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Background: Improvement in glycemic control, particularly early in the treatment, is associated with reductions in the 
incidence of microvascular complications, including chronic kidney disease (CKD).
Objective: To study the effect of glycemic control on diabetic nephropathy (DN) in patients with type 2 diabetes.
Materials and Methods: We investigated progression of DN by measuring glycosylated hemoglobin (HbA1c), serum 
creatinine, and glomerular filtration rate (GFR) level in 70 (37 men and 33 women) patients with type 2 diabetes mellitus 
(DM) on antihypertensive treatment.
Result: The survey was done for 6 months during which 40 patients with DM (group 1) with serum creatinine <1.2 mg/dL  
were compared with 30 patients with DM (group 2) with serum creatinine ≥1.2 mg/dL who had mean HbA1c of 9.0%.  
In group 2, the mean level of serum creatinine (1.71 ± 0.46 mg/dL) was significantly higher and the mean GFR (54.57 ± 
35.26 mL/min) was significantly lower than group 1 (P < 0.05).
Conclusion: Uncontrolled glycemic control leads to progression of DN with an earlier decline in GFR in patients with type 2  
diabetes.
KEY WORDS: Glycemic control, GFR, serum creatinine, type 2 diabetes mellitus (DM)

Abstract

International Journal of Medical Science and Public Health Online 2016. © 2016 Shital S Dodhia. This is an Open Access article distributed under the terms of the  
Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium 
or format and to remix, transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.

characterized by persistent albuminuria, arterial blood pressure  
elevation, progressive decline in glomerular filtration rate (GFR), 
and a high risk of cardiovascular morbidity and mortality.[1]  
Approximately 40% of people with diabetes will develop  
nephropathy. DN is a leading cause of end-stage renal disease. 
However, the decline in GFR is highly variable, ranging from 
2 to 20 mL/min/year.[2–5] Chronic kidney disease (CKD) can be 
quantitatively defined as a GFR <60 mL/min/1.73 m2 and the  
rate of rise in serum creatinine, a well-accepted marker for  
the progression of DN, (creatinine value 1.4 to 3.0 mg/dL is 
the indicator for impaired renal function).[6,7]

The Diabetes Control and Complications Trial showed 
a significant relationship between reduction in glycosylated  
hemoglobin (HbA1c) levels and the risk of microvascular 
complications including CKD.[8] In patients with diabetes, poor  
glycemic control is a risk factor for the development of  
nephropathy. Similarly, the incidence of a decline in renal 
function over 5 years was greater among the older patients 
with hypertension.[9] DN is characterized histologically by the 

Introduction

The prevalence of diabetes has reached epidemic propor-
tions. The World Health Organization predicts that developing  
countries will bear the brunt of this epidemic in the 21st  
century. Although the global prevalence of diabetes is 6.4%, 
India has the world’s largest population with diabetes with an 
estimated 50.8 million people, followed by China with 43.2 
million. Diabetic nephropathy (DN) is a clinical syndrome 
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thickening of the glomerular basement membrane, increased 
fraction of mesangial volume, and podocyte abnormalities. 
Consistent with the findings in clinical studies that hypergly-
cemia per se plays a key role in the development of diabetic  
kidney disease; studies on both kidney cells and isolated  
glomeruli have confirmed that high glucose concentrations 
lead to extracellular matrix deposition. The purpose of this 
study was to examine the relationship between fluctuations in 
glycemic control (HbA1c) over time and changes in GFR and 
estimated stage of CKD.

Materials and Methods

An observational cross-sectional study was conducted in 
2011 at GG Hospital, Jamnagar District, Gujarat, India com-
prising 70 patients with type 2 diabetes mellitus (DM) under 
antidiabetic and antihypertensive treatment, of which 37 were 
men and 33 were women in the age group of 40–70 years.  
Individuals who had already been treated for diabetes and  
hypertension were included in the study. The research protocol 
was approved by institutional ethical committee and informed 
consent was obtained from each subject before inclusion in 
the study. Personal history and medical history were collected 
in predesigned pro forma.

Fasting blood sample was collected for HbA1c, which was 
measured by liquid chromatography. For glycemic control, 
HbA1c target value of ≤7%was used, as recommended by the 
American Diabetes Association.[10] Blood samples were drawn 
for the measurement of serum concentrations of creatinine. 
Serum creatinine was estimated by modified Jaffe’s kinetic 
reaction with initial rate colorimetry and single reagent density 
by using picric acid.[11–13]

GFR was calculated by Cockcroft–Gault equation: Estimat-
ed creatinine clearance (mL/min) = (140 - age) × weight (kg)/ 
72 × serum creatinine (mg/dL). Values for women were 
estimated after multiplying 0.85 to the above formula.[14]  
Patients were grouped according to the level of serum creati-
nine as the following:

1.	� Group 1 (N = 40): patients with type 2 DM having serum 
creatinine <1.2 mg/dL

2.	� Group 2 (N = 30): patients with type 2 DM having serum 
creatinine ≥1.2 mg/dL

Result

Table 1 shows the comparison of general characteristics 
of group 1 and group 2. The mean age of group 1 was 57.41 
years and group 2 was 60.08 years; the mean BMI of group 1  
and group 2 was 24.68 kg/m2 and 24.69 kg/m2, respectively; 
and the mean duration of type 2 DM of group 1 and group 2 
was 8.62 years and 9.69 years, respectively. All the above para
meters in group 1 and group 2 were not significantly different.

Table 2 shows mean HbA1c in group 1 was 7.97% whereas  
in group 2 it was 9.00%, which was significantly higher  
(P < 0.05). Mean serum creatinine was significantly lower in 
group 1 (1.14 mg/dL) compared with group 2 (1.71 mg/dL) 
and the mean GFR in group 1 was 103.92 mL/min, which was 
significantly higher than 54.57 mL/min in group 2.

Discussion

Our study shows that the mean HbA1c was significantly 
higher in group 2 patients with diabetes with serum creati-
nine ≥1.2 mg/dL and GFR was significantly lower as well as 
suggestive of poor prognosis of DN. A retrospective cohort, 
follow-up study by Cummings et al.[8] in which HbA1c was  
evaluated in patients with diabetes shows mean GFR decl
ined during follow-up in African–American population, which  
shows that stronger prediction change in GFR was proportion  
of HbA1c values >7%. A retrospective analytic study by 
Wijesuriya et al.,[15] conducted by reviewing the clinical  
records of the patients with type 2 diabetes who attended the 
National Diabetes Centre of Sri Lanka from January 2005 to 
December 2010 observed that nephropathy was significantly 
associated with poor glycemic control, high HbA1c, high fasting  
blood glucose, and high systolic blood pressure. Rossing  
et al.[16] in a follow-up study of patients with type 2 DM with 
nehropathy, evaluated renal functions where it was found that 
the rate of decline in mean GFR was 5.2 mL/min/year with 
mean HbA1c of 8.9% suggesting that elevated mean HbA1c 
was significantly associated with increased decline in GFR 
during follow-up.

This study tunes with all the abovementioned studies sug-
gesting that in persistent hyperglycemia that is associated by 
HbA1c, poor glycemic control is the independent factor that 
affects renal function outcome in patients with type 2 DM.

This study has a number of limitations. Assumptions inher-
ent in extrapolating HbA1c data from a single time point; the 
lack of measurement of HbA1c at similar time points among 
all participants; the lack of available data on other important 
risk factors such as microalbuminuria/proteinuria, diet, and 
medication adherence; and the observational nature of the 
study in routine primary care practice limit the interpretation of 
these results. Measurement of serum creatinine has a ±10% 
measurement error. Likewise, the Cockcroft–Gault equation 
may be less precise as an estimate of GFR in patients with  
relatively preserved renal function. However, given the  
profound discussions in the literature in recent years about 
the importance of tight glycemic control, we contend that  
additional research is needed to better understand poten-
tial associations between the magnitude, frequency, and the 
overall time course of fluctuations in HbA1c in routine primary 
care and the development of CKD and other microvascular 
complications of diabetes.
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Conclusion

In our study, it was found that the poor glycemic control 
with lower GFR in group 2 patients as compare to group 1. 
Glycemic control (HbA1c) is one of the risk factors leading to 
the progression of DN with earlier decline in GFR. This study 
may allow one to gain deeper insight into the various differ-
ences that may exist between the treatments suggested by 
previous studies and, hence, further guide the management 
of type 2 DN.

Acknowledgment

We would like to thank the department of medicine and the 
department of physiology, MP Shah Medical College, Jamnagar, 
Gujarat, India.

References

1.	 �Parving H, Osterby R, Ritz E. Diabetic nephropathy. In: The  
Kidney, Brenner BM, Levine S (Eds.). Philadelphia, PA: WB 
Saunders, 2000. p. 1731.

2.	 �Mogensen CE. Progression of nephropathy in long-term diabetics 
with proteinuria and effect of initial antihypertensive treatment. 
Scand J Clin Lab Invest 1976;36(4):383–8.

3.	 �Parving H-H, Smidt UM, Friisberg B, Bonnevie-Nielsen V,  
Andersen AR. A prospective study of glomerular filtration rate 
and arterial blood pressure in insulin-dependent diabetics with 
diabetic nephropathy. Diabetologia 1981;20(4):457–61.

4.	 �Viberti GC, Bilous RW, Mackintosh D, Keen H. Monitoring  
glomerular function in diabetic nephropathy. A prospective study. 
Am J Med 1983;74(2):256–64.

5.	 �Rossing P. Promotion, prediction, and prevention of progression 
of nephropathy in type 2 diabetes mellitus. Diabet Med 1998; 
15(11):900–19.

6.	 �Adler AI, Stevens RJ, Manley SE, Bilous RW, Cull CA, Holman RR; 
UKPDS Group. Development and progression of nephropathy in 
type 2 diabetes: the United Kingdom Prospective Diabetes Study 
64. Kidney Int 2003;63(1):225–32.

7.	 �National Kidney Foundation. K/DOQI clinical practice guide-
lines for chronic kidney disease: evaluation, classification  
and stratification. Am J Kidney Dis. 2002;39(2 Suppl 1): 
S1–S266.

8.	 �Cummings DM, Larsen LC, Doherty L, Lea CS, Holbert D. 
 Glycemic control patterns and kidney disease progression 
among primary care patients with diabetes mellitus. J Am Board 
Fam Med 2011;24(4):391–8.

9.	 �Shulman NB, Ford CE, Hall WD, Blaufox MD, Simon D,  
Langford HG, et al. Prognostic value of serum creatinine and  
effect of treatment of hypertension on renal function. Results 
from the hypertension detection and follow-up program. The 
Hypertension Detection and Follow-up Program Cooperative 
Group. Hypertension 1989; 13(Suppl): I80–I93.

10.	 �American Diabetes Association. Standards of medical care in  
diabetes—2010. Diabetes Care 2010;33(Suppl 1):S11–S61.

11.	 �Cook JG; Association of Clinical Biochemists’ Scientific and 
Technica Committee. Factors influencing the assay of creatinine. 
Ann Clin Biochem 1975;12(6):219–32.

12.	 �Perrone RD, Madias NE, Levey AS. Serum creatinine as an  
index of renal function: new insight into old concept. Clin Chem 
1992;38(10):1933–53.

Table 1: General characteristics of patients in two groups (values in mean ± SD)
Group 1 Group 2

No of patients 40 30
Age (years) 57.41 ± 12.5 60.08 ± 11.37
BMI (kg/m2) 24.68 ± 2.57 24.69 ± 2.00
Duration of type 2 DM 8.62 ± 2.90 9.69 ± 3.11

BMI, body mass index; DM, diabetes mellitus; SD, standard deviation.

Table 2: Comparison of HbA1c, serum creatinine, and GFR in group 1 and group 2 (values in mean ± SD)
HbA1c Serum creatinine GFR

(%) (mg/dL) (mL/min)
Group 1

7.97 ± 1.00 1.14 ± 0.50 103.92 ± 50.53
(N = 40)

Group 2
9.00 ± 0.98 1.71 ± 0.46 54.57 ± 35.26

(N = 30)

<0.05 <0.05 <0.05

GFR, glomerular filtration rate; HbA1c, glycosylated hemoglobin; SD, standard deviation.



Dodhia et al.: Glycemic control affects progression of DN

International Journal of Medical Science and Public Health | 2016 | Vol 5 | Issue 071308

13.	 �Spencer K. Analytical reviews in clinical biochemistry: the 
estimation of creatinine. Ann Clin Biochem 1986;23(Pt 1): 
1–25.

14.	 �Cockcroft DW, Gault MH. Prediction of creatinine clearance from 
serum creatinine. Nephron 1976;16(1):31–41.

15.	 �Wijesuriya MA, De-Abrew WK, Weerathunga A, Perera A,  
Vasantharajah L. Association of chronic complications of type 2 
diabetes with the biochemical and physical estimations in sub-
jects attending single visit screening for complications. J Diabetol 
2012;1:3.

16.	 �Rossing K, Christensen PK, Hovind P, Tarnow L, Rossing P, 
Parving H-H. Progression of nephropathy in type 2 diabetic  
patients. Kidney Int 2004;66:1596–1605.

How to cite this article: Dodhia SS, Barasara JD, Joshi VS. 
Glycemic control affects progression of kidney disease in patients 
with type 2 diabetes mellitus. Int J Med Sci Public Health 
2016;5:1305-1308
Source of Support: Nil, Conflict of Interest: None declared.




