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Original Research

Introduction

Diabetic Kidney Disease (DKD) is the leading cause of 
end-stage kidney disease (ESKD). It begins as microalbu-
minuria, which is characterized by moderately increased 
urine albumin-to-creatinine ratio (UACR) of 30 to 300 mg/g; 
then progresses to macroalbuminuria, or severely increased 
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Abstract
Introduction/objectives: Diabetic Kidney Disease (DKD) is the leading cause of end-stage kidney disease. Despite 
optimal glycemic control and blood pressure management, progression to DKD cannot be halted in some patients. We 
aimed to find the association of modifiable and non-modifiable risk factors and comorbid conditions in patients with DKD. 
Methods: Retrospective medical record review of adult patients with diabetes mellitus (DM) was performed who visited 
our internal medicine office between January 1, 2020 and December 31, 2020. Results: Among 728 patients with DM, 
471 (64.7%) patients had DKD, and 257 (35.3%) patients were without DKD. Among the group of patients with DKD, 
the majority were in CKD stage G1A2 (34.6%), followed equally by G2A2 and G3aA1 (16.8% each). Mean age of the 
patients with DKD was significantly greater than the patients without DKD (69.4 years vs 62.2 years; P < .001). For each 
unit increase in age, there was a 7.8% increase in the odds of DKD (95% CI 5.3-10.4; P < .001). Women had 2.32 times 
greater odds of DKD (95% CI, 1.41-3.81; P = .001). We found decreased odds of DKD for those who consumed alcohol 
moderately (OR 0.612, 95% CI 0.377-0.994; P < .05). Significantly higher frequencies of associations of several comorbid 
medical conditions were seen in patients with DKD compared to the patients without DKD, such as hypertension (91.9% 
vs 75.6%), hyperlipidemia (86.6% vs 78.2%), coronary artery disease (39.3% vs 16.8%), cerebrovascular accidents (13.4% 
vs 7.4%), congestive heart failure (12.9% vs 4.1%), carotid artery stenosis (11.3% vs 2.6%), aortic aneurysm (5.4% vs 2.0%), 
peripheral artery disease (10.8% vs 3.5%), gout (12.4% vs 5.5%), and osteoarthritis (41.4% vs 31.2%). Conclusions: 
In patients with diabetes, increasing age, female sex, and lack of moderate alcohol consumption were associated with 
increased odds of DKD. Higher frequencies of association of hypertension, hyperlipidemia, coronary artery disease, 
cerebrovascular accidents, congestive heart failure, carotid artery stenosis, aortic aneurysm, peripheral artery disease, 
gout, and osteoarthritis were also seen in patients with DKD.
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UACR of greater than 300 mg/g; and to renal insufficiency 
in the form of elevated serum creatinine level and lowering 
of estimated glomerular filtration rate (eGFR) leading in to 
chronic kidney disease (CKD) stages 3a, 3b, 4, and finally 
5, or end stage kidney disease (ESKD). About 25% to 40% 
of patients with diabetes mellitus (DM) develop DKD.1,2 In 
the developed world, DKD accounts for about 50% of cases 
of ESKD.3 The rates of DKD continue to rise in the high-
risk groups, such as middle-aged African Americans, Native 
Americans, and Hispanics.3 Despite optimal glycemic con-
trol and optimal blood pressure management with guideline 
directed medical therapy, the progression to CKD and 
ESKD cannot be halted in some patients.4

DKD has a complex and multifactorial pathophysiology 
which includes metabolic factors, such as intracellular sig-
naling pathways, oxidative stress, hypoxia, dysregulated 
autophagy, epigenetic changes, and hemodynamic factors, 
which result in kidney inflammation and fibrosis.4,5

Several non-modifiable risk factors contribute to DKD, 
such as genetics, gender, age, age at onset, and duration of 
diabetes.6 Strong and independent association of baseline 
body-mass-index (BMI) and young age have been reported 
as factors associated with faster progression to DKD.7 
Similarly, baseline glycosylated hemoglobin (HbA1c), sys-
tolic blood pressure, proteinuria and serum uric acid in con-
junction with vascular comorbidities are also found to be 
strongly and independently associated with faster DKD 
progression.2 These observations have opened avenues to 
investigate and modify additional risk factors that may 
influence the progression to DKD. Factors that have been 
reported, include family history of DKD, personal history 
of cigarette smoking history, suboptimal blood pressure 
control, and elevated plasma lipid levels.2 These group of 
risk factors have been identified as the ones that offer the 
greatest risk of DKD development and progression.2 
Similarly, several other modifiable risk factors have been 
suggested that have a strong effect on the risk of DKD, such 
as chronic low-grade inflammation, advanced glycation end 
products, and lack of physical activity.6

A comprehensive approach for prevention and manage-
ment of DKD depends on modification and mitigation of the 
risk factors, such as combined targeted therapies for hyper-
glycemia, hypertension, albuminuria, hyperlipidemia, and 
judicious use of renoprotective agents.8-11 Much emphasis is 
given to microalbuminuria and UACR, but the UACR cate-
gorization lacks the necessary specificity and sensitivity, and 
estimates of declining GFR are compromised by method-
ological limitations for eGFRs in the normal-to-high range.2

There is a general lack of consensus among the available 
studies in terms of a comprehensive list of both non-modi-
fiable and modifiable risk factors that are associated with 
DKD. Identification and efficient management of the modi-
fiable risk factors may improve the prognosis of diabetic 
patients at risk of DKD.

We aimed to find the association of modifiable and 
non-modifiable risk factors and comorbid conditions in 
patients with DM with and without DKD. We hypothe-
sized that certain risk factors, such as age, race, gender, 
tobacco use, recreational use of drugs, elevated BMI, use 
of non-steroidal anti-inflammatory drugs (NSAIDs) and 
other nephrotoxic drugs, lack of use of renoprotective 
agents; and certain comorbid medical conditions, such  
as hypertension, atherosclerotic cardiovascular disease, 
hyperlipidemia, obesity, gout, autoimmune disorders, 
mental health disorders, and suboptimal glycemic control, 
would be associated with DKD.

Materials and Methods

Study Selection

This study was a retrospective chart review study of the 
existing electronic medical records of our patients who vis-
ited our internal medicine office for the management of 
diabetes mellitus and other comorbid medical diagnoses 
between January 1, 2020 and December 31, 2020. The 
inclusion criteria were adult patients of age 18 years or 
older, with diabetes mellitus type I or type II. The study 
was reviewed and approved by the Institutional Review 
Board of the Cooper University Health Care (CUHC), 
Camden, New Jersey, USA. This study was fully compliant 
with the ethical standards set forth by the CUHC 
Institutional Review Board.

Data Collection

We collected the following data for each patient from the 
existing electronic medical records: duration of diabetes, 
age, gender, race, cigarette smoking, moderate alcohol 
intake (defined as up to 1 drink a day for women and up to 
2 drinks a day for men), heavy alcohol intake (defined as 
more than 14 drinks per week for men or >4 drinks per 
occasion; more than 7 drinks per week for women or >3 
drinks per occasion; and more than 7 drinks per week for 
all adults 65 years and above), recreational drug use,  
history of gestational diabetes mellitus, family history of 
diabetes mellitus; comorbid medical conditions, such as 
hypertension, hyperlipidemia, hypothyroidism, coronary 
artery disease, cerebral vascular accident, carotid artery 
stenosis, peripheral arterial disease, aortic aneurysm, con-
gestive heart failure, obesity, overweight, chronic obstruc-
tive pulmonary disease, chronic kidney disease, obstructive 
sleep apnea, depression, osteoarthritis, gout, autoimmune 
disease, and maintenance hemodialysis status. We also 
collected the data on blood pressure, BMI, lipid profile, 
HbA1c, UACR; and use of medications, such as statin, 
aspirin, angiotensin converting enzyme inhibitor (ACE-I), 
angiotensin II receptor blocker (ARB), metformin,  
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insulin, sulfonylurea, dipeptidyl peptidase-4 (DPP4) 
inhibitors, sodium-glucose co-transporter-2 (SGLT2) 
inhibitors, glucagon-like peptide-1 (GLP1) agonist, and 
thiazolidinedione.

Statistical Analysis

Collected data was entered into a Microsoft Excel (2016, 
Redmond, Washington, USA) spreadsheet. Statistical anal-
ysis was done by using SPSS (Statistical Package for the 
Social Sciences, version 15.01, IBM, Armonk, New York, 
USA). There were no scientific studies that had conducted 
similar comprehensive association as per the aims of our 
study, hence we did not have a baseline sample size for 
comparison. We calculated an approximate sample size of 
under 1000 subjects based on the observation that in our 
internal medicine office, approximately 20 000 or greater 
number of patients receive care annually. Among them, 
approximately 10% have DM, and of those, approximately 
50% patients follow up in the office on a regular basis.

The patients were divided into 2 groups: first group com-
prised of patients with DKD, defined as patients with DM 
and evidence of microalbuminuria (UACR 30-299 mg/g) or 
macroalbuminuria (UACR ≥300 mg/g) and any eGFR 
(CKD stages G1A2, G1A3, G2A2, G2A3, G3aA1, G3aA2, 
G3aA3, G3bA1, G3bA2, G3bA3, G4A1, G4A2, G4A3, 
G5A1, G5A2, and G5A3). The second group was repre-
sented by patients without DKD, defined as patients with 
DM and normal UACR <30 mg/g as well as normal eGFR. 
We compared the data between the 2 groups and studied 
their association with DKD in order to find any significant 
difference. Group characteristics (demographic, clinical) of 
the study population were compared using independent 
t-test, or Wilcoxon rank sum test for continuous data, and 
Fisher’s exact test, or Chi-square test for categorical data. 
Logistic regression analysis was carried out to evaluate 
potential risk factors that were predictive of DKD. 
Significant predictors from the univariate analysis were the 
independent variables in the multiple variable logistic 
regression. This model also provided the odds ratios and 
95% confidence interval (CI) for the full model and pair-
wise comparisons. Receiver operating characteristic (ROC) 
curves were calculated, where appropriate, with area under 
the ROC curve and cut points for continuous predictors. In 
this study, significance was defined as a P < .05.

Results

A total of 728 patients were included in this study. Four 
hundred and seventy one (64.7%) patients had DKD, and 
257 (35.3%) patients were without DKD. Among the group 
of patients with DKD, the majority were in CKD stage 
G1A2 (34.6%), followed by G2A2 and G3aA1, equally 
(16.8% each) (Table 1) (Figure 1). Although we could not 

deduce the exact onset of DM in the majority of our patients 
in both the groups due to transition into electronic medical 
records and lack of documentation, nevertheless follow-up 
documentation revealed that all the patients had DM for at 
least 9 years, or greater, in both the groups.

The mean age of the patients with DKD was significantly 
higher than the patients without DKD (69.4 vs 62.2 years; 
P < .001) (Table 2). There were more females in the DKD 
group, and more males in the group without CKD, however 
the difference was not statistically significant. The majority 
of the patients in the DKD group were Whites (69.4%), fol-
lowed by Blacks (15.1%), Hispanics (4.8%), Asians (3.8%), 
and other races (7.0%). Although the majority of the patients 
in the group without DKD were Whites (53.9%) as well, fol-
lowed by Blacks (17.3%), Hispanics (10.1%), Asians 
(11.8%), and other races (6.8%), there were significantly 
higher proportion of Whites, and lower proportions of 
Blacks, Hispanics and Asians in the DKD group compared 
to the group without DKD (P < .001) (Table 2).

Table 1.  Distribution of Patients with Diabetic Kidney Disease.

CKD stage (n = 471) A1 A2 A3

G1, n (%) 187 (39.7) 0 (0.0) 163 (34.6) 24 (5.1)
G2, n (%) 98 (20.8) 0 (0.0) 79 (16.8) 19 (4.0)
G3a, n (%) 117 (24.9) 79 (16.8) 34 (7.2) 4 (0.9)
G3b, n (%) 47 (10.0) 8 (1.7) 32 (6.8) 7 (1.5)
G4, n (%) 19 (4.0) 1 (0.2) 8 (1.7) 10 (2.1)
G5, n (%) 3 (0.6) 0 (0.0) 0 (0.0) 3 (0.6)

Abbreviations: A1, UACR < 30 mg/g; A2, UACR 30 to 299 mg/g; A3, 
UACR ≥ 300 mg/g; CKD, chronic kidney disease; G1, eGFR > 90 mL/
min/1.73m2; G2, eGFR 60 to 90 mL/min/1.73m2; G3a, eGFR 45 to 59 mL/
min/1.73m2; G3b, eGFR 30 to 44 mL/min/1.73m2; G4, eGFR 15 to 29 mL/
min/1.73m2; G5, eGFR <15 mL/min/1.73m2.

Figure 1.  Renal involvement in patients with diabetic kidney 
disease.
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Table 2.  Baseline Characteristics.

Variable Variable
Patients with 

DKD (n = 471)
Patients without 
DKD (n = 257) P

Age Years, mean (SD) 69.4 (11.8) 62.2 (14.4) <.001
Sex Male, n (%) 225 (47.8) 140 (54.5) .111

Female, n (%) 246 (52.2) 117 (45.5)
Race White, n (%) 327 (69.4) 140 (53.9) <.001

Black, n (%) 71 (15.1) 44 (17.3)
Hispanic, n (%) 22 (4.8) 26 (10.1)
Asian, n (%) 18 (3.8) 30 (11.8)
Other, n (%) 33 (7.0) 17 (6.8)

Social Tobacco use, n (%) 152 (32.3) 70 (27.3) .197
Moderate alcohol use, n (%) 129 (27.4) 111 (43.2) <.001
Heavy alcohol use, n (%) 2 (0.4) 1 (0.4) .000
Recreational drug use, n (%) 10 (2.2) 5 (2.0) .000

Vitals Systolic BP (mmHg), mean (SD) 131 (17.2) 129 (15.1) .164
Diastolic BP (mmHg), mean (SD) 74 (9.9) 77 (8.7) <.001

Weight BMI (kg/m2), mean (SD) 29.9 (8.1) 31.3 (9.4) .063
Lab Values HbA1c (%), mean (SD) 7.1 (1.2) 7.2 (1.4) .388

Total cholesterol (mg/dL), mean (SD) 149.8 (38.8) 160.7 (48.0) .005
LDL (mg/dL), mean (SD) 75.9 (31.9) 86.3 (32.2) <.001
HDL (mg/dL), mean (SD) 48.6 (15.7) 48.1 (12.9) .737
TG (mg/dL), mean (SD) 132.3 (64.9) 137.3 (92.8) .502
eGFR (ml/min/1.73m2), mean (SD) 57.6 (11.6) 97.2 (14.1) <.001
UACR <30 mg/g, n (%) 88 (18.7) 257 (100) <.001
UACR = 30-299 mg/g, n (%) 316 (67.2) 0 (0)  
UACR ≥300 mg/g, n (%) 67 (14.1) 0 (0)  

Comorbidities Hypertension, n (%) 433 (91.9) 194 (75.6) <.001
Hyperlipidemia, n (%) 408 (86.6) 201 (78.2) .003
CAD, n (%) 185 (39.2) 43 (16.8) <.001
CVA, n (%) 63 (13.4) 19 (7.4) .012
CHF, n (%) 61 (12.9) 11 (4.1) <.001
Carotid stenosis, n (%) 53 (11.3) 7 (2.6) <.001
Aortic aneurysm, n (%) 25 (5.4) 5 (2.0) .019
PAD, n (%) 51 (10.8) 9 (3.5) <.001
Hypothyroidism, n (%) 89 (18.8) 44 (17.3) .650
Obesity, n (%) 203 (43.0) 137 (53.5) .013
Overweight, n (%) 241 (51.1) 127 (49.3) .670
OSA, n (%) 76 (16.1) 56 (21.6) .110
Gout, n (%) 58 (12.4) 14 (5.5) .002
Depression, n (%) 81 (17.2) 59 (22.9) .104
COPD, n (%) 43 (9.1) 19 (7.7) .549
Osteoarthritis, n (%) 195 (41.4) 80 (31.2) .011
Autoimmune disease, n (%) 35 (7.5) 17 (6.8) .747
Family history of DM, n (%) 190 (40.3) 126 (48.9) .043

Medications Diet and exercise only, n (%) 128 (21.7) 49 (19.1) .041
Insulin only, n (%) 55 (11.6) 5 (1.8) <.001
OHA only, n (%) 261 (55.4) 174 (67.8) <.001
OHA + Insulin, n (%) 53 (11.3) 29 (11.3) .557
Aspirin, n (%) 263 (55.9) 105 (40.8) <.001
Statin, n (%) 396 (84.4) 188 (73.2) .002
ACE-I or ARB, n (%) 294 (62.4) 151 (58.9) .400
Metformin, n (%) 230 (48.9) 182 (71.0) <.001
Insulin, n (%) 91 (19.4) 35 (13.8) .071

(continued)
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Analysis of social factors revealed that there was signifi-
cantly less use of moderate alcohol consumption in the DKD 
group compared to the group without DKD (27.4% vs 43.2%; 
P < .001). About a third of the patients in the DKD group and 
a quarter of the patients in the group without DKD used 
tobacco products (32.3% vs 27.3%), and only a very small 
proportion of patients used alcohol heavily, or used recre-
ational drugs in both the groups. The differences in the tobacco 
use, heavy alcohol use and recreational drug use were not sta-
tistically significant between the 2 groups (Table 2).

We found that although the mean systolic blood pressure 
of the patients in the DKD group was higher than the group 
without DKD (131 vs 129 mmHg), the difference was not 
statistically significant. On the other hand, the mean dia-
stolic blood pressure of the patients in the DKD group was 
significantly lower than the group without DKD (74 vs 
77 mmHg; P < .001). The mean BMI of the patients in the 
DKD group was also lower than the patients without DKD 
(29.9 vs 31.3 kg/m2), however the difference was not statis-
tically significant (Table 2).

Analysis of the relevant laboratory studies showed that 
the mean HbA1c of the patients with DKD was slightly 
lower than the group without DKD (7.1% vs 7.2%), but the 
difference was not statistically significant. The mean total 
cholesterol level and the mean LDL cholesterol level were 
significantly lower in the patients with DKD compared to 
the group without DKD (149.8 vs 160.7 mg/dL, and 75.9 vs 
86.3 mg/dL, respectively) (Table 2). There were no signifi-
cant differences in the mean HDL cholesterol and mean tri-
glyceride levels between the 2 groups (Table 2). Patients in 
the DKD group had significantly lower mean eGFR com-
pared to the group without DKD (57.6 vs 97.2 mL/min/1; 
P < .001). The majority of the patients with DKD had their 
UACR in the microalbuminuria range (67.2%) (Table 2).

We found significantly higher frequencies of association 
of several comorbid medical conditions in patients with 
DKD compared to the group of patients without DKD, such 
as hypertension (91.9% vs 75.6%), hyperlipidemia (86.6% 
vs 78.2%), coronary artery disease (39.2% vs 16.8%), 

cerebrovascular accidents (13.4% vs 7.4%), congestive 
heart failure (12.9% vs 4.1%), carotid artery stenosis (11.3% 
vs 2.6%), aortic aneurysm (5.4% vs 2.0%), peripheral artery 
disease (10.8% vs 3.5%), gout (12.4% vs 5.5%), and osteo-
arthritis (41.4% vs 31.2%). We also found significantly 
lower frequency of association of obesity in patients with 
DKD compared to the group of patients without DKD 
(43.0% vs 53.5%). The frequency of association of family 
history of diabetes mellitus was also significantly lower in 
patients with DKD compared to the group of patients with-
out DKD (40.3% vs 48.9%). There were no significant dif-
ferences in the frequencies of association of some comorbid 
conditions between the 2 groups, such as hypothyroidism, 
overweight, obstructive sleep apnea, depression, chronic 
obstructive pulmonary disease, and autoimmune disease 
(Table 2; Figure 2).

Analysis of medication management for DM and addi-
tional medication use showed that more than half of the 
patients in both the groups were managed by one or more 
oral hypoglycemic agents (OHA) (55.4% in the DKD 
group vs 67.7% in patients without DKD), however there 
were significantly lesser number of patients in the group 
with DKD compared to the group without DKD who were 
managed only with one or more than one OHA (P < .001). 
Also, there were significantly more patients with DKD 
who were managed only with diet and exercise compared 
to the group of patients without DKD (24.7% vs 18.1%, 
P < .001) (Table 2). Patients who were treated with insulin 
only represented only a small fraction in both the groups, 
nevertheless significantly more patients with DKD were 
treated with insulin only compared to the group without 
DKD (8.6% vs 2.8%, P < .001). About one-tenth of the 
patients in both the groups received combined insulin and 
OHA treatment, and the difference was not statistically 
significant (Table 2).

Among the various classes of medications, the majority 
of the patients were treated with metformin in both the 
groups, however there were significantly lower proportion 
of patients in the DKD group who received metformin 

Variable Variable
Patients with 

DKD (n = 471)
Patients without 
DKD (n = 257) P

Sulfonylurea, n (%) 124 (26.3) 67 (26.2) .969
DPP4-I, n (%) 71 (15.1) 24 (9.2) .027
SGLT2-I, n (%) 28 (5.9) 25 (9.6) .123
GLP1-RA, n (%) 31 (6.5) 26 (10.3) .117

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; BP, blood pressure; 
CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVA, 
cerebrovascular accident; DM, diabetes mellitus; DPP4-I, dipeptidyl peptidase-4 inhibitor; eGFR, estimated glomerular filtration rate; GLP1-RA, 
glucagon-like peptide-1 receptor agonist; HbA1c, glycosylated hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OHA, oral 
hypoglycemic agent; OSA, obstructive sleep apnea; PAD, peripheral arterial disease; SD, standard deviation; SGLT2-I, sodium-glucose co-transporter-2 
inhibitor; TG, triglycerides; UACR, urine albumin-to-creatinine ratio.

Table 2. (continued)
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compared to the group without DKD (48.9% vs 71.0%, 
P < .001). Sulfonylureas were the next commonly used 
medication in both the groups (26.3% in DKD group vs 
26.2% in the group without DKD) followed by insulin’s 
(19.4% in DKD group vs 13.8% in the group without 
DKD), however there were no statistically significant dif-
ferences between the 2 groups. A significantly greater pro-
portion of patents with DKD were treated with DPP4-I 
compared to the group without DKD (15.1% vs 9.2%, 
P < .05). A lower proportion of patients with DKD 
received SGLT2-I compared to the group without DKD 
(5.9% vs 9.6%), however the difference was not statisti-
cally significant. Similarly, a lower proportion of patients 
with DKD received GLP1-RA compared to the group 
without DKD (6.5% vs 10.3%), and the difference was not 
statistically significant, as well (Table 2). Among other 
medications, significantly greater proportions of patients 
with DKD received statins and aspirin compared to the 
group without DKD (84.4% vs 73.2%, P < .05; and 55.9% 
vs 40.8%, P < .001; respectively). Use of ACE-I and ARB 
was comparable between the 2 groups (Table 2).

Logistic regression analysis showed significant findings 
only for age, sex, and alcohol use (Table 3). We found that 
for each unit increase in age, there was a 7.8% increase in 
the odds of DKD (95% confidence interval (CI) 5.3-10.4; 
P < .001). Women had 2.32 times of greater odds of DKD 

(95% CI, 1.41-3.81; P = .001). Also, there were decreased 
odds of DKD for those who consumed alcohol moderately 
(OR 0.612, 95% CI 0.377-0.994; P < .05) (Table 2).

Discussion

We found increasing age, female sex and lack of moderate 
alcohol consumption as the major risk factors for DKD, and 
we found several significant risk associations. An increase 
in age by a year increased the odds of DKD by 7.8% in our 
patients. Advancing age has an impact in the eGFR and it is 
believed that increasing age reduces eGFR by 3.5 mL/
min/1.73 m2 per year in both diabetic and non-diabetic indi-
viduals. Süleymanlar et  al12 found that for every 10-year 
increase in age among subjects older than 30 years with or 
without DM, the odds of DKD ranged from 1.45 to 2.18. 
Estimates suggest that after the age of 40, kidney filtration 
begins to fall by approximately 1% per year.13 A much 
higher increase in the odds of DKD by 7.8% per year of 
advancing age in our patients clearly reflects that age hap-
pens to be an independent risk factor for DKD. Our findings 
align with the studies that have found that advanced age, or 
increasing age, increases the risk of DKD, both in type-1 
DM and type-2 DM, irrespective of the duration of DM.2,6,14-18 
Studies have also shown that an early decline in eGFR by 
greater than 3.5 mL/min/1.73 m2 per year prior to a decline 

Figure 2.  Frequencies of associated medical diagnoses.
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in eGFR below 60 mL/min/1.73 m2, has been linked to the 
development of ESKD in type-1 DM.2,14 Gall and associ-
ates followed 191 White patients in an outpatient setting for 
a median period of 5.8 years who were aged under 66 years 
and had type-2 DM with normal UACR (<30 mg/24 h). 
They found that increasing age contributed to an increase in 
the relative risk of development of incipient or overt dia-
betic nephropathy by 1.07 (1.02-1.12).15 The Australian 
Diabetes, Obesity, and Lifestyle Study included 11 247 
adults aged 25 years and older and identified age as an inde-
pendent risk factors for albuminuria.16 In the Diabetes 
Control and Complications Trial/Epidemiology of Diabetes 
Interventions and Complications (DCCT-EDIC) Study, de 
Boer and associates examined 1279 participants between 
the ages of 13 and 39 years who had type-1 DM and fol-
lowed them for development of microalbuminuria and 
decline in eGFR. They reported a decline in the eGFR by an 
average of 0.34 ml/min/1.73 m2 each year over 8 years of 
follow-up. They also found that greater rate of decline in 

eGFR was associated with greater age.17 Increasing age 
remains a major risk factor for the development of DKD as 
observed in our study.

In our study, women with DM had 2.32 times greater 
odds of DKD. Although sex has been reported as a risk fac-
tor for DKD, so far it is the male sex that has been implicated 
as the risk factor.2 For instance, in the UKPDS 74, Retnakaran 
and associates found male sex as an independent risk factor 
for DKD. They also reported that males were more likely 
to follow an albuminuric pathway to a decline in eGFR, 
whereas females were more likely to follow a non-albumin-
uric pathway.19 In fact female sex has not been reported as a 
risk factor for DKD in several studies.15,18,20,21 In the DCCT-
EDIC study, female sex was associated with reduced risk for 
progression from moderate albuminuria to severe albumin-
uria and even ESKD.20 Gall et  al15 reported an increased 
relative risk of 2.6 (CI 1.2-54) for incipient diabetic nephrop-
athy (persistent microalbuminuria) and overt diabetic 
nephropathy (persistent macroalbuminuria) for male sex in 

Table 3.  Influence of Risk Factors on Diabetic Kidney Disease.

Risk factor B P Exp(B)

95% C.I. for Exp(B)

UpperLower

Age (years) 0.075 .000 1.078 1.053 1.104
Sex female 0.840 .001 2.316 1.407 3.814
White vs Black −0.275 .397 0.759 0.401 1.436
White vs Hispanic −0.437 .378 0.646 0.245 1.704
White vs Asian −0.505 .300 0.603 0.202 1.568
White vs Other races −0.143 .756 0.867 0.351 2.141
BMI (Kg/M2) 0.014 .321 1.014 0.986 1.043
Tobacco use −0.015 .952 0.985 0.597 1.624
Moderate alcohol use −0.491 .047 0.612 0.377 0.994
Hypertension 0.327 .363 1.387 0.685 2.810
Hyperlipidemia −0.114 .741 0.892 0.455 1.752
CAD 0.361 .188 1.435 0.838 2.458
CVA −0.489 .181 0.613 0.299 1.255
CHF 0.348 .421 1.416 0.607 3.306
PAD 0.476 .318 1.609 0.632 4.094
Carotid artery stenosis 0.820 .065 2.271 0.949 5.432
Aortic aneurysm 0.503 .412 1.653 0.497 5.503
Hypothyroidism −0.018 .950 0.982 0.555 1.736
COPD −0.756 .079 0.469 0.202 1.092
Osteoarthritis −0.092 .695 0.912 0.577 1.443
Gout 0.446 .281 1.563 0.694 3.518
No medication vs Insulin 0.355 .520 1.426 0.484 4.205
No medication vs OHA −0.116 .736 0.891 0.455 1.745
No Med vs Insulin+OHA −0.377 .437 0.686 0.266 1.774
Statin 0.404 .226 1.497 0.779 2.879
Aspirin −0.073 .761 0.930 0.582 1.486
Metformin −0.349 .231 0.706 0.399 1.249
DPP4-I 0.103 .778 1.109 0.541 2.27

Abbreviations: CAD, Coronary artery disease; CHF, Congestive heart failure; COPD, Chronic obstructive pulmonary disease; CVA, Cerebrovascular 
accident; DPP4-I, Dipeptidyl peptidase-4 inhibitor; OHA, Oral hypoglycemic agent; PAD, Peripheral arterial disease.
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type-2 DM. Hovind and associates followed 286 (216 adults) 
newly diagnosed patients with type-1 DM for a median fol-
low-up of 18.0 years. They reported that being male was 
associated with an increase in the relative risk by 2.41 (CI 
1.43-4.06) for the development of persistent microalbumin-
uria.21 The finding of female sex as an independent risk fac-
tor for DKD contrasts the reports of the available literature, 
which is a unique finding of our study.

An increase in the odds of DKD in patients who lacked 
moderate consumption of alcohol was another major find-
ing in our study. Consumption of alcohol affects many parts 
of our body, including the kidneys. Studies have shown that 
consumption of moderate amounts of alcohol, such as 1 or 
2 drinks, daily or every now and then, is associated with 
reduced risk of coronary heart disease and CKD.22-26 
Moderate amount of alcohol consumption is defined as 1 
drink per day which quantifies to the equivalent amounts of 
either one 12–ounce bottle of beer, or 1 glass of wine, or 1 
ounce of hard liquor. However, excessive drinking, such as 
more than 4 drinks a day, can worsen the kidney function.22 
Our findings align with the reports of several studies that 
have shown that moderate alcohol consumption was associ-
ated with a decreased risk of CKD. Fan et al23 reported in 
their review after an in-depth analysis of major studies 
related with the influence of alcohol in development of 
CKD as well as in patients with CKD, and found a protec-
tive effect of light-to-moderate alcohol consumption. Lai 
and associates followed 45 200 adults for a mean duration 
of 8.5 years. After adjusting for the baseline demographics 
and comorbidities, they reported that participants who were 
social and regular drinkers had a significantly decreased 
risk of incidence of CKD (social drinking: adjusted hazard 
ratio (AHR): 0.85; 95% CI, 0.74-0.97; regular-drinking: 
AHR: 0.85; 95% CI, 0.74-0.98).24 Similarly, Lee et  al25 
reported that alcohol consumption was associated with 
lesser decline in kidney function over 12 years among the 
general population. In the Atherosclerosis Risk in 
Communities (ARIC) study, Hu and associates followed 
12 692 participants aged 45 to 64 years for a median follow-
up of 24 years and reported 3664 cases of incident CKD. 
They found that the participants who drank ≤1 drink per 
week, 2 to 7 drinks per week, 8 to 14 drinks per week, and 
≥15 drinks per week had, a 12% (HR: 0.88; 95% CI, 0.79-
0.97), 20% (HR: 0.80; 95% CI, 0.72-0.89), 29% (HR: 0.71; 
95% CI, 0.62-0.83), and 23% (HR: 0.77; 95% CI, 0.65-
0.91) lower risk of CKD, respectively, compared with those 
who never drank alcohol.26 Although the impact of alcohol 
on kidney function is largely unknown, several possible 
protective mechanisms of alcohol on kidney function have 
been proposed. It is well known that the risk factors that 
lead to atherosclerotic cardiovascular disease (ASCVD) are 
also associated with the development of CKD in patients 
with DM or without DM. Alcohol consumption elevates 
high-density lipoprotein cholesterol concentration,27,28 

improves insulin sensitivity,29 reduces serum insulin con-
centrations, enhances insulin sensitivity index,30,31 and 
reduces platelet aggregation rate as well as fibrinolysis.27,28 
Similarly, the anti-oxidative effects of ethanol and poly
phenol are well known. Ethanol improves polyphenol 
absorption, thereby contributing to the bioavailability.32-34 
Additionally, the anti-inflammatory effect of alcohol has 
been demonstrated by the observation of increased serum 
interleukin-10 levels and decreased serum interleukin-16 
levels in individuals who consume alcohol moderately.35 
Although we do not support consumption of alcohol, never-
theless we found that lack of moderate amount of alcohol 
consumption was a major factor associated with the devel-
opment of DKD in our patients.

The association of several comorbid medical conditions, 
such as hypertension, hyperlipidemia, coronary artery dis-
ease, cerebrovascular accidents, congestive heart failure, 
carotid artery stenosis, aortic aneurysm, peripheral artery 
disease, gout, and osteoarthritis were significantly higher in 
our patients with DKD compared to the group of patients 
without DKD, although multivariate logistic regression 
analysis did not show significant increase in the odds of 
DKD. Hypertension is widely known as an important inde-
pendent risk factor for DKD.16,21 Lower blood pressure lev-
els have been shown to be associated with regression from 
moderate albuminuria to normal UACR, especially in 
patients with type-2 DM.36 Optimizing hypertension man-
agement by lowering blood pressure levels reduce risk of 
progression from moderate albuminuria to severe albumin-
uria, and ESKD.20

Hyperlipidemia has been implicated in the pathogenesis 
of DKD, however experimental models show that elevated 
levels of total cholesterol and triglycerides were not suffi-
cient to drive overt changes in renal structure and func-
tion.37 On the contrary, prospective cohort study of type-2 
DM patients for a median period of 5.8 years showed that 
elevated total cholesterol levels were associated with 
increased risk for the development of both moderate and 
severe increase in the UACR.15 Similarly, Samsu38 reported 
in a review that low levels of total cholesterol and triglycer-
ides were associated with regression from moderate albu-
minuria to normal UACR. In our study, we found no 
significant differences in the mean HDL cholesterol and 
mean triglyceride levels between the patients with DKD 
and without DKD. Although, in the DCCT-EDIC study, 
lower LDL cholesterol and triglyceride levels were associ-
ated with reduced risk for progression from moderate albu-
minuria to severe albuminuria or ESKD,20 our patients with 
DKD had significantly lower mean total cholesterol level 
and the mean LDL cholesterol level compared to the group 
without DKD.

Hyperglycemia, hypertension, dyslipidemia, insulin resis-
tance and cigarette smoking are known initiators and promot-
ers of DKD, as well as risk factors for ASCVD, which include 
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coronary artery disease, cerebrovascular accidents, carotid 
artery stenosis, aortic aneurysm, and peripheral artery dis-
ease.2 It is estimated that over half of all patients with conges-
tive heart failure have moderate to severe CKD, as both the 
diseases share similar risk factors, such as age, hypertension, 
diabetes, and coronary artery disease.39

Hyperuricemia and gout have been reported as risk fac-
tors for CKD. Nakayama and associates followed 138 511 
participants younger than 65 years of age without CKD for a 
mean follow-up period of 4.68 years. They reported fully 
adjusted hazard ratio of CKD with serum uric acid level of 
≥11.0 mg/dL of 3.74 (95% CI, 1.68-8.35). They identified 
high serum uric acid level as a risk factor for CKD in mid-
dle-aged men and women.40 Osteoarthritis per se has not 
been implicated as a risk factor for the development of 
CKD, however use of non-steroidal anti-inflammatory drugs 
(NSAIDs) to treat osteoarthritis has been shown to be asso-
ciated with increased incidence of CKD.41 Our findings of 
higher association of hypertension, hyperlipidemia, coro-
nary artery disease, cerebrovascular accidents, congestive 
heart failure, carotid artery stenosis, aortic aneurysm, periph-
eral artery disease, gout, and osteoarthritis in patients with 
DKD align with the findings of the aforementioned studies.

There were a few limitations in our study. Being a retro-
spective chart review study, we had to rely solely on the 
electronic medical record documentations made by the 
patient care teams, hence certain items, such as the exact 
duration of DM, could not been reliably ascertained. The 
major strength of our study was the availability of a large 
sample size from 1 primary care office comprising of a 
small group of primary care physicians in which patients 
were followed by their specific physicians for a long period 
who monitored and documented the course of DM and 
associated comorbidities accurately.

Conclusion

We conclude that in patients with diabetes, increasing age, 
female sex and lack of moderate alcohol consumption were 
associated with increased odds of DKD. Higher frequencies 
of association of hypertension, hyperlipidemia, coronary 
artery disease, cerebrovascular accidents, congestive heart 
failure, carotid artery stenosis, aortic aneurysm, peripheral 
artery disease, gout, and osteoarthritis were also seen in 
patients with DKD.
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