and Tyr are aromatic amino
acids (AAAs), both were significantly reduced in T2DM as mentioned
above. In contrast, the BCAAs (Val, Leu, and Ile) were comparable
between T2DM and control subjects. For levels of the remaining AAs
see (Table 2).

The correlations between the AAs levels and the glycemic and
lipid parameters in T2DM

The correlations of the glycemic parameters, FBG and HbA Ic, with
the fasting plasma levels of the 5 AAs (Gly, Gln, Asp, Tyr, Phe) which
were significantly decreased in T2DM, were tested. The fasting plasma
levels of Gln were found to be positively correlated with FBG and
HbAIc levels (CC 0.520, P=0.001; CC 0.456, P=0.006, respectively),
similarly the fasting levels of Tyr (CC 0.505, P=0.002 and CC 0.455,
P=0.006, respectively). However, the fasting plasma levels of Gly, Asp
and Phe were not correlated with the levels of FBG (P=0.116, 0.122 and
0.285, respectively) or HbAlc (P=0.251, 0.971, and 0.285, respectively),
(data not shown).

In contrast, the levels of the lipid profile parameters, HDL-C and
TG, none of which was correlated with the levels of any of the 5 AAs.
Age as co-variate was not correlated with any of the test parameters
including glycemic and lipid profiles and the 5 AAs levels. The FBG,
HAlc, and TG levels were strongly positively correlated with each other
(data not shown)
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Figure 1. Representative reverse phase high-pressure liquid chromatography (RP-HPLC) chromatogram detailing analyte retention time (minutes): (A) Pooled Standard AAs (50 uM), (B)

non-diabetic sample and (C) T2DM sample under specified conditions

Multiple logistic regression analysis

The multiple logistic regression analysis included 21 IVs, of
which the FBG, HbAlc, TAG and HDL-C are variables well known
to be associated with T2DM, while some others are not known to be
associated with T2DM e.g. Total and LDL cholesterols and sex. These
variables were used for validation of the data and models. In addition
13 AAs were included in the models

Bivariate correlations of the plasma levels of the AAs and other I'Vs
with T2DM: As seen in (Table 3), the bivariate correlation between DV's
and I'Vs revealed that out of the 21 IVs, only 9 showed clear correlation
with the DVs (health vs. disease): 5 were positively correlated with
health: Phe, Asp, Tyr, GLN, and HDL-C, and 4 negatively correlated
with health (i.e. increased in T2DM); FBG, TG, HbAlc and age.

Factor analysis (FA): The FA limited the IVs that influence the health
into 11 variables out of the 21 analyzed. In addition it confirmed that
the AAs, Phe, Asp, Tyr, Gln and Leu were the most correlated with
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health i.e. they are depleted in T2DM, while Gly was not identified as
IV (Table 4).

Wald test: Finally, in Binary Logistic Regression analysis, the Wald test
is used for testing the IVs used in the model. Result revealed that, only
Phe (odds ratio 0.978, S.E. 0.012, P=0.051) and Asp (odd ratio .018, S.E.
1.572, P=0.010) were associated with T2DM in addition to age (odds
ratio 1.577, S.E. 0.195, P=0.019) and HDL-C (odds ratio 0.000, S.E.
2.909, P=0.007). For interpretation of the Exp(B), e.g. age has an Exp(B)
of 1.577 (or e***), hence, when the age increases one unit, the odds that
the DV =1 (T2DM) increase by a factor of 1.577, (Table 5).

Discussion

In this study, we found that T2DM was associated with low levels
of 5 out of 13 AAs (6 essential AAs), been tested compared with
healthy controls, of the 5 AAs only the Phe is essential AA. The Phe
and Tyr were the only AAAs in this study, and both were found to be
significantly reduced in T2DM. The median levels of Phe were more
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Table 3. Bivariate analysis results, showing the association between health status (healthy control vs. T2DM) as dependent variables (DVs) and 21 independent variables (IVs). Nine IVs
showed significant association with the DVs

Variables Pearson Correlation Sig. (2-tailed) Nature of the IV
health 1
1 PHE 0.415™ 0.000
2 ASP 0.370™ 0.002
3 TYR 0.292° 0.014
4 GLN 0.276" 0.021
5 VAL -0.232 0.054
6 ALA -0.199 0.099
7 GLY 0.184 0.126
8 LYS 0.168 0.165 . .
9 ILE -0.133 0.274 Amino acids
10 GLU 0.123 0.309
11 THR 0.114 0.349
12 SER -0.059 0.630
13 LEU 0.012 0.919
14 Glucose(mM) -0.590™ 0.000 Glycemic parameter
15 TG -0.446™ 0.000
16 HDL 0.442" 0.000 Lipid parameter
17 HbAlc =377 0.001 Glycemic parameter
18 CHOL 0.132 0.278 .
Lipid parameter
19 LDL 0.105 0.388
20 sex -0.213 0.077 .
o Demographic parameter
21 Age -0.395 0.001

Note: The first 13 IVs are amino acids. The bold text indicates significant association with the DV (health status).
“indicates stronger association.

Table 4. Factor analysis (FA) for the association of all studied variables with health status (healthy vs, T2DM): Correlation coefficient and P values

Communalities
Correlation coefficient Sign (p) Initial Extraction
health 1.000 0.000 1.000 0.769
Phe 0.415 0.001 1.000 0.841
Asp 0.370 0.007 1.000 0.601
Tyr 0.292 0.010 1.000 0.830
Gln 0.276 0.027 1.000 0.813
Val -0.232 0.050 1.000 0.736
Ala -0.199 0.063 1.000 0.774
Gly 0.184 0.082 1.000 0.752
Lys 0.168 0.137 1.000 0.853
Tle -0.133 0.154 1.000 0.852
Correlation Glu 0.123 0.175 1.000 0.747
Thr 0.114 0.315 1.000 0.759
Ser -0.059 0.460 1.000 0.566
Leu 0.012 0.000 1.000 0.880
Glucose -0.590 0.000 1.000 0.789
TG -0.446 0.000 1.000 0.482
HDL-C 0.442 0.001 1.000 0.441
HbAlc -0.377 0.139 1.000 0.736
Total cholesterol 0.132 0.194 1.000 0.940
LDL-C 0.105 0.038 1.000 0.856
Sex -0.213 0.000 1.000 0.688
Age -0.395 0.000 1.000 0.444
16.149
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Table 5. The Wald test showing the statistical significance for each of the 9-independent variables (IVs) used in the model for prediction of T2DM

Variables in the Equation

B S.E.

Age 0.456 0.195
PHE -0.023 0.012
ASP -4.039 1.572
TYR 0.002 0.005
Step 1° GLN -0.002 0.002
VAL 0.003 0.002
TG 1.627 1.594
HDL-C -7.835 2.909
HbAlc 0.024 0.040
Constant -9.894 7.145

than 10 times lower in T2DM compared to the controls. In previous
studies, increased levels of Phe were found to be associated with T2DM
[17], and to predict T2DM development [18]. Also, increased Phe was
found to be associated with the development of metabolic syndrome
(MetS) [19,20]. A systemic review and meta-analysis of 46 studies of
different metabolites in diabetes and prediabetes, revealed that AAs
were the most consistently associated with the risk of developing T2DM
and that higher Phe levels were associated with diabetes [21]. In other
studies, Phe levels were found to be correlated positively with plasma
glucose and inversely with insulin sensitivity [22,23]. The contradiction
between this study and others could be explained by i. Ethnic difference,
ii. Disease stage, e.g. pre-diabetic in one study [18] or targeting MetS
[19,20]. iii. The metformin only as treatment.

Tyr, a non-essential and AAA, was also significantly decreased in
T2DM in this study as expected since Phe, the precursor of Tyr, was
markedly low. Tyr was reported to be the strongest among BCAA and
AAA:s for prediction of future development of T2DM [24]. To interpret
the current result in the context of T2DM, it is important to recall
the physiological roles of Tyr; it is the precursor for melanin, the skin
pigment, and other physiological molecules e.g. thyroxine, adrenaline,
noradrenaline, and Dopa, which are largely antagonizing insulin in
metabolism [3]. The low levels of Tyr could be due to decreased de novo
synthesis secondary to the low Phe levels or due to over conversion to
the specialized molecules e.g. thyroxine. However, in an observational
study included more than 5000 patients, it was found that the rate of
primary hypothyroidism in T2DM is greater than in non-diabetic
population [25]. Can hypothyroidism in T2DM explained by Tyr
deficiency?

The remaining 3 AAs, Gly, Gln, and Asp, are non-essential AAs,
and all were significantly decreased in T2DM. The decreased levels of
Gly in T2DM is in line with previous studies [23,26]. Dietary Gly was
reported to increase insulin secretion, improve glucose tolerance and
reduces systemic inflammation [27]. The Gly is part of the glutathione,
a molecule involved in detoxification of free radicals, the latter play an
important pathological role in T2DM [28].

The Gln, was also decreased in T2DM in this study, although
it was found to be raised in T2DM and insulin resistance in some
studies [17,23]. In a large longitudinal study of the Finish population,
decreased levels of Gln were found to be associated with hyperglycemia
and insulin resistance [22]. Finally, with reference to a meta-analysis
study included more than 45 studies [21], the depletion of Gly and Gln
in T2DM was concluded, which is supporting to our findings.

Although, the Asp was found to be reduced in T2DM and this
association was confirmed in multiple logistic regression analyses in
this study, in another study it was found to be raised in children with
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Wald df Sig. Exp(B)
5.479 1 0.019 1.577
3.794 1 0.051 0.978
6.604 1 0.010 0.018
0.103 1 0.748 1.002
0.894 1 0.344 0.998
2.337 1 0.126 1.003
1.042 1 0.307 5.089
7.256 1 0.007 0.000
0.364 1 0.547 1.024
1.918 1 0.166 0.000

diabetic ketoacidosis [12]. Worth-noting the association of Asp with
T2DM was the least to be reported in the literate between the 5 AAs.

Controversial to what has been reported before, the BCAAs were
comparable between the T2DM and control subjects in this study, in
other studies levels of BCAAs were increased in T2DM [17,26]. On the
other hand, the AAAs e.g. Phe and Tyr, consistently and across several
studies in different nations were shown to be increased in T2DM
[11,13,19], however, they were markedly decreased in this study. The
deficiency of the 5 AAs in T2DM in this study, can be explained by
the utilization of carbon skeletons of these glucogenic AAs for glucose
production (gluconeogenesis) [29]. Furthermore, we recently reported
marked upregulation of protein synthesis in T2DM [15], a process that
consume AAs. The predominant deficiency of the non-essential AAs, is
suggestive of non-nutritional cause/s.

In the multiple logistic regression analysis, the different statistical
tests confirmed the correct-fullness of the data and models as well as
the depletion of the 5 AAs in T2DM, after correction for all possible
co-variants. Furthermore, the AAs profile was found to be compared to
the glycemic profile (RBG and HbA1c) in prediction of T2DM, and can
distinguish between the patients and controls. The logistic regression
model, explained 94% of the variance in T2DM and correctly classified
96% of the cases. Using the Wald test, the contribution of each of
variables, namely the AAs, in development of diabetes was estimated
(Table 5).

Of the implications of the AAs depletion in T2DM, is the direct
effect in synthesis of proteins and specialized products derived from
AAs e.g. thyroid hormones, catecholamines, melanin and etc., as these
AAs derivatives are largely linked to T2DM pathology, clinical features
and complications [25]. Thus, it worth to study the replacement of the
deficient AAs in T2DM and to observe the clinical consequences with
special emphasis on the complications as mentioned elsewhere [30].
Other potential applications for the AAs profile includes its utilization
in diagnosis/prognosis of T2DM patients under treatment when the
glycemic profile appears normal.

In conclusion, fasting plasma levels of 5 AAs, (Phe, Tyr, Gly, Gln, and
Asp) were found to be reduced in metformin-treated T2DM patients.
This finding was reproducible in the different statistical tests and
models of the multiple logistic regression analysis. The Phe remained
the most markedly altered AAs in all models. Furthermore, the AAs
profile was found to be a predictor for T2DM comparable to FBG and
HBAlc, probably the metformin treatment imposes more effect on the
glycemic than the AA profile. Finally, can AAs replacement contributes
to the wellbeing of T2DM patients?
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