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ABSTRACT

Diabetes Mellitus (DM) is a genetic and/or lifestyle disease which had wide ramifications
affecting the functioning of several organs. As of now, approximately 35% of Indian
population are with DM. Uncontrolled DM will lead to many other diseases, the first being
the alterations in kidney function followed by cardiac and liver diseases. About 45% of
kidney diseases are caused by uncontrolled DM. HbAlc and serum creatinine are the two
gold standards for the monitoring and control of DM and kidney disease and there must exist
some association between them. This research article presents an association found between
these analytes and depicts HbAlc/ Creatinine ratio as an Index to assess the progression and
control of DM in a group of patients with T2DM. Very good association was found between
HbAlc and creatinine as well as HbAlc to the ratio, both for controls and patients ( p<
0.0001). The outcome of this study strongly suggests that all patients undergoing treatment
for T2DM be investigated for serum creatinine to ascertain kidney function.
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INTRODUCTION

Uncontrolled DM will lead to many complications and the organ first affected is kidney.

There are many contributing factors for the development of T2DM among which modern life
style, junk food and obesity play a major role. HbAlc is the gold standard to monitor
Diabetic Control during the preceding 2 to 3 months and its persistent elevation will cause
kidney failure and the two markers used to evaluate it are serum creatinine and urinary
excretion of proteins. Hence there must exist a relationship between HbAlc and creatinine.
The aim of this study is to find out the association between them in a group of T2DM patients
as well as normal controls.

Obesity and excessive inflammation/oxidative stress are pathophysiological foctors
associated with kidney dysfunction. Treatment with hemin reduced renal histo-pathological
lesions including glomerular-hypertrophy, tubular-cast, tubular-atrophy and mononuclear
cell-infiltration in Hemin treated Zucker-Fatty rats. Importantly, the concomitant potentiation
regeneration proteins and podocyte cytoskeletal proteins are novel mechanisms by which
hemin rescue nephropathy in obesity’ The worldwide prevalence of obesity and its associated
metabolic and cardiovascular disorders has risen dramatically within the past 2 decades.
There is a growing awareness of the renal consequences of obesity, and considerable progress
is being made in understanding its pathophysiology. Weight reduction results in lowered
proteinuria. Aside from low sodium diet and exercises, more widespread use of
renoprotective therapy (e.g., ACE inhibitors and statins) in treatment of hypertension in obese
subjects should be advocated. Renal protection should result in reducing the cardiovascular
complications of obesity.? Current evidence suggests that excess weight gain may be
responsible for 65-75% of the risk for essential hypertension. Abnormal renal pressure
natriuresis, due initially to increased renal tubular sodium reabsorption, is a key factor
linking obesity with hypertension. Excess visceral adipose tissue may physically compress
the  kidneys, increasing intrarenal  pressures and  tubular  reabsorption.
Sustained obesity eventually causes structural changes in the kidneys and loss of nephron
function, further increasing arterial pressure and leading to severe renal disease in some
cases.?

Abnormal kidney function is an important cause as well as a consequence of obesity.
Excess renal sodium reabsorption, probably in the loop of Henle, and a hypertensive shift of
pressure natriuresis play a major role in initiating increased blood pressure associated with
weight gain. Obesity is the main cause of T2DM and an important cause of human essential
hypertension, it seems likely that obesity is also one of the most important risk factors for
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End-Stage Renal Disease (ESRD).* Obesity increases renal sodium reabsorption and impairs
pressure natriuresis by activation of the renin-angiotensin and sympathetic nervous systems
and by altered intrarenal physical forces. Chronic obesity also causes marked structural
changes in the kidneys that eventually lead to a loss of nephron function, further increases in
arterial pressure, and severe renal injury in some cases. Although there are many unanswered
questions about the mechanisms of obesity hypertension and renal disease, this is one of the
most promising areas for future research, especially in view of the growing, worldwide
“epidemic" of obesity.” Excess weight gain is a major risk factor for essential hypertension
and for ESRD. Obesity raises blood pressure by increasing renal tubular sodium reabsorption,
impairing pressure natriuresis, and causing volume expansion because of activation of the
sympathetic nervous system and renin-angiotensin system and by physical compression of
the kidneys, especially when visceral obesity is present. Weight reduction is an essential first
step in the management of obesity, hypertension, and kidney disease. Special considerations
for the obese patient, in addition to adequately controlling the blood pressure, include
correction of the metabolic abnormalities and protection of the kidneys from further injury.®

Obesity-induced hypertension, like all forms of experimental and human hypertension
studied thus far, is associated with renal dysfunction characterized by the resetting of pressure
natriuresis. In obese subjects, this resetting is primarily a result of increased renal tubular
reabsorption as Glomerular Filtration Rate (GFR) and renal blood flow are markedly
reduced. Obesity may also be attributable to altered intrarenal forces caused by histologic
changes in the renal medulla that may compress the loops of Henle and vasa recta, increase
tubular sodium reabsorption, and activate the renin-angiotensin system. The quantitative
importance of these intrarenal changes and their interrelationship with neurohumoral
activation in obesity is an important area for further investigation.” Recent studies show that
adipose tissue is a complex organ with functions far beyond the mere storage of energy.
Indeed, it has recently been shown that fat tissue secretes a number of adipokines - including
leptin, adiponectin and retinol-binding protein, as well as cytokines such as resistin, visfatin,
tumor necrosis factor and interleukin-6. Adipokine serum levels are furthermore markedly
elevated in Chronic Kidney Disease (CKD), likely due to a decreased renal excretion.
Evidence suggests that these pluripotent signaling molecules may have multiple effects
modulating insulin signaling, endothelial health and putatively Cardio Vascular Disease
(CVD). As fat tissue is also a storage depot for energy, much needed in the catabolic milieu
of uremia, further research is still needed to elucidate the likely complex interactions between
these signaling networks, vascular health and outcome in this high-risk population® The

incidence and prevalence of obesity has risen markedly in the last decade, and this epidemic
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represents a serious health hazard with significant morbidity and mortality. In conditions of
chronic hyperleptinemia, such as obesity, leptin may function pathophysiologically for the
development of hypertension as well as cardiac and renal disease. Thus, in addition to weight
control, reduction of circulating leptin may confer cardiovascular and renal protective effects
in patients with obesity induced hypertension.®

Close correlation seems to be between the worsening of renal functions and the decrease of
thrombocyte sensitivity in DM: The hypercholesterinemia observed in nephropathic diabetes
did not lead to the hyper aggregability known in familial hypercholesterinemia. Thus it
appears likely that the increase in cholesterine level in the serum does not influence directly,
but rather by the effects in connection with its origin, differently the thrombocyte reactivity.™
Statistically significant differences were observed in the Hemoglobin (Hb) concentrations
when comparing individuals classified with different stages of CKD in the younger and
elderly groups. In the younger group, there was no significant difference in the Hb
concentrations between the stage 3a and 3b CKD patients. However, in the elderly group, the
Hb concentrations were significantly higher in patients classified with stage 3a CKD when
compared with those with stage 3b, whose GFR cutoff point was <60 ml/min/1.73 m?,
indicating that Hb levels may be used to discriminate stages of CKD in elderly patients; thus,
Hb may be used as a biomarker to assess the severity of CKD.**

Systematic assays of glycosylated haemoglobin (HbAlc) were performed to verify that
pregnant women with glycosuria and normal fasting blood glucose and glucose tolerance
tests had no disturbances in glycoregulation . On the third trimester, HbAlc levels were
significantly higher in glycosuric women of normal weight than in controls. They were also
significantly higher in obese glycosuric women than in controls of the same weight and
exceeded normal limits, highlighting better detection (by glucose tolerance test) and better
supervision of women with “renal” diabetes.'? Both TLDM & T2DM accounts for 60% of the
ESRD attributed to diabetes in the United States, yet little is known about glomerular
function or the development ofrenal disease in this type of diabetes. The
Diabetic Renal Disease Study (DRDS) is designed to provide new information on the
functional determinants of renal disease in both forms of DM and will serve as the basis for
designing intervention strategies.*®

Studies of glomerular structure and hemodynamic function in diabetic Pima Indians indicate
that glomerular hyperfiltration often develops at the onset of TIDM and remains elevated
until after overt nephropathy appears. Structurally, the glomeruli in subjects with
microalbuminuria are not clearly distinguishable from those in subjects with

normoalbuminuria, but macroalbuminuria is characterized by extensive glomerular sclerosis,
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mesangial expansion, and widening of epithelial cell foot processes that together lead to a
rapid decline in GFR. The decline in glomerular function in subjects with macroalbuminuria
is due both to a loss of ultrafiltration surface area and to reduction in glomerular hydraulic
permeability.'* Patients with CKD have significant changes in serum and urinary
concentration of several amino acids and changes in renal clearance of some specific amino
acids. Normalization of cortisol levels restored the amino acid profile.™

Disturbed amino acid metabolism may be a more important causative factor in the etiology of
diabetic microangiopathy than hitherto recognized and, in addition, that this may affect the
therapeutic approach in both TLDM & T2DM patients.*® In both cirrhotic patients and control
subjects, combined hyperinsulinemia/hyperaminoacidemia elicited a similar stimulation of
non-oxidative leucine disposal (an index of protein synthesis) and leucine oxidation while
causing a greater suppression of endogenous leucine flux than observed with insulin alone.
Thus the suppressive effect of insulin on protein degradation and the stimulatory effect of
insulin/amino acid infusion on protein synthesis are not impaired in cirrhotic patients,
demonstrating a clear-cut dissociation between the effects of insulin on protein and glucose
metabolism.*

The use of angiotensin-converting enzyme inhibitors, which has been reported to be
associated with an inhibition of erythropoiesis, does not seem to have a clinically significant
effect on haemoglobin levels. In order to address all the independent risk factors in diabetic
ESRD, optimal management of these patients should involve interdisciplinary care
(diabetologist and nephrologist) and consideration of correction of anaemia.'® Co-incubation
with glucose and hydrogen peroxide synergistically increased Carboxy Methyl Valine-Hb
(CMV-Hb) formation. The CMV-Hb level was higher in the diabetic group than the non-
diabetic group, and CMV-Hbwas correlated with the plasma total cholesterol and
serum creatinine levels. The CMV-Hb level was decreased by antioxidant therapy,
whereas HbAlc did not change. These results demonstrate that CMV-Hb may be a useful
marker for accumulation of oxidative stress in diabetic patients."®

MATERIALS AND METHOD

25 male patients and an equal number of controls in the age group of 30-80 years were
selected for this study. For control patients attending Master Health Checkup (MHC) were
enrolled and for patients, those attending the Diabetic Clinic were selected. The main
objective of this study was to find out the association between HbAlc and Creatinine as well
as to HbAlc/Creatinine ratio both for Controls and Patients with T2DM.

Diuri CS 1300 B analyser and Dialab reagents were used to measure Creatinine and Biorad
D10 analyser and the kit supplied by that company was used to measure HbAlc. The

www.bjmhr.com 61



http://www.bjmhr.com/

Swaminathan et. al., Br J Med Health Res. 2016;3(3) ISSN: 2394-2967

accuracy of these analytes were validated by the use of Bio-Rad accuracy controls at two
levels.

Inclusion criteria

Patients who attended the Endocrine Clinic and whose HbAlc >6.5% and Creatinine
>1.3mg/dL were included.

25 patients who attended the routine Master Health Checkup and whose HbAlc and
creatinine levels were normal served as controls.

Exclusion criteria

Patients who attended the Diabetic Clinic and whose HbAlc values <6.5% and Creatinine
values <1.3mg/dL were excluded.

For statistical analysis of data, a software downloaded from the website
http://www.graphpadquickcalcs.com was used to calculate, students ‘t’ distribution (t) and
probability (p) between the group of analytes studied for both controls and between controls
and patients.

RESULTS AND DISCUSSION
Table I: Mean & SD for Control & Patient groups (n=25)

Group n  Analytes
HbA1lc Creatinine HbA1c/Creatinine ratio
Mean SD Mean SD Mean SD
Controls (n=25) 25 5.5 0.297 0.8 0.147 6.83 1.136
Patients (n=25) 25 8.6 1.653 2.17 1.058 4.57 1.557
Table Il: Statistical Parameters (t & p ) for Controls & Patients groups
Groups compared t p
Controls
HbAlc vs Creatinine 70.91 <0.0001
HbA1c vs ratio 5.66 <0.0001
Creatinine vs ratio 26.32 <0.0001
Patients
HbAlc vs Creatinine 16.38 <0.0001
HbAlc vs ratio 8.87 <0.0001

Creatinine vs ratio 6.37 <0.0001

Table | presents the Mean & SD for HbAlc and creatinine for both controls and patients. It is
clear from this Table that significant increases are observed for patients HbAlc & Creatinine
and HbA1c/Creatinine ratio compared to controls and a visual inspection certainly reveals an
excellent association may exist between these groups for the three analytes studied.

Table Il shows the statistical parameters viz t & p between HbAlc & Creatinine and also to
the ratio for both Controls & patients. A highly significant association (p<0.0001) was

observed between HbAlc and Creatinine as well as to the ratio, both for controls and
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patients. This strongly suggests that creatinine will indeed be altered in all uncontrolled
T2DM patients.

Numerous studies have been done in the field of laboratory diagnosis related to DM,
especially T2DM. While HbA1c serves as the reliable marker to monitor diabetic control
during the preceding 2-3 months, serum creatinine is the most important test to evaluate
kidney function. Studies done in the past have linked uncontrolled DM to kidney diseases and
hence there must exist an association between these markers and obesity induced DM will
induce progression of kidney diseases *. A close relationship has also been observed between
the severity of DM and worsening of kidney diseases '***. Further Hemoglobin levels are
also directly linked to HbAlc. Based on these previous observations, this study outcome has
established a close link between DM and Kidney Function by finding an association between
the Diabetic control marker HbAlc to Kidney function marker Creatinine.

CONCLUSION

In many previous studies done in the past linking DM to CKD, no correlation between
HbA1lc and Creatinine was done, and hence this study was undertaken to link these two
diseases based on the laboratory diagnostic indices HbAlc and Creatinine. The outcome this
study has strongly established an association ( P< 0.0001) between HbAlc and Creatinine
and the ratio between Hbalc to Creatinine, both for controls and patients. The outcome this
study strongly suggests that all patients undergoing treatment for T2DM be investigated for

serum creatinine to ascertain kidney function.
ACKNOWLEDGEMENT
The authors would like to thank Dr.Mitra Ghosh, Chief of Lab Services at Apollo Speciality

Hospital, Ayanambakkam, Chennai, Tamil Nadu for giving us permission to undertake this
study.
REFERENCE

1. Ndisang JF, Tiwari S. Mechanisms by which hemeoxygenase rescue renal
dysfunction in obesity. Redox Biol. 2014;2C:1029-1037.

2. Naumnik B, Mysliwiec M. Renal consequences of obesity. Med
SciMonit. 2010;16(8):RA163-70.

3. Hall JE Kuo JJ,da Silva AA, de Paula RB, Liu J, Tallam L. Obesity-associated
hypertension and kidney disease. CurrOpinNephrolHypertens. 2003;12(2):195-200.

4. Hall JE, Brands MW, Henegar JR. Mechanisms of hypertension and kidney disease
in obesity. Ann N 'Y Acad Sci. 1999;892:91-107.

5. Hall JE. The kidney, hypertension and obesity. Hypertension. 2003;41(3 Pt 2):625-33.

www.bjmhr.com 63



http://www.bjmhr.com/
http://www.ncbi.nlm.nih.gov/pubmed/25460740
http://www.ncbi.nlm.nih.gov/pubmed/?term=Naumnik%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20671624
http://www.ncbi.nlm.nih.gov/pubmed/?term=My%C5%9Bliwiec%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20671624
http://www.ncbi.nlm.nih.gov/pubmed/20671624
http://www.ncbi.nlm.nih.gov/pubmed/20671624
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hall%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=12589181
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuo%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=12589181
http://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Silva%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=12589181
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Paula%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=12589181
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12589181
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tallam%20L%5BAuthor%5D&cauthor=true&cauthor_uid=12589181
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hall%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=10842655
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brands%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=10842655
http://www.ncbi.nlm.nih.gov/pubmed/?term=Henegar%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=10842655
http://www.ncbi.nlm.nih.gov/pubmed/10842655
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hall%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=12623970
http://www.ncbi.nlm.nih.gov/pubmed/12623970

Swaminathan et. al., Br J Med Health Res. 2016;3(3) ISSN: 2394-2967

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

Hall JE, Henegar JR, Dwyer TM, Liu J, Da Silva AA, Kuo JJ, Tallam L. Is obesity a
major cause of chronic kidney disease? AdvRen Replace Ther. 2004;11(1):41-54.

Hall JE. Mechanisms of abnormal renal sodium handling in obesity hypertension. Am
J Hypertens. 1997;10(5 Pt 2):49S-55S.

Axelsson J. Obesity in chronic Kkidney disease: good or bad? Blood
Purif. 2008;26(1):23-9.

Mathew B, Patel SB, Reams GP, Freeman RH, Spear RM, Villarreal D. Obesity-
hypertension: emerging concepts in pathophysiology and treatment. Am J Med
Sci. 2007;334(1):23-30

Taéth L, Szénasi P, Kammerer L, Romics L. Correlation of thrombocyte reactivity and
serum levels of HbAlc, cholesterol and creatininein diabetes  mellitus.
OrvHetil. 1990;25;131(8):405-6, 409-10.

Chen Y,Qin M, Zheng J,Yan H,Li M,Cui Y,Zhang R, Zhao W, Guo Y.
Hemoglobin discriminates  stages of chronic kidney disease in elderly
patients ExpTher Med. 2015;10(2):567-571.

Barrat J, Duron F, Gaillard G, Giboudeau J. Glycosylated hemoglobin in pregnant
women with glycosuria. Presse Med. 1984;13(23):1435-8.

Nelson RG. Renal function in non-insulin-dependent diabetes mellitus: purposes and
design of the Diabetic Renal Disease Study. ActaDiabetol. 1991;28(2):143-50.

Nelson RG, Meyer TW, Myers BD, Bennett PH. Clinical and pathological course
of renal disease in non-insulin-dependent diabetes mellitus: the Pima Indian
experience. SeminNephrol. 1997;17(2):124-31.

Faggiano A Pivonello R, Melis D, Alfieri R, Filippella M, Spagnuolo G, Salvatore
F, Lombardi G, Colao A. Evaluation of circulating levels and renal clearance of
natural amino acidsin  patients with  Cushing's disease. J Endocrinol
Invest. 2002;25(2):142-51

Rosenlund BL. Effects of insulin on free amino acids in plasma and the role of
the amino acid metabolism in the etiology of diabetic microangiopathy. Biochem Med
Metab Biol. 1993;49(3):375-91.

Petrides AS, Luzi L, Reuben A, Riely C, DeFronzo RA. Effect of insulin and
plasma amino acid  concentration on leucine  metabolism in  cirrhosis.
Hepatology. 1991;14(3):432-41.

Bilous R. Anaemia--a diabetologist's dilemma? Acta Diabetol. 2002;39(1):S15-9.
Shimada S, Tanaka Y, Ohmura C, Tamura Y, Shimizu T, Uchino H, Watada

H, Hirose T, Nakaniwa T, Miwa S, Kawamori R. N-(carboxymethyl)valine residues

www.bjmhr.com 64



http://www.bjmhr.com/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hall%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=14730537
http://www.ncbi.nlm.nih.gov/pubmed/?term=Henegar%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=14730537
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dwyer%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=14730537
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=14730537
http://www.ncbi.nlm.nih.gov/pubmed/?term=Da%20Silva%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=14730537
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuo%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=14730537
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tallam%20L%5BAuthor%5D&cauthor=true&cauthor_uid=14730537
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hall%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=9160781
http://www.ncbi.nlm.nih.gov/pubmed/?term=Axelsson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18182791
http://www.ncbi.nlm.nih.gov/pubmed/18182791
http://www.ncbi.nlm.nih.gov/pubmed/18182791
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mathew%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17630587
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=17630587
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reams%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=17630587
http://www.ncbi.nlm.nih.gov/pubmed/?term=Freeman%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=17630587
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spear%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=17630587
http://www.ncbi.nlm.nih.gov/pubmed/?term=Villarreal%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17630587
http://www.ncbi.nlm.nih.gov/pubmed/17630587
http://www.ncbi.nlm.nih.gov/pubmed/17630587
http://www.ncbi.nlm.nih.gov/pubmed/?term=T%C3%B3th%20L%5BAuthor%5D&cauthor=true&cauthor_uid=2179810
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sz%C3%A9n%C3%A1si%20P%5BAuthor%5D&cauthor=true&cauthor_uid=2179810
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kammerer%20L%5BAuthor%5D&cauthor=true&cauthor_uid=2179810
http://www.ncbi.nlm.nih.gov/pubmed/?term=Romics%20L%5BAuthor%5D&cauthor=true&cauthor_uid=2179810
http://www.ncbi.nlm.nih.gov/pubmed/2179810
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26622355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Qin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26622355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26622355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26622355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26622355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26622355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20W%5BAuthor%5D&cauthor=true&cauthor_uid=26622355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26622355
http://www.ncbi.nlm.nih.gov/pubmed/26622355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barrat%20J%5BAuthor%5D&cauthor=true&cauthor_uid=6233589
http://www.ncbi.nlm.nih.gov/pubmed/?term=Duron%20F%5BAuthor%5D&cauthor=true&cauthor_uid=6233589
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gaillard%20G%5BAuthor%5D&cauthor=true&cauthor_uid=6233589
http://www.ncbi.nlm.nih.gov/pubmed/?term=Giboudeau%20J%5BAuthor%5D&cauthor=true&cauthor_uid=6233589
http://www.ncbi.nlm.nih.gov/pubmed/6233589
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nelson%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=1777650
http://www.ncbi.nlm.nih.gov/pubmed/1777650
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nelson%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=9148378
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meyer%20TW%5BAuthor%5D&cauthor=true&cauthor_uid=9148378
http://www.ncbi.nlm.nih.gov/pubmed/?term=Myers%20BD%5BAuthor%5D&cauthor=true&cauthor_uid=9148378
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bennett%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=9148378
http://www.ncbi.nlm.nih.gov/pubmed/9148378
http://www.ncbi.nlm.nih.gov/pubmed/?term=Faggiano%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11929085
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pivonello%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11929085
http://www.ncbi.nlm.nih.gov/pubmed/?term=Melis%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11929085
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alfieri%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11929085
http://www.ncbi.nlm.nih.gov/pubmed/?term=Filippella%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11929085
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spagnuolo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11929085
http://www.ncbi.nlm.nih.gov/pubmed/?term=Salvatore%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11929085
http://www.ncbi.nlm.nih.gov/pubmed/?term=Salvatore%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11929085
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lombardi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11929085
http://www.ncbi.nlm.nih.gov/pubmed/?term=Colao%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11929085
http://www.ncbi.nlm.nih.gov/pubmed/11929085
http://www.ncbi.nlm.nih.gov/pubmed/11929085
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenlund%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=8347381
http://www.ncbi.nlm.nih.gov/pubmed/8347381
http://www.ncbi.nlm.nih.gov/pubmed/8347381
http://www.ncbi.nlm.nih.gov/pubmed/?term=Petrides%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=1874488
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luzi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=1874488
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reuben%20A%5BAuthor%5D&cauthor=true&cauthor_uid=1874488
http://www.ncbi.nlm.nih.gov/pubmed/?term=Riely%20C%5BAuthor%5D&cauthor=true&cauthor_uid=1874488
http://www.ncbi.nlm.nih.gov/pubmed/?term=DeFronzo%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=1874488
http://www.ncbi.nlm.nih.gov/pubmed/1874488
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bilous%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12038697
http://www.ncbi.nlm.nih.gov/pubmed/12038697
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimada%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16098924
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16098924
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ohmura%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16098924
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tamura%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16098924
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimizu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16098924
http://www.ncbi.nlm.nih.gov/pubmed/?term=Uchino%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16098924
http://www.ncbi.nlm.nih.gov/pubmed/?term=Watada%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16098924
http://www.ncbi.nlm.nih.gov/pubmed/?term=Watada%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16098924
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hirose%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16098924
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakaniwa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16098924
http://www.ncbi.nlm.nih.gov/pubmed/?term=Miwa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16098924
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kawamori%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16098924

Swaminathan et. al., Br J Med Health Res. 2016;3(3) ISSN: 2394-2967

in hemoglobin (CMV-Hb) reflect accumulation of oxidative stress in diabetic patients.

Diabetes Res Clin Pract. 2005;69(3):272-8.

BIMHR is
e Peer reviewed
e Monthly

e Rapid publication
e Submit your next manuscript at
editor@bjmhr.com

www.bjmhr.com

65



http://www.bjmhr.com/
http://www.ncbi.nlm.nih.gov/pubmed/16098924

