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Abstract 
 

Diabetic nephropathy is the consequence of diabetes mellitus (DM) and it is characterized 
by continuous albuminuria. The aim of the study was to investigate and correlate the lipid 
profile abnormalities in different stages of albuminuria to understand the checkpoint before 
progression to end stage renal disease (ESRD). A total of 154 type 2 diabetic patients were 
included in the study. Urine samples of all patients were subject to biochemical analysis and 
divided into diabetes with normoalbuminuria (n=52), diabetes with microalbuminuria 
(n=51), and diabetes with overt proteinuria (n=51) groups, depending upon urinary albu-
min creatinine ratio (ACR) of <30mg, 30-300 mg, and >300 mg/24 hours respectively. Statis-
tical analysis was done by using One Way ANOVA and Pearson’s correlation coefficient. 
All lipid profile parameters, such as total cholesterol (TC), triglycerides (Tg), low density li-
poprotein (LDL), very low density lipoprotein (VLDL ) mean values except high density li-
poprotein cholesterol (HDL-C) were increased in all the three groups i.e. diabetes with 
normoalbuminuria, diabetes with microalbuminuria, diabetes with overt proteinuria, were 
significantly increased at P<0.005 and found to be in positive correlation with ACR. Dyslip-
idemia concurrently with microalbuminuria should be considered as alarming signal for 
both cardiovascular disease (CVD) and ESRD. Therefore, detection of dyslipidemia with a 
corresponding microalbuminuria in the beginning of DM and accordingly therapeutic in-
tervention could control the resulting cardiovascular or renal complications.  
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Introduction 
 
Diabetic nephropathy is the consequence of diabetes mel-
litus (DM) and it is characterized by continuous albumin-
uria, elevated blood pressure, decreased glomerular filtra-
tion rate (GFR) and high risk of CVD. The epidemiologi-
cal studies have revealed that genetic susceptibility is an 
important factor in the development of diabetic nephropa-
thy in patients with both type 1 and type 2 diabetes. Other 
contributing risk factors are glomerular hyperfiltration, 
smoking, dyslipidemia, levels of proteinuria, and source 
of protein and fat in the diet [1, 2]. 
 

The incidence of DM is increasing rapidly and studies 
have suggested that an abnormal lipid profile in diabetes 
may lead to worsening the condition and direct the dis-
ease to renal impairment [3]. Glomerular and tubulo-
interstitial injury caused by elevated lipoproteins and lip-
ids in DM contribute to the progression of diabetic neph-
ropathy. However, treatment of dyslipidemia can reduce 
albumin excretion [4]. Abnormal lipid profile also results 
in cardiovascular morbidity and mortality associated with 

diabetic nephropathy. Early hemodynamic changes of 
glomerular hyperperfusion and hyperfiltration are fol-
lowed by leakage of albumin from the glomerular capil-
laries and structural changes such as glomerular basement 
membrane thickening, glomerular hypertrophy, glomeru-
losclerosis, mesangial cell expansion, and podocyte injury 
[5]. Clinical manifestations of diabetic nephropathy in-
clude a decrease in the GFR and an increase in levels of 
urinary albumin excretion (UAE) [6].  
 
The aim of the study is to investigate and correlate the 
DM-associated lipid profile abnormalities in different 
stages of albuminuria and to evaluate the checkpoint in 
controlling before the progression to ESRD. 
 
Materials and Methods 
 
Patients 
The study was carried out at College of Applied Medical 
Sciences, and the subjects were recruited from King Ab-
dul Aziz University Hospital, Riyadh. A total of 154 sub-
jects were included in the study; 111 males and 44 fe-
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males. An informed consent was taken from all patients 
and institutional ethical committee approved the study. 
Age of the subjects ranged between 35-80 years, and the 
patients were diagnosed with type 2 DM not less than 3 
years. Patients having proteinuria due to other reasons 
like, pregnancy, hypertension, urinary tract infection, 
heart failure and some other chronic disorder were ex-
cluded from the study.  
 
Sample Collection 
After overnight fasting, 8 ml of venous blood samples 
were collected in clean glass tubes and 1 ml of sample 
was taken in an EDTA coated tube for the estimation of 
HbA1c. For further biochemical investigations serum was 
separated by centrifugation at 3000 rpm for 10 minutes 
and kept at -20° C until analysis. For urine analysis 24-
hour urine sample was collected in a labeled clean plastic 
container.  
 

Chemical and techniques 
Albumin estimation was done by turbidimetric method, 
and according to the American Diabetes Association 
(ADA) based on 24-hour urinary albumin excretion levels 
[7]. Patients were categorized into three groups; diabetes 
with normoalbuminuria when albumin is excreted less 
than 30 mg/24 hrs., diabetes with microalbuminuria (30-
300 mg/24 hrs.), diabetes with macroalbuminuria (>300 
mg/24 hrs.). Urinary creatinine was estimated by Jaffe’s 
method and taken as a cofounder for the estimation of 
ACR [8]. Creatinine clearance (CrCl) was estimated by 
Cockcroft-Gault formula [9]. Serum analysis for fasting 
blood glucose (FBG), post prandial blood glucose 
(PPBG), urea, creatinine and lipid profile parameters were  
analyzed by the fully automatic analyzer, ROCHE mod-
ule Cobas 6000 (C-501 and C-601), and kits were pro-

cured by ROCHE. LDL-C and VLDL-C were estimated 
by Friedewald's equation [10]. HbA1c was estimated by 
direct enzymatic method. Reference ranges of various  
parameters according to the kits manufacturer are as fol-
lows; FBG (120 mg/dl), PPBG(200 mg/dl), HbA1c 
(5.5%), urea (7-20 mg/dl), creatinine (0.5-1.2 mg/dl), TC 
(200 mg/dl), Tg (150 mg/dl), HDL-C (≥ 40-50 mg/dl), 
LDL-C (120 mg/dl), VLDL-C (5-40 mg/dl), TC/HDL-C 
ratio (4), ACR(males 2-20 mg/mmol & females 2.8-28 
mg/mmol). 
 
Statistical Analysis  
Data were represented as mean ± SD values shown in the 
tables. Statistical analysis was done by using one-way 
ANOVA to find out the difference between the groups at 
0.05 level of significance, and to trace out the position of 
difference between each pair of means a post hoc test, 
"Tukeys Honest Test" was applied at 0.05 level of signifi-
cance. Pearson's correlation coefficient was compassed 
between ACR and lipid profile parameters in all three 
groups to know the correlation, and the correlation coeffi-
cient (r) values were represented, at 0.05 level of signifi-
cance.  
 
Results 
 
In the present study, a total of 154 type 2 diabetic subjects 
were included, out of them 111 were males and 43 were 
females. Mean age of the subjects was 55 years. Table 1 
depicts the number of males and females diabetics with 
normoalbuminuria, diabetes with microalbuminuria and 
diabetes with overt proteinuria groups, with mean ± SD 
values of age and various biochemical parameters. The 
results upon comparing by one way ANOVA in the above 

 
Table 1. Baseline characteristics of all subjects 

 

Mean ± SD values of each group. Value not sharing same superscript differs significantly at P < 0.05, NS is not significant. 

 Diabetes with normo 
albuminuria (n=52) 

Diabetes with micro 
albuminuria (n=51) 

Diabetes with overt 
proteinuria (n=51) 

 

P value 

Male 32 38 41  
Female 20 13 10  
Age 50.3 ± 10.2a 61.6 ± 10.8b 66 ± 11.9c <0.005 
FBG 179.5 ± 29.8ab 191.2 ± 56.5a 163.3 ± 23.7b <0.005 
PPBG 302.2 ± 46.1ab 320.3 ± 89.6a 279.9 ± 49.5b <0.05 
HbA1c 9.5 ± 2.1 a 9.8 ± 1.5 a 9.93 ± 1.26 NS 
Serum urea 15.8 ± 2.3b 35.4 ± 15.7 a 36.6 ± 16.5 a <0.005 
Serum creatinine 1.06 ± 1.04a 2.09 ± 0.50b 4.05 ± 1.17c <0.005 
UAE 15.7 ± 4.3b 117.3 ± 45.6 a 377.3 ± 46.9 c <0.005 
ACR 1.2 ± 0.4 b 17 ± 5.7 a 105.5 ± 63.6c <0.005 
CrCl 100.8 ± 13.1b 47.3 ± 13.2 a 48.9 ± 11.0 a <0.005 
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Table 2. Lipid profiles of subjects with and without proteinuria 
 

 Diabetes with 
normoalbuminuria 

Diabetes with 
microalbuminuria 

Diabetes with overt 
proteinuria 

P value 

TC 216.2 ± 69.6a 174.2 ± 38.6b 260.3 ± 24.7c <0.005 
Tg 214.3 ± 54.12b 148.8 ± 60.4a 183.4 ± 29.3 a <0.005 
HDL-C 48.2 ± 7.7b 32.2 ± 5.3 a 32.0 ± 4.2 a <0.005 
LDL-C 131.2 ± 49.9a 124.1 ± 52.2b 169.3 ± 30.2c <0.005 
VLDL-C 42.5 ± 10.7 a 33.5 ± 19.9 b 36.2 ± 6 a b <0.005 
TC/HDL Ratio 4.1 ± 1.6b 5 ± 1.4 a 7.8 ± 1.3 a <0.005 

Mean ± SD values of each group. Values not sharing same superscript differ significantly at P < 0.05. 

 
Table 3.  Correlation coefficient between ACR and lipid parameters 

 
 Diabetes with 

normoalbuminuria 
Diabetes with 

microalbuminuria 
Diabetes with overt 

proteinuria 
TC 0.18* 0.20* 0.24* 
Tg 0.16* 0.18* 0.19* 
HDL-C -0.19 -0.13 -0.24** 
LDL-C 0.16** 0.12 0.26* 
VLDL-C -0.18* 0.15* 0.18* 
TC/HDL Ratio 0.17* -0.09 0.19* 

( - ) indicates negative correlation, * P<0.05, **P<0.01 
 
mentioned groups were significantly different at the 0.005 
level of significance, and values not sharing same super-
scripts differ significantly at P< 0.05.  
 

Lipid profile parameters were described and compared in 
Table 2. Mean ± SD values of TC, Tg, LDL, VLDL and 
TC/HDL ratio were significantly increased in all the three 
groups. Upon conducting the Post hoc test, it was ob-
served that mean values of Tg, HDL, VLDL and TC/HDL 
ratio in diabetics with microalbuminuria group differ sig-
nificantly from the diabetics with normoalbuminuria but 
not from the diabetics with overt proteinuria group. TC 
was significantly different between all three groups. 
 

The correlation coefficient between ACR and lipid profile 
parameters is shown in Table 3. When analyzed in the 
aforementioned groups, ACR was positively correlated 
with TC, Tg, LDL,VLDL and found statistically signifi-
cant, while HDL in all the groups and VLDL in diabetics 
with microalbuminuria were found to be negatively corre-
lated at  P<0.05. 
 

Discussion 
 

It has been predicted that worldwide the prevalence of 
diabetes (DM) in adults would increase to 5.4% by the 
year 2025, since the prevalence rate of 4.0% in 1995. It is 
expected that much of this increase in prevalence rate will 
occur in developing countries. In developing countries, 
most of the diabetic patients are in the age range of 45–64 
years; while in developed countries most of them are ≥65 
years [11]. Therefore, increasing diabetic prevalence will 
inevitably result in increasing proportions of death from 

CVD, diabetic nephropathy as well as other complications 
of DM [12].   
 
In the present study according to furtherance of age, stag-
es of diabetes can also be observed headway. FBG and 
PPBG were increased in DM with microalbuminuria 
group than DM with normoalbuminuria and DM with 
overt proteinuria, and both variables were significantly 
differ at P<0.05 with DM with overt proteinuria group. 

 
Elevated levels of HbA1c were seen in DM with overt 
proteinuria with no statistically significant difference be-
tween all the groups (Table 1). This may be resulted from 
the long course of disease. HbA1c is referred to be an 
important marker for the assessment of glycemic control 
over a prolonged period of time, which moves in parallel 
with DM-induced complications [13]. 

 
In renal insufficiency, creatinine clearance and GFR de-
crease and inversely related to serum urea and creatinine. 
Although serum creatinine has great prognostic value 
compared to urea for anticipating inimical outcomes. Var-
ious studies showed that the serum urea level increased 
proportionally to the increase in serum creatinine [14, 15]. 
Similarly in our study, serum urea and creatinine were 
found to be increased with the advancement of diabetes 
towards glomerular injury. Regardless with the increased 
level of serum urea and creatinine in DM with normoal-
buminuric patients both the parameters differ at P<0.05 
from different stages of renal insufficiency (Table 1). 
These results found to be similar to the findings of Pupet 
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et.al. [16]. Therefore, continued hyperglycemia can lead 
to irretrievable damage to kidneys.  
 
Rosario [17] reported that dyslipidemia is frequently no-
ticed in patients with type 2 DM. The altered lipid profile 
rises from insulin resistance and defective insulin action, 
on lipoprotein metabolism. Thus, there is increased lipo-
lysis with consecutively increased VLDL-C synthesis, Tg 
rich LDL synthesis, increased Tg's and quick breakdown 
of HDL-C [18]. 
 
Several studies have suggested the link between hyper-
cholesterolemia in type 2 diabetic patients and the promo-
tion of disease towards renal impairment [19, 20]. As this 
variable in DM is positively linked to cardiovascular 
events, proteinuria in DM may also forecast for the same. 
Ravid et.al. [21] found that serum cholesterol levels in 
type 2 DM significantly related to the level of albuminu-
ria. Similarly, Gall et.al. [22] also showed fellowship be-
tween hypercholesterolemia and urinary albumin excre-
tion (UAE).  
 
In the present study increased TC and LDL-C differ sig-
nificantly between the three groups (Table 2) and posi-
tively associated with ACR when correlated for all ranges 
of albuminuria at P<0.05 and P<0.01 (Table 3). Elevated 
levels of LDL-C showed the requirement of lipid lower-
ing therapy in our patients to limit the progression of dis-
ease towards CVD and ESRD. A review implies that the 
incidence of CVD can be controlled by the treatment of 
lipid lowering therapy in diabetic nephropathy. Lipid lo-
wering therapies may prevent micro-vascular complica-
tions through pleiotropic effects like endothelial dysfunc-
tion, inflammatory pathways and vascular endothelial 
growth factors (VEGF) [23, 24]. 
 
With the raised levels of TC, LDL-C, the levels of Tg, 
VLDL and TC/HDL-C ratio were also increased while 
HDL-C level was decreased among all the groups (Table 
2). Tg, VLDL and TC/HDL-C ratio and HDL-C did not 
differ significantly between microalbuminuria and overt 
proteinuria; but DM with normoalbuminuria group. Our 
results agree with the findings of Rosario [17] but differ 
from Shoji et.al. [25] who had reported that normal TC, 
Tg, and LDL-C in diabetic patients with microalbuminu-
ria did not alter from normal and microalbuminuria.         
 
Tg, VLDL and TC/HDL-C ratio mean values were ob-
served positively related to ACR, with respect to their 
correlation coefficient at P<0.05. Kim et.al. [26] reported 
that Tg as a key factor in the advancement of diabetic 
nephropathy. In a prospective study an increased 
TC/HDL ratio in type 2 diabetic patients was found inde-
pendently associated with microalbuminuria [27].  
 
No significant difference was observed between HDL-C 
mean values of diabetic microalbuminuria and overt pro-

teinuria; but the values in the groups were found with a 
significant difference when compared with diabetic with 
normoalbuminuria group (Table 2). HDL-C was found 
negatively correlated with ACR (Table 3). It functions in 
cellular cholesterol efflux and has anti-inflammatory and 
anti oxidative properties.  The reduced HDL-C levels and 
increased risk of cardiovascular complication are well 
established [28-30].  
 
From the present study it is evident that glucose levels, 
lipid profile and early proteinuria should be controlled so 
that further complications could be restricted. Impor-
tantly, a correlated lipid profile and albuminuria should be 
considered as alarming signal, so that by using therapeutic 
strategies, factors which are responsible for worsening the 
condition and dragging the disease towards CVD and 
ESRD could be properly managed. 
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