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Abstract 

Background: The presence of insulin resistance (IR) and compensatory hyper-insulinemia is 
strongly associated with chronic kidney disease (CKD) stages and constellates with other abnor-
malities such as obesity, hypertension, and dyslipidemia. CKD is associated with significant mor-
bidity and mortality. A variety of factors, including inflammation, oxidative stress and metabolic 
acidosis are associated with insulin resistance. Aim: To identify the relationship between insulin 
resistance and diabetic kidney disease (DKD). Patients and Methods: The study was performed as 
a cross-sectional study including 84 patients with type 2 diabetes mellitus admitted in Suez Canal 
University Hospitals. Results: In diabetics with normal kidney function 28.6% of had IR, while 78.6% 
of diabetic patients with late DKD had IR according to HOMA- IR with significant relationship be-
tween the progress of DKD and IR (p value ≤ 0.05). Conclusion: The presence of insulin resistance 
is strongly associated with DKD and its progress. 
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Introduction 

Diabetes mellitus is considered as one of 
the highly prevalent diseases. Diabetes is 1 
of 4 priority non-communicable diseases 
targeted by world leaders and all health or-
ganizations(1). Both types of diabetes can 
lead to CKD and eventually end stage renal 
disease (ESRD). But because of the much 
higher prevalence of type 2 diabetes melli-
tus (T2DM) than type 1 diabetes mellitus 
(T1DM), often patients with ESRD have 
T2DM(2). Patients who have insulin re-
sistance (IR) are at enhanced risk of early 
onset of albuminuria and display acceler-
ated progression of albuminuria when 
compared with T1DM subjects of similar 

age and adult T2DM patients with similar 
duration of diabetes(3). The severity of IR 
also strongly relates with the development 
of microalbuminuria in patients with T2DM 
and normal renal function(4). 

Patients and Methods 

The study was performed as a cross- sec-
tional study including 84 patients with 
T2DM admitted in Nephrology unit at Suez 
Canal University Hospitals from 2018 to 
2020. They were divided into 3 groups: con-
trol group (diabetics with normal kidney 
function), the case groups are of diabetics 
with early diabetic kidney disease (DKD) 
(eGFR ≥ 60 ml/min), and diabetics with late  
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DKD (eGFR < 60 ml/min). Both sexes and 
adult patients were included in the study. 
Exclusion criteria include hypertension, 
T1DM and usage of drugs as insulin or insu-
lin sensitizers or vitamin D analogues. 
Chronic kidney disease is defined accord-
ing to the K/DOQI definitions(5). Serum cre-
atinine was determined by routine tech-
niques using an automated analyzer (CO-
BAS 6000 Automated Chemistry Analyzer), 
used in SCU clinical pathology laboratory 
and creatinine clearance was calculated us-
ing the Chronic Kidney Disease Epidemiol-
ogy Collaboration equation(6). Consistent 
with American Diabetes Association guide-
lines, albumin and creatinine was meas-
ured in a random spot urine sample. These 
measurements were used to calculate the 
urinary albumin-to-creatinine ratio. Dia-
betic nephropathy was defined as a urinary 
albumin-to-creatinine ratio ≥30 mg/g(7). Li-
pid profile including serum total choles-
terol, triglyceride, low density lipoprotein 
(LDL) and high-density lipoprotein (HDL). 
Insulin resistance was assessed by the ho-
moeostasis model (HOMA). The HOMA 
test estimated IR from fasting glucose and  

insulin concentrations. The insulin level 
was measured by mean of competitive en-
zyme immunoassay with a double antibody 
procedure using Insulin ELISA Kit BDIN31-
BA (96 Tests), Germany. Patient with IR de-
fined by HOMA-IR >2(8). The collected data 
was coded, and the statistical analysis 
done using the SPSS (statistical package 
for social sciences) version 24. 

Results 

The socio-demographic data of the three 
studied groups showed that diabetics with 
normal kidney function; 32.1% were males 
and 67.9% were females with a mean age of 
53.71 years, while diabetics with early DKD 
39.3% were males and 60.7% were females, 
with a mean age of 49.93 years. Diabetics 
with late DKD were 35.7% males and 64.3% 
were females with a mean age of 56.6 
years. The results showed that 28.6% of di-
abetics with normal kidney function had IR, 
while 78.6% of diabetic patients with late 
DKD had IR according to HOMA- IR with 
significant relationship between the pro-
gress of DKD and IR (p ≤ 0.05) (table 1).  

 
Table 1: Comparison between the three studied groups according to HOMA IR 

HOMA IR 

patients with  
early DKD  

(n = 28) 

patients with  
late DKD 
(n = 28) 

patients with nor-
mal kidney func-

tion (n = 28) 
Test of 

Sig. 
p 

No. % No. % No. % 

Normal (IS <2) 17 60.7 6 21.4 20 71.4 
χ2=15.5* 0.001* 

Abnormal (IR ≥2) 11 39.3 22 78.6 8 28.6 

Range 0.10  – 27.0 0.26 – 24.0 0.07 – 15.0 
H=4.608 0.021 

Mean ± SD. 3.43  ± 4.91 5.18  ± 5.21 2.08  ± 4.71 

 
Table (2) showed that 100% of diabetics 
with normal kidney function with normal 
HOMA-IR had normal lipid profile, while 
100%of those with abnormal HOMA-IR 
were dyslipidemic. In diabetics with early 
DKD 64.7% of patients with normal HOMA-
IR had normal lipid profile, while 81.8%of 
those with abnormal HOMA-IR were 
dyslipidemic. In diabetics with late DKD100 

% of patients with normal HOMA-IR had 
normal lipid profile, while 90%of those with 
abnormal HOMA-IR were dyslipidemic. 
This shows strong statistically significant 
relationship between dyslipidemia and in-
sulin resistance. Lipid profile of the study 
participants as shown in table (3) shows 
that IR and DKD is directly correlated with 
hypertriglyceridemia and low HDL levels. 
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Table (3) shows that 28.6 % of patients in 
control group had high risk levels of HDL, 
while 39.3% of patients in case group (2) 
had high risk levels. Also, 64.3 % of control 

group had normal triglyceride level while 
patients with hyper- triglyceridemia in case 
group (1) and case group (2) represent 
28.6%, 64.3 % respectively (p=0.05).  

 
Table 2: Relation between HOMA IR and dyslipidemia in each group 

Dyslipidemia 

HOMA IR 

2 FEp 
Normal 
(n = 43) 

Abnormal  
(n = 41) 

No. % No. % 

Diabetics with normal kidney func-
tion (n = 28) 

    
  

Normal 20 100.0 0 0.0 
28 <0.001 

Dyslipidemia 0 0.0 8 100.0 

Diabetics with early DKD (n = 28)       
Normal 11 64.7 2 18.2 

4.3 0.04 
Dyslipidemia 6 35.3 9 81.8 

Diabetics with late DKD (n = 28)       
Normal 6 100.0 2 9.1 

14.9 <0.001 Dyslipidemia 0 0.0 20 90.9 

2: Chi square; FE: Fisher Exact; p: for association between HOMA IR and dyslipidemia in each group 

 

Discussion 

The current diabetes pandemic has 
emerged as a global health burden. De-
spite of accumulating evidence supporting 
the prevention of obesity and related met-
abolic disorders, the number of diabetic 
patients is rapidly increasing, particularly in 
middle- and low-income countries(9). Ac-
cording to the estimates of the Interna-
tional Diabetes Federation, diabetes af-
fects 425 million people globally, and the 
number is expected to increase to more 
than 600 million in 2045(10). It is a major 
concern that diabetes is associated with 
the development of micro and macro-vas-
cular complications. DKD is the leading 
cause of end-stage renal disease and is 
therefore a critical issue for healthcare sys-
tems(7). In the current study, according to 
HOMA- IR, 28.6%, 39.3%, 78.6% of diabetic 
patients with normal kidney function, dia-
betic patients with early DKD and diabetic 
patients with late DKD respectively had IR 
with significant relationship between the 

progress of DKD and IR. These results are 
in accordance with these observations, 
and it supports the notion that kidney dis-
ease is associated with insulin resistance, 
hyperinsulinemia and hyperglycemia, and 
that insulin resistance might be an im-
portant factor in the cause and progress of 
CKD. Kornélia Štefíková and her collegues 
in 2012 demonstrated that CKD is accompa-
nied by insulin resistance even in stages 2 
and 3. This study identified a strong and 
significant relationship between IR, renal 
function and proteinuria(11). The current 
study shows that 28.6% of patients in dia-
betics with normal kidney function had 
dyslipidemia, while in diabetics with early 
DKD and in diabetics with late DKD 13.6 %, 
71.4% respectively had dyslipidemia with 
significant relationship between the pro-
gress of DKD and dyslipidemia (p =0.006). 
The study shows strong statistically signifi-
cant relationship between dyslipidemia 
and insulin resistance. These results are in 
agreement with a study conducted in 
10.038 people with normal blood pressure 
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or pre-hypertension demonstrated dys-li-
pidemia as strong predictor of develop-
ment of type 2 DM and IR(12). Zheng and his 
colleagues in 2017 found that dyslipidemia 
induces insulin resistance and impaired β 
cell response to insulin resistance in indi-
viduals with normal glucose tolerance. Fur-
thermore, dyslipidemia diminishes β cell 

function in subjects with impaired glucose 
tolerance. Also, triglyceride and HDL-C 
were correlated with IR(13). Finally, there is 
significant relationship between the pro-
gress of DKD, IR, dyslipidemia, and obesity. 
Our study has some limitations being a sin-
gle-center study with a relatively small 
number of patients. 

 
Table 3: Comparison between the three studied groups according to Lipid profile 

Lipid type 

Case group 1 
)patients with 

early DKD) 
(n = 28) 

Case group 2 
)patients with 

late DKD) 
(n = 28) 

Control group 
)patients with nor-

mal kidney function) 
(n = 28) 

χ2  p 

No. % No. % No. % 

Cholesterol         
Normal (<200 mg/dl) 18 64.3 8 28.6 24 85.7 

4.496 
MCp= 
0.061 

Hypercholesterolemia 
(≥200 mg/dl) 

10 35.7 20 71.4 4 14.3 

Triglycerides         
Normal (<150 mg/dl) 20 71.4 10 35.7 18 64.3 

3.449 0.058 Hypertriglyceridemia 
(≥150 mg/dl) 

8 28.6 10 35.7 18 64.3 

HDL         
Desirable Level (≥60 
mg/dl) 

6 21.4 5 17.9 6 21.4 

0.969 0.914 Mod. Risk (60-40 mg/dl) 14 50.0 13 46.4 11 39.3 

High Risk (<40 mg/dl) 8 28.6 10 35.7 11 39.3 

LDL 
Low Risk (≤129 mg/dl) 
Mod. Risk (130-159 mg/dl) 
High Risk (≥160mg/dl) 

 
25 
2 
1 

 
89.3 
7.1 
3.6 

 
26 
2 
0 

 
92.9 
7.1 
0.0 

 
19 
7 
2 

 
67.9 
25.0 
7.1 

6.875 
MCp= 
0.075 

2: Chi square test; MC: Monte Carlo; p: p value for comparing between the three studied groups 

 

 
Conclusion 

The presence of insulin resistance and the 
compensatory hyper-insulinemia is strong-
ly associated with the presence of DKD and 
its progress and constellates with other ab-
normalities such as obesity and dyslipide-
mia. Correction of insulin resistance in the 
patients of T2DM improves their resistance 
and their glycemic status and prevent the 
occurrence of complications. 
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