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Abstract

Type 2 diabetes mellitus (T2DM) is an inflammatory condition. C-reactive
protein (CRP) is a well-known inflammatory marker for demonstrating systemic
inflammation in T2DM. We aimed to compare the diagnostic value of CRP and
C-reactive protein to albumin ratio (CAR) in discriminating T2DM patients
and healthy controls and to investigate the association of CAR and glycemic
control markers. This cross-sectional retrospective study included 173 T2DM
patients and 104 healthy control subjects. Serum albumin and CRP levels were
measured with spectrophotometric and nephelometric methods, respectively.
CAR was calculated by dividing CRP level by albumin level. The median (in-
terquartile range, IQR) CAR in the T2DM patients was significantly higher
than those in the controls (0.15 (0.26) vs. 0.06 (0.20), p = 0.002, respectively).
In receiver operating characteristics curve analysis (ROC), CAR > 0.0653 had
77.21% sensitivity and 52.44% specificity in discriminating T2DM. The area
under ROC curve for CAR was 0.623 (95% CI =0.544-0.701, p=0.002), which
was similar to CRP. A positive correlation was found between CAR and body
mass index, fasting blood glucose and HbAlc levels. As a result, CAR demon-
strated poor sensitivity and specificity for discriminating T2DM patients from
healthy subjects and it has little diagnostic utility in diabetes.
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Introduction. Type 2 diabetes is a major global public health concern and
its worldwide prevalence is increasing rapidly. Type 2 diabetes can lead to both
long-term microvascular and macrovascular complications associated with high
morbidity and mortality rates [!]. Hyperglycemia develops due to either inad-
equate insulin secretion from the pancreas or insulin resistance in target cells.
In the early stage of T2DM, also called prediabetes, the pancreas secretes more
insulin to compensate for hyperglycemia. Over time, this leads to pancreatic
insufficiency linked with decreased insulin production and ultimately the devel-
opment of T2DM. Inflammation participates in the pathogenesis of T2DM. Many
commonly coexisting conditions related to diabetes are thought to originate via
inflammatory mechanisms [>3]. CRP and interleukin-6 (IL-6), sensitive mark-
ers of subclinical systemic inflammation, are the most investigated inflammatory
markers in diabetes to date [4]. IL-1, IL-8, transforming growth factor-beta 1
(TGF-B1) and tumour necrosis factor-alpha (TNF-«) have also been investigated
in T2DM [°]. However, the measurement of these inflammatory markers is not
considered practical for routine laboratory analysis.

CRP is the acute-phase plasma protein synthesized by the liver. It is produced
in response to proinflammatory cytokines released from activated immune system
cells and adipocytes and is a sensitive marker of systemic inflammation [¢]. A
meta-analysis of 18 prospective studies concluded that elevated levels of IL-6 and
CRP are significantly associated with an increased risk of T2DM [7]. Albumin
is a negative acute phase reactant produced by the liver. Serum albumin levels
are decreased in individuals with chronic inflammation [¥]. Albumin provides the
majority of the total antioxidant capacity of plasma [?] and it has been reported
that lower albumin levels may be associated with an increased risk of coronary
heart disease, cardiovascular mortality, and carotid atherosclerosis [°].

The CAR, first introduced by FAIRCLOUGH et al. [!°], has been proposed to
be a marker of systemic inflammation. CAR has been explored in a variety of
cancer types as a prognostic predictor and it has been indicated that high pre-
treatment CAR can be used in the evaluation of cancer prognosis ['!]. The limited
number of studies investigating the CAR were conducted in patients with poly-
cystic ovary syndrome (PCOS), a disease closely associated with insulin resistance
and type 2 diabetes ['2]. The authors concluded that CAR, irrespectively of body
mass index (BMI), was found to have a stronger association with PCOS than ei-
ther androgen excess or insulin resistance. When compared with CRP, they found
that the CAR has an improved ROC curve for predicting PCOS [*2]. Since dia-
betes is an inflammatory condition, there are many inflammatory markers related
to the disease, including CRP, IL-6 and TNF-x. Despite their clinical utility,
these markers, except for CRP, are not widely used in the majority of clinical
laboratories. Therefore, we aimed to investigate whether we can identify new and
simpler inflammatory indicator with a notable discriminative power for T2DM.
To the best of our knowledge, there is a limited number of studies examining CAR
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in T2DM. In the present study, we compared serum CRP levels and CAR in the
patients with T2DM as a possible discriminative indicator for disease. Also, we
investigated the correlation between CAR and glycemic control markers such as
fasting blood glucose (FBG), fasting insulin, hemoglobin Alc (HbAlc), C-peptide
levels.

Materials and methods. Patients. We retrospectively reviewed a data-
base of 294 randomly selected patients with T2DM who attended the outpatient
service of Internal Diseases at the Istanbul Education Research Hospital between
2015 and 2018. We recruited the patient group regarding only exclusion criteria to
prevent bias. Blood pressure, weight, and height were measured during the visit.
Body mass index (BMI) was calculated with the Quetelet formula (kg/m?) and
patients were classified as obese with a BMI > 30 kg/m?. All participants were
questioned for the history of cardiovascular diseases. The presence of dyslipidemia
was defined according to the current use of statins (a total of 43 patients were
taking 20 mg statin/day), and/or abnormal lipid findings on blood chemistry.
T2DM was diagnosed based on the American Diabetes Association consulting
criteria [*3] according to the patient’s clinical anamnesis, physical examination
and laboratory findings. T2DM patients population consisted of 173 subjects (78
men, 95 women). The control group included 104 age-, sex-, and BMI-matched
healthy subjects (43 men, 61 women) without T2DM who visited the hospital for
routine physical examinations during the same period. We included participants
aged > 30 with normal liver, thyroid and kidney function. Patients who had acute
and/or chronic inflammatory diseases (defined as liver disease, kidney disease,
rheumatoid arthritis, inflammatory bowel disease, sepsis or multiple sclerosis),
malignancy, and cases who were taking vitamin supplements or herbal drugs for
the last 3 months were excluded from the study.

The study protocol complied with the standards of the Declaration of Helsinki
and the current ethical guidelines and was approved by the Institutional Ethics
Board of Istanbul Education and Research Hospital (date: April 26, 2019, number:
1808). Written informed consent was obtained from each patient at the time of
enrollment.

Clinical assessment and laboratory data. Demographic characteristics
and laboratory data of the study cases are given in Table 1. On admission, pe-
ripheral venous blood samples were drawn from the antecubital vein of patients
after overnight fasting (10-12 h) from 8 to 10 am for the routine biochemical
tests. FBG and C-peptide were measured by an automatic analyzer (Beckman
Coulter AU5800, Beckman Coulter, USA). Insulin was measured with an auto-
matic analyzer (Beckman Coulter DX1800, Beckman Coulter, USA) and HbAlc
was analyzed with high-performance liquid chromatography (HPLC) by Adams
HA-8180V (BIODPC, Japan). Measurement of CRP and albumin levels were per-
formed by nephelometric and spectrophotometric methods, respectively. All the
measurements were completed within 2 h after collecting the samples collection.
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Table 1

Demographic characteristics and laboratory data of the patient and control groups

T2DM patients Controls
(n =173) (n = 104) b
Women, n (% 5 (54.90 61 (58.65

Sex e, (%)( . o E45.10§ 13 E41‘35§ 0-516
Age (years) 5 (14) 54 (15) 0.066
BMI (kg/m?) 30.86 £ 5.09 31.73 £5.45 0.193
Family history of T2DM, n (%) 96 (57.80) 8 (7.70) | 0.001
Comorbidities, n (%)

Obesity, n (%) 101 (58.38) 57 (54.80) | 0.617

Dyslipidemia, n (%) 137 (79.19) 11 (10.58) | 0.001

Cardiovascular diseases, n (%) 7 (9.83) 9 (8.66) 0.731
FBG (mg/dl) 136 (95) 96.5 (13) 0.001
Tnsulin (mU/L) 10.56 (3.03) 8.15 (5.80) | 0.012
HOMA-IR 3.49 (4.09) 1.03 (1.51) | 0.001
HbAlc (%) 7.20 (2.80) 5.60 (0.40) | 0.001
C-peptide (ng/ml) 1.91 (1.07) 1.81 (1.16) | 0.830
Total cholesterol (mg/dl) 216 (60.5) 221 (55.2) 0.113
LDL cholesterol (mg/dl) 131 (46.7) 141 (49.2) 0.011
HDL cholesterol (mg/dl) 46.0 (13.0) 48.0 (15.5) 0.024
Triglyceride (mg/dl) 148 (113.2) 129.5 (66.6) 0.003
CRP (mg/d]) 0.63 (1.04) 0.28 (0.83) | 0.003
Total protein (g/dl) 7.40 (0.50) 7.40 (0.60) | 0.257
Albumin (g/dl) 4.30 (0.40) 4.30 (0.30) 0.287
CAR 0.15 (0.26) 0.06 (0.20) | 0.002

Values represent mean + SD, median (IQR) or absolute numbers (percentages) according to the
type of variables and normality of data distributions.

Legend: BMI — Body mass index; FBG — Fasting blood glucose; HOMA-IR — Homeostatic
model assessment for insulin resistance; CRP — C-reactive protein; CAR — C-reactive protein to
albumin ratio

CAR was calculated by dividing CRP by albumin values. Insulin resistance was
estimated by the homeostasis model assessment (HOMA-IR), defined as fasting
serum insulin (IU/mL) x fasting plasma glucose (mg/dl)/405 ['4].

Statistical analysis. For continuous variables with normal distributions
data were presented as mean + standard deviation (SD), whereas continuous vari-
ables with non-normal distribution were presented as median (IQR). Categori-
cal variables were presented as percentages. The Kolmogorov—Smirnov test was
used to evaluate the distribution of continuous variables. Continuous variables
with normal distribution were analyzed by Student’s t-test (independent-sample
t-test), whereas continuous variables without normal distribution were analyzed
by the Mann—Whitney U test. The categorical data were analyzed by Pearson’s
Chi-square test. Spearman Rho correlation analyses were used to assess the rela-
tionships between variables. The optimal cut-off level for the CRP and CAR were
C. R. Acad. Bulg. Sci.,
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determined by a ROC curve analysis. The areas under the curve (AUC) were
calculated to assess the power of a model to identify patients for CRP and CAR.
Cut-off values showing the greatest accuracy were determined using a sensitiv-
ity /specificity versus criterion value plot. p-values of < 0.05 were considered to
indicate statistical significance. The data analysis was performed by IBM SPSS
Statistics 22 (IBM Corp., Armonk, NY, 2013).

Results. The patients included 95 women (54.90%) and 78 (45.10%) men
with median age of 55 years (IQR, 14 years), while the control group consisted of
61 women (58.65%) and 43 (41.35%) men with median age of 54 years (IQR,
15 years). No significant differences were observed in age (p = 0.066), BMI
(p = 0.193) and sex (p = 0.516) between the two groups. The presence of a
positive family history of T2DM was found to be significantly higher in the pa-
tient group relative to the control group (p = 0.001). The rate of dyslipidemia
was found to be statistically higher in the patient group than in the control group
(p = 0.001). HDL cholesterol and LDL cholesterol levels were lower, triglyceride
level was higher in the T2DM group than those in the control group (p-values
0.024, 0.011, 0.003, respectively). The patient group showed significantly higher
FBG values, fasting insulin values, HbAlc values, HOMA-IR, CRP values and
CAR than the control group (p-values 0.001, 0.012, 0.001, 0.001, 0.003, and 0.002,
respectively). No significant differences in C-peptide, total protein and albumin
levels were detected between the patient and control groups (p-values 0.830, 0.257,
and 0.287, respectively). Discrimination of patients and controls was assessed us-
ing the AUC. The AUC for CAR and CRP were statistically significant to dis-
criminate between patients and controls (p-values 0.002 and 0.003, respectively).
ROC curve analysis showed that CAR had almost similar discriminatory power
to differentiate between T2DM and controls (AUC: 0.623, 95% C1 0.544 to 0.701)
compared with CRP (AUC: 0.621, 95% C1 0.542 to 0.699) (Fig. 1). We determined
the optimal cut-off value for CAR as 0.0653 which yielded a sensitivity of 77.21%
and a specificity of 52.44%, the optimal cut-off value for CRP as 0.28 mg/dl which
yielded a sensitivity of 76.47% and a specificity of 51.22% (Fig. 1). The compari-
son of laboratory data of T2DM group regarding the cut-off values for CRP (0.28)
and CAR (0.0653) were given in Table 2 and Table 3, respectively.

CRP was found to be correlated with BMI, FBG and HbAlc (r: 0.195 p =
0.004, r: 0.251 p = 0.001, : 0.259 p = 0.001, respectively). CAR was correlated
with BMI, FBG, HbAlc, CRP and albumin (r: 0.204 p = 0.003, r: 0.251 p =
0.001, r: 0.262 p = 0.001, r: 0.998 p = 0.001, r: —0.214 p = 0.001, respectively).

Laboratory data of the T2DM group were compared regarding the cut-off
values of CRP and CAR. FBG, HbAlc levels were higher, albumin level was
lower under the cut-off values for CRP and CAR (Table 2 and Table 3).

Discussion. Our study is one of the limited numbers of studies in the litera-
ture assessing the diagnostic utility of CAR in diabetes. In the present study, we
identified a significantly increased CAR in T2DM patients compared with healthy
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Fig. 1. Receiver operating characteristic curve plotting the true positive

rate against the false positive rate for CAR (blue line) and CRP (red

line) in differentiating patients and controls. The area under the curve

for CAR 0.623, 95% Cl 0.544 to 0.701; for CRP 0.621, 95% C1 0.542 to
0.699

Table 2

Comparison of laboratory data of T2DM group regarding
the cut-off values for CRP

CRP <0.28 | CRP > 0.28 P
FBG (mg/dl) 101.5 (30) 123 (79) | 0.022
Tnsulin (mU,/L) 9.12 (5.67) | 9.42 (8.30) | 0.466
HOMA-IR 253 (1.63) | 3.12 (3.71) | 0.117
HbAlc (%) 5.80 (0.95) | 6.60 (2.5) | 0.032
C-peptide (ng/ml) | L 83 (1.09) | 1. 91 (1.24) | 0.342
Total protein (g/dl) 4 (0.60) 4 (0.58) | 0.381
Albumin (g/dl) 4 (0.40) 3(0.40) | 0.028
CAR 0. 039 (0.03) | 0. 206 (0.46) | 0.001

For Legend see Table 1.

subjects. However, despite this statistically significant difference, there was not a
reliable relationship between CAR and diabetes as illustrated by the ROC analy-

It is well known that systemic inflammation is an underlying contributor
to T2DM and chronic subclinical inflammation is recognized as being common
in the context of insulin resistance. Several studies have demonstrated that the
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Table 3

Comparison of laboratory data of T2DM group regarding
the cut-off values for CAR

CAR <£0.0653 | CAR > 0.0653 D
FBG (mg/dl) 101 (26) 123 (79) 0.025
Tnsulin (mU,/L) 9.00 (5.87) 9.49 (8.13) | 0.468
HOMA-IR 2.39 (1.64) 3.00 (3.68) | 0.131
HbAlc (%) 5.80 (1.00) 6.60 (2.50) | 0.045
C-peptide (ng/ml) 1.85 (0.98) 1.88 (1.26) 0.439
Total protein (g/dl) | 7.40 (0.60) 7.40 (0.60) | 0.277
Albumin (g/dl) 4.40 (0.40) 4.30 (0.40) | 0.020
CRP (mg,/d]) 0.17 (0.137) 0.91 (2.08) | 0.001

For Legend see Table 1.

presence of inflammation predicts the development of T2DM. DUNCAN et al. [19]
regarding the data from the Atherosclerosis Risk in Communities study, reported
that low-grade systemic inflammation markers including sialic acid, orosomucoid,
IL-6, and CRP are related to the development of diabetes in middle-aged adults.
However, after additional adjustment for BMI, waist-to-hip ratio, fasting glucose
and insulin, only the IL-6 predicts the development of T2DM [!5]. The ATTICA
study, performed by PITsavos et al. [1%] in Greece from 2001 to 2002, reported
that the prevalence of T2DM was strongly associated with high CRP, IL-6 and
TNF-«x levels. In a systematic review and meta-analysis conducted by WANG
et al. [7], including 10 prospective studies with a total of 19709 participants and
4480 cases, it was concluded that elevated CRP levels were significantly associated
with increased risk of type 2 diabetes. Recently, CAR has been defined as a
novel potential prognostic factor and systemic inflammation marker in cancer and
a predictive marker for PCOS. In a recent study, BAYRAK ['7] reported serum
CAR levels were significantly higher in complicated diabetic patients compared to
controls. Besides, any validated CAR value for predicting diabetic complications
including neuropathy, nephropathy, coronary artery disease, and retinopathy was
not observed [!7]. Calculating CAR is simpler and cheaper than measuring other
inflammatory cytokines, such as IL-6 and TNF-«. In the present study, CRP
and CAR values of the T2DM patients were found to be significantly higher than
those of the healthy control cases (p = 0.003 and 0.002, respectively). However,
ROC curve analysis showed that the CAR had no greater discriminatory power to
differentiate between T2DM patients and controls in comparison to CRP (Fig. 1).
Increased serum albumin levels were reported to be associated with metabolic
syndrome and insulin resistance ['®19]. In contradiction with earlier findings,
we found no association between HOMA-IR and albumin level and there was
no significant difference between patient and control groups for plasma albumin
levels. Mean albumin level was lower in the T2DM group, however, it did not reach
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statistical significance, thus the increase in the CAR was mainly derived from the
increase in the CRP. The magnitude of the increases in the concentrations of
acute phase proteins varies from one protein to another. There is evidence that
the response to chronic inflammation varies from one protein to another. It is
about 50% in the case of CRP [?°] but might be less for albumin. Perhaps this
may be the answer to the question why the discriminatory power of CAR to
differentiate between T2DM patients and controls was no greater than that of
CRP alone.

As for the potential limitations of the current study, we used HOMA-IR to
measure IR and not the hyperinsulinemic-euglycemic clamp which is the gold
standard. Also, pre-existing comorbid conditions with inflammatory processes
such as dyslipidemia and prescribed medications that we cannot manage may
have affected the level of CAR and CRP. As a matter of fact, LDL cholesterol
levels were found to be lower in the T2DM group because of statin usage.

All these findings of our research support the link between systemic inflamma-
tion and T2DM. Although the performance of CAR is nearly equal to that of CRP
to discriminate between T2DM patients and healthy subjects, our findings sug-
gest that CAR can possibly serve as an inflammatory biomarker for patients with
T2DM in clinical practice. CAR may be particulary relevant in evaluating the
efficacy of new treatments targeting inflammation in T2DM. Further prospective
research is necessary to assess the diagnostic utility of CRP and CAR in diabetes.
For example, prospective follow-up cohorts may determine optimal cut-off points
for different age groups. Our findings may be improved by large-scale prospective
population studies to compare CAR and CRP in predicting the incident of T2DM
and monitoring the disease. Also, we suggest a multi-centre study to clarify the
diagnostic role of CAR in diabetes.

REFERENCES

['] FowLER M. J. (2011) Microvascular and macrovascular complications of diabetes,
Clin. Diabetes, 29, 116-122.

[2] HotamisLigiL G.S. (2006) Inflammation and metabolic disorders, Nature,
444(7121), 860-867.

[}] DonaTH M.Y., S. E. SHOELSON (2011) Type 2 diabetes as an inflammatory dis-
ease, Nat. Rev. Immunol., 11, 98-107.

[*] FestAa A., R. D’AGOSTINO JR, G. HOWARD, L. MYKKANEN, R.P. TRACY et al.
(2000) Chronic subclinical inflammation as part of the insulin resistance syndrome:
the Insulin Resistance Atherosclerosis Study (IRAS), Circulation, 102(1), 42-47.

[°] ABpALLAH A.I1., A.A. ABDELAZIZ, E. EL-MEGHAWRY, T.M. EMRAN (2018)
Study of neutrophil lymphocyte ratio (NLR) and platelet lymphocyte ratio (PLR)
as a predictor inflammatory marker for diabetic nephropathy in type 2 diabetic
patients, Egypt J. Hosp. Med., 72(7), 4800-4807.

9 C. R. Acad. Bulg. Sci., 75, No 4, 2022 603



%]
"]

[°]

]

"]

]

%]

%]

[

%]

']

"]

%]

[*]

*]

604

Pepys M. B., G. M. HIRSCHFIELD (2003) C-reactive protein: a critical update, J.
Clin. Invest., 111, 1805-1812.

Wwane X., W. Bao, J. Liu, Y.Y. OuYaNG, D. WANG et al. (2013) Inflamma-
tory markers and risk of type 2 diabetes: a systematic review and meta-analysis,
Diabetes Care, 36(1), 166-175.

LeviTT D.G., M.D. LEVITT (2016) Human serum albumin homeostasis: a new
look at the roles of synthesis, catabolism, renal and gastrointestinal excretion, and
the clinical value of serum albumin measurements, Int. J. Gen. Med., 9, 229-255.
IsHizAKA N., Y. IsHIZAKA, R. NaGAIL, E. TopA, H. HASHIMOTO et al. (2007) As-
sociation between serum albumin, carotid atherosclerosis, and metabolic syndrome
in Japanese individuals, Atherosclerosis, 193(2), 373-379.

FaircroucH E., E. Cairns, J. Hamicron, C. KeLLy (2009) Evaluation of a
modified early warning system for acute medical admissions and comparison with
C-reactive protein/albumin ratio as a predictor of patient outcome, Clin. Med.
(Lond.), 9(1), 30-33.

Xu H.J., Y. Ma, F. DEng, W.B. Ju, X.Y. SuN et al. (2017) The prognostic
value of C-reactive protein/albumin ratio in human malignancies: an updated meta-
analysis, Onco Targets Ther., 10, 3059-3070.

KALYAN S., A. GOSHTESABI, S. SARRAY, A. JOANNOU, W.Y. ALMAWI (2018)
Assessing C reactive protein/albumin ratio as a new biomarker for polycystic ovary
syndrome: a case-control study of women from Bahraini medical clinics, BMJ Open,
8(10), e021860.

American Diabetes Association (2018) 2. Classification and Diagnosis of Diabetes:
Standards of Medical Care in Diabetes—2018, Diabetes Care, 41(Suppl. 1), S13—-
S27.

MarTHEWS D.R., J.P. HOSKER, A.S. RUDENSKI, B.A. NAYLOr, D.F.
TREACHER et al. (1985) Homeostasis model assessment: insulin resistance and
beta-cell function from fasting plasma glucose and insulin concentrations in man,
Diabetologia, 28, 412-419.

Duncan B.B., M. 1. ScuMmipT, J.S. PANKOW, C. M. BALLANTYNE, D. COUPER
et al. (2003) Low-grade systemic inflammation and the development of type 2 dia-
betes: the atherosclerosis risk in communities study, Diabetes, 52(7), 1799-1805.
Pirtsavos C., M. TAMPOURLOU, D.B. PANAGIOTAKOS, Y. SKOUMAS,
C. CHRYSOHOOU et al. (2007) Association between low-grade systemic inflamma-
tion and type 2 diabetes mellitus among men and women from the ATTICA study,
Rev. Diabet. Stud., 4(2), 98-104.

BAYRAK M. (2019) Predictive value of C-Reactive Protein/Albumin ratio in pa-
tients with chronic complicated diabetes mellitus, Pak. J. Med. Sci., 35(6), 1616—
1621.

KADONO M., G. HASEGAWA, M. SHIGETA, A. NAKASAWA, M. UEDA et al. (2010)
Serum albumin levels predict vascular dysfunction with paradoxical pathogenesis
in healthy individuals, Atherosclerosis, 209, 266-270.

Bae J.C., S.H. Sko, K. Y. Hur, J. H. KiMm, M.-S. LEE et al. (2013) Association
between serum albumin, insulin resistance, and incident diabetes in nondiabetic
subjects, Endocrinol. Metab. (Seoul), 28(1), 26-32.

JAIN S., V. GAuTAM, S. NASEEM (2011) Acute-phase proteins: As diagnostic tool,
J. Pharm. Bioallied Sci., 3(1), 118-127.

Z. Caliskan, Y. Hacioglu, N. Bulut et al.



Medical Biochemistry
Faculty of Medicine
Istanbul Yeni Yuzyil University
26 Yilanli Ayazma St
34010, Zeytinburnu, Istanbul, Turkey
e-mail: z.sezginn@gmail.com

** Biostatistics
Faculty of Medicine
Istanbul Medeniyet University
Dumlupinar D100 Karayolu, No:98
34720, Kadikéy, Istanbul, Turkey
e-mail: nrgl.bulut@hotmail.com

C. R. Acad. Bulg. Sci., 75, No 4, 2022

*Family Practice
Istanbul Education and Research Hospital
Org. Abdurrahman Nafiz Giirman St
34098, Fatih, Istanbul, Turkey
e-mail: yalcin18@yahoo.com

***Medical Biochemistry
Cerrahpasa Medical Faculty
Istanbul University-Cerrahpasa
Cerrahpasa Campus
34098, Avcilar, Istanbul, Turkey
e-mail: yldz.dincer@gmail.com

605



