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Abstract Background: Diabetes Mellitus (DM) is a common metabolic disorder resulting from insufficient insulin secretion
or insulin action that leads to elevated blood glucose levels. The metabolic disorders associated with DM cause secondary
pathophysiological changes in multiple organ systems leading to acute and chronic complications. Insulin resistance is
frequently higher in patients with diabetes or microalbuminuria in the context of renal disease, which may accelerate the
progression of Diabetic Kidney Disease. Methods: A cross-sectional study conducted at the Galiawa Teaching Center in Erbil,
Iraq. The study included 100 patients who had been diagnosed with type 2 diabetes mellitus. lipid profile, glycated hemoglobin
(HbA1C) and albumin creatinine ratio (ACR) were done for them, then statistically analyzed. Results: 100 participants were
included, the mean age was 5749 years, ranging from 34 to 80 years. About 60% of the participants were females and 40%
were males. The most frequent category was stage A2, observed in 37 patients (37%). Additionally, 86% of participants had
an eGFR within stages 1 to 3a. low-density lipoprotein (LDL) levels showed a statistically significant difference between ACR
groups Al, A2 and A3 (p-value = 0.000), with the highest mean observed in group A3 (13626 mg/dL). Conclusion: There is
a significant correlation between mean LDL and UACR. And insignificant association between mean TC, mean TG and mean

HDL with UACR.
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INTRODUCTION

Diabetes Mellitus (DM) is a common metabolic disorder
resulting from insufficient insulin secretion or insulin action
that leads to elevated blood glucose levels [@]. The metabolic
disorders  associated with DM cause secondary
pathophysiological changes in multiple organ systems that
leading to acute and chronic complications [@]. Diabetic
Kidney Disease (DKD) is one of the major chronic
microvascular complications of diabetes and a leading cause
of End-Stage Renal Disease (ESRD) and it is mostly due to
Type 2 Diabetes Mellitus (T2DM) [@]. Hyperglycemia is the
main driving force behind the development of chronic
complications of diabetes, including DKD [@].

Insulin Resistance (IR) is frequently higher in patients
with DM with microalbuminuria in the context of renal
disease, which may accelerate the progression of Diabetic
Nephropathy (DN) [5,6].

Lipid profile abnormalities play a main factor in the
development of DKD other than cardiovascular disease

(CVD) [@]. The lipoproteins in plasma are categorized
into major groups by their size that is High-Density
Lipoprotein (HDL), IDL, Low-Density Lipoprotein
(LDL), VLDL, chylomicrons, chylomicron remnants and
lipoprotein-a) [@]. Any abnormalities from reference
ranges of lipid profile components are called
dyslipidemia. The high risk of blood lipid and lipoprotein
levels may occur because of many different reasons such
as hereditary, obesity, age and lifestyle [Q]. Periodic and
early lipid profile measurements in diabetic patients are
critical in avoiding the risks of CVD []. As a result
of dyslipidemia, atherosclerosis which is a major risk
factor for CVD is developing [,]. Severe
atherosclerosis along with CVD is considered as a major
factor leading to death in patients who suffer from
Chronic Kidney Disease (CKD) [14]. Also, CKD is a
major risk factor for CVD []. The higher mortality rates
in severe CKD are highly associated with dyslipidemia

among many other factors [].
56



Hameed er al.: Association of Lipid Profile with Diabetic Kidney Disease in type 2 Diabetes Mellitus

Jeoms

Aim

The study aims to examine the association between the lipid
profile and DKD in T2DM patients and to evaluate the
relationship between specific lipid parameters (such as TC,
LDL, HDL and TG) and the severity of DKD in T2DM
patients.

METHODS

Study Designs

A cross-sectional study was included 100 patients who had
been diagnosed with T2DM attending Galiawa Teaching
Center for diabetes and endocrinology. Data had been
collected over six months, from June 2024 to January 2025.
The sample size was calculated using Epi-Info software,
with an expected frequency of 50%, a 95% confidence
interval and a 5% acceptable margin of error. The study was
approved by Ethical Committee of Faiha Specialized
Diabetes, Endocrine and Metabolism Center (FDEMC) and
conformed to the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

Inclusion Criteria
All patients with type 2 DM.

Exclusion Criteria

We excluded Type 1 diabetes patients, patients with history
of malignancy, chronic hepatitis and heart failure. Also, we
excluded patients with acute diabetic complications,
Diabetic patients on hemodialysis, pregnancy with T2DM,
as well as other causes of CKD and urinary tract infections.

Data Collection

All patients were already diagnosed according to the
American Diabetes Association (ADA) diagnostic criteria
for diabetes and the type of diabetes was further identified
by full history and clinical examination. The age, gender
and details of diabetes treatment were retrieved from the
patient’s records and use of anti lipid medications (e.g.,
statins). Also history of hypertension, previous history of
kidney problems and family history of diabetes or kidney
problems and any symptoms related to kidney problems
(e.g., swelling and changes in urination) were asked.
Habitual factors were asked as dietary habits (e.g.,
frequency of consuming high-fat foods, fruits and
vegetables), physical activity (e.g., sedentary, moderate,
active) and smoking status (current, former, never). The
duration of T2DM was calculated from the time of first
diagnosis that was recalled by the patient and /or their
relatives. The weight and height of each patient were
measured wearing light clothes and shoes off, then the
Body Mass Index (BMI) was calculated using the equation:
weight (in kilogram)/height> (in meter?). Blood Pressure
(BP) was measured using a mercury sphygmomanometer
from both patients’ arms after sitting on a chair at least for

5 minutes and the highest measure was recorded depending
on Korotkoff Phase I (for systolic BP) and Phase V (for
diastolic BP).

Biochemical Tests

All recruited patients were fasting for at least 10 hours when
peripheral venous blood samples were withdrawn. For each
patient, withdrawn blood was transferred into a purple tube
containing EDTA and a yellow tube containing a separation
gel and coagulant which were labeled properly. Serum was
separated immediately after centrifugation and laboratory
biochemical tests were performed within 3-5 hours using
electrochemiluminescence immunoassay kits. Roche Cobas
c311 analyzer was used to measure the HbAlc, Fasting
Plasma Glucose (FPG), fasting TG, total cholesterol, LDL
and HDL cholesterol concentrations. The other tests
included serum creatinine, spot urine for albumin-creatinine
ratio (UACR), then estimated glomerular filtration rate
(eGFR) calculated by CKD-EPI creatinine equation.

Data Analysis

The data were analyzed using appropriate statistical methods
to determine the association between different variables.
Descriptive statistics were used to summarize the
sociodemographic and other characteristics of the
participants. Statistical Package for the Social Sciences
(SPSS) version 26 had been used for this purpose.

Definitions

Albuminuria is the presence of albumin (a type of protein) in
the urine, is classified into three categories based on the
severity of protein levels: Al (normal to mildly increased)
ACR less than 30mg/g. A2 (moderately increased) ACR
between 30 to 300mg/g. A3 (severely increased) ACR
greater than 300mg/g [16].

RESULTS

The general Characteristics of the Patients revealed that
among the 100 participants, the median age was 579 years,
ranging from 34 to 80 years. About 60% of the participants
were females and 40 % were males. The mean HbAlc level
during the time study was 8%, with values ranging from
5.5% to 13%, while the mean FBS was (175+64) mg/dl. The
majority, 94 % of the participants have had a BMI of
overweight and obese category, while only 6 % show normal
values, the mean BMI was (31.1+4.3). The mean duration of
diabetes among patients was (8.6+5.1) years. A high
percentage (78.0%) of participants are on statin therapy
while only (22.0%) of patients did not on statin therapy.
About 74% of participants have other comorbidities and
26% of them did not have any comorbidities. Regarding lipid
profiles, the mean triglyceride level was 219 mg/dL, while
the mean total cholesterol level was 312 mg/dL. DKD was
assessed using eGFR and microalbuminuria.
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Table 1: General characteristics of 100 participants

Variables 1 Mean+Std
Age (years) 5749
Male No. (%) 41 (41)
Female No. (%) 59 (59)
BMI 31.1+4.3
FBS (mg/dl) 175+64
Alc (%) 8.0£1.5
TC (mg/dl) 312440
TG (mg/dl) 219+144
LDL (mg/dl) 11635
HDL (mg/dl) 40+8.5
Serum creatinine (mg/dl) 1.15+0.64
Duration of Diabetes (years) 8.6%5.1
ACR Proteinuria No (%)
Al 21 (21)
A2 53 (53)
A3 26 (26)
GFR Stages No (%)
1 31331
2 37(37)
3a 18 (18)
3b 10 (10)
4 22
5 22
On statin 78(78)
Not on statin 22(22)
With comorbidity 74 (74)
Without comorbidity 26 (26)

BMI: Body Mass Index, FBC: Fasting Blood Sugar, Alc: Hemoglobin Alc, TC: Total Cholesterol, TG: Triglyceride, LDL: Low Density Lipoprotein,
HDL: High Density Lipoprotein, ACR: Albumin Creatinine Ratio, eGFR: Estimated Glomerular Filtration Rate, Stage 1: eGFR =90 ml/min, Stage 2: eGFR
60-90 ml/min, Stage 3a: eGFR 45-59 90 ml/min, Stage 3b: eGFR 30-44 ml/min, Stage 4: eGFR 15-29 ml/min, Stage 5: eGFR <15, Al: Microalbuminuria
<30 mg/mg creatinine, A2: Microalbuminuria 30-300 mg/mg creatinine, A3: Microalbuminuria =300 mg/mg creatinine

Table 2: Represents the difference in the means of lipid profiles between ACR groups (total number of each group between 2 brackets)

Variables Al (21) A2 (53) A3 (26) p-value
TC (Mean+Std) 185+'42 18545 197+27 0.419
TG (Mean+Std) 192489 240+139 199457 0.136
LDL (MeanStd) 97+40 11332 136+26 0.000
HDL (mean+Std) 4249 4049 4048 0,651

ACR: Albumin Creatinine Ratio, A1: Microalbuminuria <30 mg/mg creatinine, A2: Microalbuminuria 30-300 mg/mg creatinine, A3: Microalbuminuria 2300
mg/mg creatinine, HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein, TC: Total Cholesterol, TG: triglyceride

Table 3: The comparison of the means of lipid profiles among the stages of eGFR groups (total number of each group between 2 brackets)
Variables Stage 1 (31) Stage 2 (37) Stage 3a (18) Stage 3b (10) Stage 4 (2) Stage 5 (2) p-value
TC (Mean+Std) 180+45 194441 190+21 187457 200+7 180+0 0.826
TG (Mean+Std) 208+121 237+133 198+41 284+124 168+50 168+0 0.677
LDL (Mean+Std) 103+37 117+35 127422 132438 106£72 108+0 0.146
HDL (Mean+Std) 42+10 409 4245 3845 31+6 45+0 0.347

TC: Total Cholesterol, TG: Triglyceride, LDL: Low Density Lipoprotein, HDL: High Density Lipoprotein, eGFR: Estimated Glomerular Filtration Rate,
Stage 1: eGFR 290 ml/min, Stage 2: eGFR 60-90 ml/min, Stage 3a: eGFR 45-59 90 ml/min, Stage 3b: eGFR 30-44 ml/min, Stage 4: eGFR 15-29 ml/min,

Stage 5: eGFR <15

The most frequent category was stage A2, observed in
37 patients (37%). Additionally, 86% of participants had an
eGFR within stages 1 to 3a. The mean serum creatinine
levels was (1.15+£0.64) mg/dl (Table 1).

The mean lipid profile values for
HDL did not show statistically
differences across the different ACR groups, with
p-values of 0.419, 0.136 and 0.651, respectively.
However, LDL levels showed a statistically significant
difference between ACR groups Al, A2 and A3
(p-value = 0.000), with the highest mean observed in
group A3 (136£26 mg/dL). Pairwise comparisons
revealed a mean difference of 16 mg/dL between groups

TC, TG and
significant

Al and A2 (p-value = 0.15), 39 mg/dL between Al and
A3 (p-value = 0.000) and 22 mg/dL between A2 and A3
(p-value = 0.19). These results indicate that the significant
difference is primarily driven by the elevated LDL levels
in group A3 (Table 2).

To assess lipid levels across different stages of eGFR,
the mean values of TC, LDL and HDL were calculated,
showing no statistically significant differences. For further
analysis, eGFR stages were grouped into two categories:
245 ml/min and <45 ml/min. Although a statistically
significant p-value of 0.037 was observed, the difference in
mean lipid levels was only 5 mg/dL, which is not considered

clinically meaningful (Table 3 and 4).
58



Hameed er al.: Association of Lipid Profile with Diabetic Kidney Disease in type 2 Diabetes Mellitus

Jeoms

Table 4: The difference in the means of lipid profiles between the 2 groups of eGFR (total number of each group between the 2 brackets)

Variables eGFR 245 (86) eGFR <45 (14) p-value
TC (Mean+Std) 188+40 189+41 0.963
TG (Mean+Std) 210£102 237+173 0.534
LDL (Mean+Std) 116£36 112425 0.673
HDL (Mean+Std) 42+10 4048 0.037

TC: Total Cholesterol, TG: Triglyceride, LDL: Low Density Lipoprotein, HDL: High Density Lipoprotein, eGFR: Estimated Glomerular Filtration Rate

DISCUSSION

According to Kidney Disease Improving Global Outcomes
(KDIGO) clinical practice guidelines for lipid management
in CKD, adults with recently identified kidney disease
should be evaluated for lipid profile abnormalities, as this
condition, though not universal, is commonly present among
people with DKD nephropathy [17].

Altered lipid profiles in T2DM are due to insulin
resistance and defective insulin action on lipoprotein
metabolism. Increased lipolysis will increase the synthesis of
VLDL and triglyceride-rich LDL-C. It will also increase TG
synthesis and promote the quick breakdown of HDL-C [[17].

In our study, the most common pattern of lipid
abnormality is a high level of serum TC. In a study done by
Jayarama N, et al the most common pattern of dyslipidemia
was combined dyslipidemia; High TG and low HDL were
the most common [[1§].

The second most common dyslipidemia in our study
was low HDL level, affecting 56% of patients. In a study
done by Jayarama et al [18] the second most common
pattern of dyslipidemia was isolated low HDL level. These
results were in comparison to our study.

In our study there was a significant correlation between
mean LDL cholesterol in association with high levels of
ACR. Yang et al. [19] was found in their study, similar to
our study, that A3 microalbuminuria associated with high
mean LDL level. Ravid er al [20] found that mean LDL
associated with high levels of ACR which is similar to our
study. But there is no significant association between mean
TC, mean HDL and mean TG with high levels of ACR in our
study. Afghahi et al [21] found that high ACR was
associated with high mean TG level and mean HDL level.
This is opposite to our study, maybe because most of the
patients in our study are using anti lipid therapy.

A study done by Kolhar ef al [22] in India found a
highly significant association of DKD with high mean TC
but no significant association of ACR with HDL and it is also
similar to our study. A study done by Jisieike-Onuigbo et al.
[23] showed a significant association of ACR with high
mean LDL.C and high mean TG. There is no significant
association of ACR with TC and HDL-C. Which is
somewhat agree with our study. A study done in Taiwan that
strongly agree with our study showed that high ACR is
significantly associated with high mean LDL but not with
TC, HDL and TG levels [24].

The studies that differed from our study in their results
may be due to the Dietary habits that differs from our country
to other countries. As those on the vegetarian diet, TG and
LDL were on the higher side, while those mostly consuming
trans and saturated fat had total cholesterol on the higher
side.

The association of lipid profile with various stages of
CKD estimated by GFR in our study, there was a
insignificant association between high mean TC, high
mean LDL-C, low mean HDL-C and mean high TG
with the severity of kidney disease as estimated by GFR.
Zolezzi et al [235] also reported increased TC, TG and
decreased HDL in patients with various stages of CKD
which is opposite to our study, because the sample in our
study smaller than their study.

A previous paper from the Chronic Renal Insufficiency
Cohort (CRIC) Study reported, which analyzed 3,939 adult
patients with non-dialysis CKD of mean age 58.2 years and
mean eGFR 44.9 mL/min/1.73 m2, that serum TG level is
not independently associated with progression of CKD [26].
Which is similar to our study.

In a study done in india by Bhagwat et al. [27] they
found HDL-C to be significantly low (20£11) mg/dL
(p-value less than 0.001) in CKD stages and this is opposite
to our study.

Lin et al. [28] study that done in united states showed
that mean TG levels were negatively correlated with eGFR.
Which is similar to our study.

The results of this study are different from the results of
many other studies and this is may be due to most of the
patients in our study were taking statins and fibrates for a
long period and in a high doses.

CONCLUSIONS
Most if not all of the participants were elderly women
suffering from being overweight and obese.

The high level of mean LDL and ACR points to a
worrying clue of the deterioration of kidney function due to
lipid abnormalities. There is a significant correlation
between mean LDL and UACR. And insignificant
association between mean TC, mean TG and mean HDL
with UACR.

All stages of CKD were found to have low levels of
HDL which necessitates proper treatment.

Limitations

This study has some limitations. Its cross-sectional design
prevents  establishing cause-and-effect relationships.
Conducting the research at a single center may limit
generalizability. the lack of follow-up limits understanding
of disease progression and variations in laboratory data
sources may introduce inconsistencies. Lastly, the impact of
statin use was not fully analyzed.
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