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Abstract: Objective: To study the effect of smoking on development and progression of nephropathy in type II 

diabetic and non diabetic  patients and to compare the effect of smoking on  progression of nephropathy in 

above two groups.  

Material and methods -  It was a cross sectional study done over a period of 2 years on total 120 subjects which 

were divided in 4 groups of 30 subjects each, Diabetic smokers, diabetic non smokers, non diabetic smokers and 

non diabetic non smokers. The main parameters assayed were: blood urea, serum creatinine, urine albumin 

creatinine ratio (ACR ) , glomerular filtration rate (GFR) , fasting plasma glucose (FPG)  and serum lipid 

profile. The parameters assayed in the different groups were compared .Logistic regression analysis was done 

to study the effect of smoking on renal function.  

Results:  Mean difference of blood urea, serum creatinine, urinary ACR excretion between  diabetic smokers 

and diabetic non smokers and also between non diabetic smokers and non diabetic non smokers was found to be 

statistically significant. As the number of pack years increased , mean ACR level also increased in both diabetic 

and non diabetic  smokers.  Mean difference of total cholesterol, triglycerides, HDL, LDL, and VLDL excretion 

between diabetic smokers and diabetic non smokers and also between non diabetic smokers and non diabetic 

non smokers was found to be statistically significant. On stepwise logistic regression analysis, overall 

derangement in renal function due to smoking in diabetics and in non diabetics came out to be 50.2%.  and 49% 

respectively .  

Conclusion: Smoking increases risk of proteinuria and renalfunction deterioration in both diabetics as well as 

non diabetics. So, smoking is an independent risk factor in development and progression of diabetic as well as 

non diabetic nephropathy. 
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I. Introduction 
 Chronic kidney disease is a major growing worldwide health problem because of its detrimental 

clinical outcome including end stage renal disease and cardiovascular morbidity and mortality. Patients with 

TypeII diabetes mellitus are especially at increased risk of developing chronic kidney disease leading to end 

stage renal failure. About 20-40% patients with type 2 diabetes mellitus develop diabetic nephropathy.
(1)

 

Smoking has emerged as an important modifiable and independent risk factor for kidney dysfunction in diabetic 

as well as in non diabetic patients. The main approach towards prevention and management of nephropathy in 

both diabetics and non diabetics has always been focussed on treatment of hyperglycemia, hypertension, obesity 

and other factors.  Consequently, role of smoking cessation in prevention and management of nephropathy has 

always been neglected. The consequences of smoking for patients with nephropathy in both diabetes and non 
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diabetes could be detrimental. Therefore the study of impact of smoking on the development and rate of 

progression of nephropathy in diabetics and non diabetics is of utmost importance.
(2) 

Diabetic nephropathy is considered to be one of the major complications of diabetes mellitus and its prevalence 

is continuously increasing worldwide.
(1)

 Progression of this disease is further accelerated by various factors, 

such as hypertension, chewing tobacco, alcoholism and smoking .Smoking has been shown to promote the 

progression of all stages of diabetic nephropathy. It increases the risk for the development of microalbuminuria 

and macroalbuminuria resulting in end stage renal failure.
(2)

 

The pathophysiological mechanisms underlying the effects of smoking on diabetic and non diabetic 

nephropathy are quite complex. Smoking leads to glomerular hypertrophy, glomerulosclerosis, tubulointerstitial 

fibrosis and messangial cell expansion, followed by albuminuria and progressive reduction in the glomerular 

filtration rate
(3,4)

. Smoking may induce proteinuria and derange renal function through formation of advanced 

glycation end products. Advanced glycation end products (AGE’S) are cross linked moieties formed from the 

reaction of reducing sugars and  the amino groups of plasma proteins, lipids and nucleic acids. AGE’S are 

responsible for enhanced vascular permeability, thereby leading to increased vasculopathy  leading  to  end stage  

renal disease
(5)

.Smoking leads to increased oxidative stress which plays key role in development of nephropathy. 

Nicotine (an active constituent of cigarette and bidi) increases lipid peroxidation in liver and decreases 

superoxide dismutase activity in liver leading to oxidative stress. The oxidative stress upregulates the expression 

of transforming growth factor-β (TGF-β), a prosclerotic and profibrogenic cytokine leading to nephropathy.
(6,7) 

Hyperlipidemia is considered another major risk factor implicated in the progression of diabetic nephropathy. 

Nicotine causes an impairment of lipoprotein lipase (LPL), an enzyme involved in the hydrolysis and clearance 

of triglyceride (TG) from the circulation, and thus causes hypertriglyceridemia.
(8)

 Nicotine also stimulates 

sympathetic adrenal system leading to increased secretion of catecholamines. Catecholamines increase the 

activity of hormone sensitive lipase resulting in increased lipolysis and increased free fatty acids, thus causing 

hyperlipidemia
(9)

.Furthermore, smoking accelerates atherosclerosis of renal arteries and arterioles leading to 

increased glomerular pressure resulting in impairment of renal function. Mediators released by nicotine lead to 

vasoconstriction causing further decrease in GFR. Nicotine also increases blood pressure and heart rate 

promoting progression of both diabetic and non diabetic nephropathy.
(10)

 

Therefore, after taking all the factors into consideration, it could be undoubtedly suggested 

that smoking could induce and worsen diabetic as well as non diabetic nephropathy. So screening for 

development of nephropathy should be started early in smokers. As smoking is a modifiable risk factor in 

development of nephropathy, so smoking cessation can be one of the single most effective measures to retard 

progression of renal failure. Therefore, this study was done to find out the effect of smoking on development of 

nephropathy in diabetic and non diabetic patients.   

 

Aims and Objectives 
 

 To study the effect of smoking on development and progression of nephropathy in type II diabetic patients. 

 To study the effect of smoking on development and progression of nephropathy in non diabetic patients. 

 To compare the effect of smoking on progression of nephropathy in above two groups.  

 

II. Material and Methods 
Type of Study: Cross Sectional Study 

Source  of Data : The main source of data for the study  were type II diabetic patients, non diabetic patients, 

smokers and non smokers presenting to  outpatient or  inpatient, Department of Medicine, Rajindra Hospital, 

Patiala. 

 

Inclusion criterion: 
1. Type II diabetes mellitus patients of age 30-65 years. 

2. Smokers who smoked atleast 1 cigarette/ bidi per day for a minimum of  two years of age 30-65 years. 

3. Age Matched non diabetics. 

4. Age Matched non smokers. 

 

Exclusion criterion 

1. Patients with history of preexisting primary renal disease. 

2. Age less than 30 and more than 65 years. 

3. Type 1 diabetes mellitus patients. 

4. Known hypertensives (SBP>140 And DBP>90) 
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Method: Detailed history with a structured questionnaire which included age, history of diabetes, hypertension, 

kidney disease, other comorbidities, duration of diabetes  and detailed smoking history was taken. Detailed 

physical examination including Blood Pressure, BMI and relevant investigations were also undertaken. 120 

subjects were divided into 4 groups of 30 subjects each. 

Group A-Type 2 diabetic smokers. 

Group B- Type 2 diabetic non smokers. 

Group C-Non diabetic smokers 

Group D-Non diabetic non smokers 

All groups were subjected to detailed investigations. Urine albumin creatinine ratio, blood urea, serum 

creatinine, GFR were the main parameters for assessing nephropathy. Smokers were divided in 3 groups 

according to number of pack years:  < 10 pack years, 10-20 pack years and > 20 pack years. Group A was 

compared with group B, group C was compared with group D,  also  group A was compared with group C. 

Patients with FPG >126 mg/dl after 8 hours of fasting  were  considered as diabetics . 

Statistical Analysis: The parameters assayed in the different groups were compared. Data were analyzed using 

computer software, Statistical Package for Social Sciences (SPSS).  To elucidate the associations and 

comparisons between different parameters, ANOVA test was used. For all statistical evaluations, p value of  < 

0.05 was considered significant and p value ≤0.001 was considered highly significant. Stepwise logistic 

regression analysis was done to study the effect of smoking on renal function.  

 

III. Results 
 Majority of patients were in age group of 41- 50 years. Overall mean age of subjects under study was  

48.2± 7.18 years. Overall male to female ratio in our study came out to be 3:1. Mean pack years in diabetic 

smokers  group and in non diabetic smokers group were 10.57± 4.85 and 10.17±4.89 respectively . In group A 

(diabetic smoker group),  mean duration of type 2 DM  was 4.33 ± 0.96 years. Similarly, in group B  ( diabetic 

non smoker group),  mean duration of Type 2 DM   was 4.27 ± 0.87 years .Mean fasting plasma glucose ( FPG) 

in group A came out to be 166.93±13.65 mg/dl while in group B came out to be 161.87±11.61, the difference of 

mean pack years in smokers, mean duration of type 2 diabetes and mean FPG in diabetic smokers and non 

diabetic smokers  were comparable to each other,   the difference between them being statistically  non 

significant.  

 

Table 1:  Comparison of  mean values of  Blood Urea, Serum creatinine , Urinary ACR and GFR  in four 

groups . 

Parameter Group A (n=30) Group B (n=30) Group C (n=30) Group D(n=30) 

Blood urea ( mg/dl) 40.30±4.18 31.47 ± 3.58 31.27±4.54 24.33±4.52 

Serum creatinine (mg/dl) 1.30±0.19 1.18±0.16 1.15±0.10 0.97±0.15 

Urine ACR ( µg/mg) 129.13±73.38 31.23±8.96 92.80±47.88 20.07±2.94 

GFR ( ml/min. /1.73 m2) 77.79±9.30 80.75±11.49 86.33±11.66 90.18±9.14 

  

As shown in table above, mean blood urea concentration, serum creatinine and urine ACR values  were 

higher in group A as compared to group B and also in group C as compared to group D . On statistical analysis, 

mean difference of blood urea  between group A and B , between  group C and D and also between  group A 

and C came out to be statistically highly significant ( p value < 0.001). Mean difference of serum creatinine 

levels between group A and B , between  group C and D and also between group A and C was statistically  

significant ( p value <0.05) .Mean difference of urinary ACR  between group A and B , between  group C and D 

came out to be statistically highly significant ( p value <0.001) and between group  A and C came out to be 

significant. (p value  0.027). Mean GFR  was lower  in group A as compared to group B and also in group C as 

compared to group D but  mean difference of  GFR  in group A vs B came out to be statistically non significant. 

(p value 0.277).  Similarly , mean difference of  GFR  in group C vs D also  came out to be statistically non 

significant (p value 0. 159)  but  mean difference of  GFR  in group A  vs C  came out to be statistically 

significant.  (p value 0.003)  

 

Table 2:  Comparison Of Urinary ACR in Diabetic and non diabetic smokers  According To Pack Years . 
Pack Year  MEAN ACR Group A  (diabetic smokers)  MEAN ACR Group C (non diabetic smokers) 

<10 Pack Year 85.57±42.19 60.13± 27.29 

10-20 Pack Year 147.43±54.89 118.71±33.38 

>20 Pack Year 306.00± 2.83 220.00 

Total 129.13±73.38 92.80±47.88 
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This table shows that as severity of smoking ( number of pack years) increased, mean ACR levels also 

increased in diabetic smokers and non diabetic smokers, the difference being statistically highly significant. (p 

value 0.001)  

Group A – DIABETIC SMOKERS 

 
 

GROUP C- NON DIABETIC SMOKERS 

 
 

Table 3:  Comparison of SBP, DBP, lipid profile and BMI   in four groups. 

Variable Group A Group B Group C Group D 

SBP 132.13 ± 3.99 129.73 ± 2.61 129.53 ± 4.32 126.00 ± 3.40 

DBP 86.00±1.39 84.13±2.03 83.60±2.37 81.33±1.52 

TG 150.07±2.63 126.10±3.53 128.53±6.77 93.40±6.05 

LDL 175.33±7.33 130.40±3.92 135.10±4.79 100.13±3.26 

CHOLESTROL 243.37±9.03 199.43±8.45 200.07±10.66 165.07±6.70 

HDL 31.13±1.66 32.33±1.70 32.37±2.66 34.47±3.83 

VLDL 26.87±2.75 25.33±2.32 24.93±3.69 22.40±3.40 

BMI 25.45±1.31 25.16±1.21 24.07±0.99 24.37±1.31 

 

The mean difference of serum trigycerides, cholesterol , LDL, HDL and VLDL  between group A and 

B, between group C and D and also between group A and C was found to be statistically significant. ( p value < 

0.05). On statistical analysis, mean difference of BMI  between group A and B came out to be  non significant ( 

p value  0.378).   Similarly, mean difference of BMI  between group C and D  also came out to be  non 

significant ( p value 0.319)  but , difference of BMI  between group A and C  came out to be   significant ( p 

value ( 0.001). Step wise logistic regression analysis:    Step wise logistic regression analysis was done to see 

the individual contribution by various variables on the parameters of renal function which were significantly 

deranged in smokers as compared to non smokers as seen previously on ANOVA. i.e. blood urea, serum 

creatinine and urine ACR .In group A vs B  ( diabetic smokers vs diabetic non smokers )Blood  urea-   The 
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variables that significantly affected  blood urea  were smoking,  SBP, DBP, Serum triglycerides  and serum 

LDL.  Derangement in blood urea  in group A  as compared to group B due to smoking came out to34.6% . 

Serum creatinine -The variables that significantly affected serum creatinine were smoking and SBP.  

Derangement in serum creatinine in group A as compared to group B due to smoking came out to be 77.4%.  

Urine ACR - The variables that significantly affected urine ACR were smoking, SBP, DBP, Serum  

triglycerides and serum LDL . Overall derangement in urine  ACR due to smoking came out to38.7% . Overall 

derangement in renal function in diabetics due to smoking came out to be 50.2% .In group C vs D ( non 

diabetic smokers vs non diabetic non smokers ) Blood  urea-   The variables that significantly affected  blood 

urea  were smoking, serum  triglycerides ,  serum LDL and serum cholesterol .  Overall derangement in blood 

urea due to smoking came out to be 42.1.% . Serum creatinine - The variables that significantly affected serum 

creatinine were smoking and SBP. Derangement in serum creatinine due to smoking came out to be 80.8 %. 

Urine ACR - The variables that significantly affected  urinary ACR   were smoking, SBP,   Serum triglycerides, 

serum HDL, serum LDL and serum cholesterol  . Overall derangement  in urine  ACR due to smoking came out 

to23.8 % .  Overall derangement in renal function in  non diabetics due to smoking came out to be 49 %.   

 

IV.   Discussion 

  Mean age of subjects of our study was 48.2 ± 7.18 years. The mean age of our  study  was comparable 

to study by Yakoub R  et al 
[11] 

where mean age was 45.36 ± 15.95 years  and to  study by Alagavenkatesan et 

al
[12]

 where mean age was 47.27 years. In our study, majority of the patients were males (75 %). Females 

comprised ( 25 %)  . Overall male: female ratio in the study was 3: 1 Similarly, in studies by Gupta RK et al
[13] 

and Tojawa M et al
[14]

, majority of subjects were males, male to female ratio being  2.24:1 and 1.7:1 

respectively.  

 

TABLE 4: Comparison Of Blood Urea . 
Blood urea ( mg/dl) Diabetic smokers Diabetic non smokers Non Diabetic smokers Non Diabetic non 

smokers 

Present study  40.30±4.18 31.46 ± 3.58 31.27±4.54 24.33±4.52 

Jose MJ et al[2] 39.45± 12.1 29.72± 5.01 30.7±.4.13 25.8± 6.14 

Mustafa I et al [15] _ _ 28.35 ± 4.27  27.52 ± 4.56 

Ahmed M et al [16] _          _           30.63 ± 3.69 

 

25.13 ±5.45  

Gupta RK et al[13]          _          _ 32.16 ±  5.08  33.83  ±   4.53 

  

Jose MJ et al
[2] 

also found statistically significant higher blood urea concentration in diabetic smokers 

and non diabetic smokers as compared to diabetic non smokers and non diabetic non smokers respectively. 

Similarly, Mustafa I et al 
[15]

, Ahmed M et al 
[16]

and Gupta RK et al
[13] 

also found statistically significant higher 

blood urea concentration  in smokers as compared to non smokers.  
 

TABLE 5 : Comparison Of Serum Creatinine 
Serum  creatinine 

(mg/dl) 

Diabetic smokers Diabetic non smokers Non Diabetic 

smokers 

Non Diabetic non 

smokers 

Present study  1.30 ± 0.19 1.18±0.16 1.15±0.10 0.97±0.15 

Jose MJ et al[2] 1.20 ±  0.5 1.02 ±  0.41 0.96  ± 0.2 0.9   ± 0.14 

Mustafa I et al [15]          _          _ 1.0 ± 0.13 0.91 ± 0.13 

Ahmed M et al [16]          _          _ 1.12 ± 0.12 0.81  ±   0.09 

Gupta RK et al[13]          _          _ 0.86 ±  0.13 0.83 ± 0.11 

  

In present study , mean serum creatinine  in diabetic smokers and diabetic non smokers  was 1.30 ± 

0.19   mg/dl and  1.18± 0.16 mg/dl respectively which were  comparable to results obtained  in study carried out 

by Jose MJ et al
[2]

In present study ,  mean serum creatinine  in non  diabetic smokers and non  diabetic non 

smokers  was 1.15 ± 0.10 mg/dl and  0.97 ± 0.15  mg/dl respectively  The results were  comparable to mean  

serum creatinine  in studies by Jose MJ et al
[2]

, Mustafa I et al 
[15]

 and  Ahmed M et al 
[16] 

In these studies also, 

higher serum creatinine concentration was found in smokers as compared to non smokers.  

 

TABLE 6 : Comparison Of Urinary Albumin Creatinine Ratio  ( ACR ) 
urinary ACR 

(µg/mg  ) 

Diabetic smokers Diabetic non 

smokers 

Non Diabetic smokers Non Diabetic non 

smokers 

Present study  129.13±73.38 31.23±8.96 92.80±47.88 20.07±2.94 

Gupta RK et al[13]          _          _ 93.98 ± 78.68  18.99 ± 6.65  

Mustafa I et al [15]          _          _ 93.98  18.99 µg/mg 

Aggarwal J et al [17] 125  26.38           _          _ 

Azhari  M et al [18]          _          _ 42.22  ± 33.9 19.58 ± 3.9 



Role of Smoking as a Modifiable Risk Factor in Diabetic Nephropathy and Nondiabetic Nephropathy     

DOI: 10.9790/0853-1803131723                                www.iosrjournals.org                                              22 | Page 

 In present study , mean urinary ACR  in diabetic smokers and non diabetic smokers was 129.13±73.38  

µg/mg  and  31.23 ± 8.96 µg/mg  respectively w hich was comparable to results obtained in study by  Aggarwal 

J et al 
[17] 

Similarly  in present study,  in non diabetic smokers and non diabetic non smokers  mean urinary ACR  

was   92.80±47.88 μg/mg and 20.07±2.94  μg/mg respectively . The findings were comparable to studies by 

Gupta RK et al
[13]

 and Mustafa I et al 
[15]

. Azhari M et al
[18]

 also found statistically significant high urinary ACR 

in non diabetic smokers as compared to non smokers. In present study smokers were sub divided into 3 groups : 

< 10 pack years , 10 – 20 pack years and > 20 pack years. Mean  urinary ACR values in 3 subgroups were60.13  

± 27.29 µg/mg  , 118.71 ± 33.38 µg/mg , and 220 µg/mg   respectively. Thus, as severity of smoking increased, 

mean ACR values also increased. The results obtained were similar to study by Gupta RK et al
[13]

 , 

Alagavenkatesan et al. 
[12]  and 

Mustafa I et al 
[15]

.  In these  studies  also, mean  urinary ACR values increased as 

severity of smoking increased.  Study by Azhari M et al 
[18] 

also found a positive corelation between number  of 

cigarettes smoked and urinary ACR in non diabetic smokers. In present study,  mean SBP and DBP was found 

to be higher in  diabetic smokers than non smokers. Results obtained were similar to studies by Jose MJ et 

al
[2]

and  De cosmo S et al
[19]

.Similarly. mean SBP and DBP was found to be higher in  non diabetic smokers 

than non smokers. Jose MJ et al
2]

, Jeganathan  J et al 
[20] 

 and Halperin RO et al
[21]]

 found higher SBP and DBP 

in non diabetic smokers as compared to non diabetic non smokers. The mean values of serum triglycerides , 

total cholesterol , LDL, VLDL , were significantly higher in smokers as compared to non smokers in both 

diabetics and non diabetics. Mean value of HDL was found to be significantly higher in non smokers as 

compared to smokers in both diabetics and non diabetics.  Results obtained were similar to studies by Jose MJ et 

al
[2] , 

Neki NS et al
[9]

, Joshi N et al
[22] 

and Kavita et al
[23] 

who also found higher mean values of serum 

triglycerides , total cholesterol , LDL, VLDL  in smokers and lower HDL values in smokers as compared to non 

smokers. In this study, on step wise logistic regression analysis, smoking was found to be independent risk  

factor in progression of diabetic nephropathy and non diabetic nephropathy leading to  50.2 % and  49 % 

derangement in renal function in diabetic smokers and non diabetic smokers respectively. Similarly, studies by  

Jose MJ et al
[2]

 , Sawicki PT et al
[24]

 ,  Mehler  PS et al
[25]

 , Anan F  et al 
[26]

 also found smoking to be a 

independent  risk factor in development and progression of diabetic nephropathy. Similarly, study by Yacoub R 

et al 
[11]

 et al also showed that smoking significantly increased the risk of CKD overall and particularly for 

diabetic nephropathy and hypertensive nephropathy ( OR being 2.24 and 2.85 respectively ). 

V.   Conclusion 

  From this study, it can be concluded that smoking increases risk of proteinuria and renal function 

deterioration in both diabetics as well as non diabetics. So, smoking is an independent  risk factor in 

development and progression of diabetic as well as non diabetic nephropathy.  So, patients whether diabetic or 

non diabetic and especially people with preexisting renal disease  should be advised to stop smoking  and also 

screening for nephropathy should be started early in smokers. So, it is rationale to conclude that smoking 

cessation is one of the single most effective measures to decrease risk of development or progression of 

nephropathy.    
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