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Abstract

Diabetes mellitus is often associated with chronic kidney disease
(CKD) and is one of the significant predictors of the development of
CKD. The study aimed to determine the prevalence and associated
factors for CKD among diabetes type II diabetes mellitus patients.
This crosssectional study using secondary data from National
Diabetes Registry’s (NDR) audited patients for the year of 2018 to
2020 at Padang Terap, Kedah. All audited patients were included
in the analysis of the study. The eGFR was calculated from serum
creatinine value and classified into CKD status based on KDIGO
classification. Multiple logistic regression analysis was used to
determine the associated factors. A total of 963 patients were involved
in this study. The prevalence of CKD among T2DM patients was
38.6% (95% CI: 35.5, 41.7). The factors associated with CKD among
T2DM patients were age group (p<0.05), female [adj. OR: 1.974
(95%CI: 1.460, 2.669). triglyceride [Adj. OR: 1.263 (95%CI: 1.099,
1.451)], high density lipoprotein [Adj. OR: 0.663 (95%CI: 0.425,
0.989)] and patients received calcium channel blocker [Adj. OR =
0.658 (95%CI: 0.499, 0.868)]. The statistical model can discriminate
68.8% [95%CI: 65.4, 73.5), p<0.001]) to predict CKD among DM
patients. Age, female, triglyceride, high-density lipoprotein, and
treatment with calcium channel blocker were found to be significant
factors for CKD among T2DM patients. Treating patients with anti-
hypertensive and anti-hyperlipidemic are very important to reduce
the prevalence of CKD among T2DM patients.

Keywords: Chronic Kidney Disease, Type 2 Diabetes Mellitus,
Prevalence of CKD, Associated factors.

Introduction

The prevalence of diabetes mellitus in Malaysia is increasing in
trend. The National Health and Morbidity Survey (NHMS) has been
reported that the prevalence of DM was 15.1% in 2011 which is
double the prevalence that was reported in 1996. The prevalence of
DM continues to increase to 17.5% in 2015 and 18.3% in 2019 [1-3].

As the prevalence of DM in Malaysia is increasing in trend over
the years, the prevalence of CKD is estimated to be higher because
DM is the significant factor for CKD. There are numerous studies
have been conducted to determine the prevalence of CKD among
T2DM npatients. The prevalence was in the range of 16.8% to 83.7%

with variability in the prevalence in each CKD staging [4-13].

CKD patients have an extremely high risk of developing kidney
failure [14], cardiovascular disease [14,15] and premature death [14].
The progression of CKD to end-stage renal disease (ESRD) is an
important clinical event with substantial morbidity among the elderly
population [16] and the cardiovascular mortality is 10 to 20 times
higher than in the general population in dialysis patients [14]. It has
been estimated that approximately 9% of cardiovascular mortality
per year is due to CKD [17]. The prevalence of left ventricular
hypertrophy was approximately 75% and coronary artery disease
was approximately 40% among patients treated by haemodialysis or
peritoneal dialysis [17].

There were numerous factors be associated with CKD among
T2DM patients from the literature search. However, there was a
review on the developing renal risk scores that discussed two risk
factors related to CKD, which were the initiating and the progression
factors [18]. Diabetes mellitus and metabolic syndrome were
identified as the most common cause of CKD worldwide that involve
multiple mechanisms, including glomerular hemodynamic factors
and advanced glycation end product [19].

There are three main factors associated with CKD which are the
presence of hypertension [20,21,11], age as a significant predictor
of the development of CKD [10,21-24] and the duration of diabetes
mellitus as the risk factor [4,22,25]. Other predictors that also have
been discussed were the use of traditional medications and the
educational level [24], alcohol consumptions and smoking behaviours
[23], HBAlc [6], gender [22], excessive body mass index (BMI) [25]
and the presence of cardiovascular disease (CVD) events [27].

The awareness of CKD remains low not only in communities but
also in healthcare providers [28]. Therefore, this study objectives
aimed to determine the prevalence and its associated factors of CKD
among T2DM in Padang Terap, Kedah, Malaysia. It is hoped that
this study can expand the current knowledge to assist the health care
worker to have better decision-making when they encounter CKD
patients with multiple risk factors. Thus, early screening and better
treatment should be aimed in the early stage of CKD to reduce the
Disability-adjusted Life Years (DALYs) and improve the prognosis
of the disease.
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Methodology
Underlying Data and Study Design

A cross-sectional study was conducted using secondary data
from The Malaysia National Diabetes Registry (NDR). NDR was
established in 2009 to monitor clinical outcomes of diabetes patients
managed at the primary health clinics of the Ministry of Health,
Malaysia (MOH). All diabetic patients who receive diabetes care
at participating health clinics are required to be registered in this
registry. A proportion of patient records are audited annually, and all
information about the clinical and treatment is stored in this registry
[29].

Inclusion and Exclusion Criteria

All T2DM patients that have been registered in the NDR under
District Health Office, Padang Terap, Kedah and audited in the year
2018 to 2020 were included in this study. Since CKD stages were
used as the outcome variable, any patient without serum creatinine
value was excluded from the study.

Diagnosis of CKD

The diagnosis of CKD is defined as when the estimated glomerular
filtration rate (eGFR) is less than 60 ml/min/1.73 m? and is present for
more than three months with or without evidence of kidney damage
or if there is evidence of kidney damage that is present for more than
three months with or without eGFR <60 ml/min/1.73 m?[30]. The
presence of proteinuria is considered kidney damage in this study.

The eGFR value requires renal profile blood investigation with a
creatinine value. The serum creatinine value from renal profile blood
investigation was be converted into eGFR by using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation
[30]:

eGFR =141 x min (S_/x, 1)* x max(S_, /i, 12" x 0.9934¢ x 1.018
[if female] x 1.159 [if Black].

where:

S, is serum creatinine (in mg/dl)

k is 0.7 for females and 0.9 for males.

o is -0.329 for females and -0.411 for males.

min indicates the minimum of S/« or 1

max indicates the maximum of S/« or 1
Data management

The initial data received was 1047 patients after the data provider
removed the duplication data for repeatedly audited patients from the
year 2018 until 2020. However, 84 patients were excluded due to no
serum creatinine value giving the remaining 963 patients.

From 21 variables received, seven variables are removed because
they were not related to the study. Another four variables have been
created based on the 14 existing variables which were the duration of
diabetes mellitus (patient's age minus patient's age during diagnosis
of DM), eGFR (serum creatinine from renal profile transform into
eGFR using CKD-EPI formula), CKD staging classification (classify

the eGFR into six stages based on KDIGO classification) and the
use of Renin-Angiotensin System (RAS) blocker drugs (Angiotensin
Converting Enzyme Inhibitor and/or Angiotensin Receptor Blocker
drugs). 11 out of 18 variables were presented with a missing value.
The lowest missing value is 0.6% (systolic and diastolic blood
pressures) while the highest missing value is 26.2% (serum low-
density lipoprotein (LDL)). The missing value has been managed
using multiple imputations.

Statistical Analysis

Data were managed and analyzed using the Statistical Package
for Social Science (SPSS) Version 27.0 (SPSS, Inc, Chicago, IL,
version 27.0). The descriptive analysis was used to describe the
sociodemographic characteristics, anthropometric, medical illness,
biochemical profile and medication history. Normally distributed
data were presented in mean and standard deviation and non-normally
distributed data was presented in median and interquartile range
(IQR), respectively. Categorical data were presented in frequency (n)
and percentage (%). Univariate analysis was conducted to determine
the factors associated with CKD among T2DM patients. Odds ratios
(OR) and their 95% confidence intervals (CI) were calculated using
simple logistic regression (SLogR). The independent variables with
less than 0.05 in SLogR were included for further analysis using
multiple logistic regression (MLogR) to adjust for confounding
factors. The level of statistical significance was set at p<0.05.

Ethical consideration

Ethical approval for this research was obtained from UiTM Research
Ethics Review Boards Committee (REC/04/2021 (MR/197)) and
The Medical Research and Ethics Committee (MREC), Ministry of
Health Malaysia (MOH) (NMRR-20-3082-57796 (IIR))

Result

A total 963 patients in the NDR involved in this study. 372 patients
were diagnosed as CKD fiving the prevalence of CKD among
T2DM patients was 38.6% (95% CI: 35.5, 41.7). Base on KDIGO
Classification, the overall prevalence of CKD among T2DM patients
was 38.6% (95% CI: 35.5, 41.70). The prevalence of Stage 1 CKD
was 6.95% (95%CI: 3.81, 10.09); stage 2 CKD was 5.40% (995%CI:
2.26, 8.54); stage 3a CKD was 12.35% (95%CI: 9.21, 15.49); stage
3b CKD was 8.1% (95%CI: 4.96, 11.24); stage 4 CKD was 3.86%
(95%CI: 0.73, 6.99) and stage 5 CKD was 1.93 (95%CI: 0.10, 5.10).

The distribution and comparison of the characteristics between
CKD and without CKD are shown in Table 1. The T2DM patients
with CKD were older, female, Malay, overweight, had proteinuria,
received CCB but not RAS medications. The height, duration of DM,
SBP, HbA lc, total cholesterol, triglyceride and LDL were higher in
the CKD group. However, weight, DBP, HDL were higher in the
non-CKD group. There were significant differences in the age group
(p<0.001), gender (p<0.001), BMI group (p=0.011), duration of
DM (p<0.001), triglyceride (p=0.019), HDL (p=0.018), proteinuria
(p<0.001) and received CCB (p=0.001) between T2DM patients with
and without CKD.

~

Variables CKD (N=372), No CKD (N=591), p-value
n(%) / mean £+ SD n(%) / mean £+ SD

Sociodemographic:

Age, years

Less than 40 5(1.3%) 36 (6.1%) <0.001*

40 - 49.99 31(8.3%) 82 (13.9%)

50-159.99 82 (22.0%) 184 (31.1%)

60 — 69.99 117 (31.5%) 185 (31.3%)

70 -79.99 111 (29.8%) 88 (14.9%)

80 and above 26 (7.0%) 16 (2.7%)

N

Table 1. to be cont...j
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Gender:
Male 148 (39.8%) 139 (23.5%) <0.001*
Female 224 (60.2%) 452 (76.5%)
Ethnicity:
Malay 303 (81.5%) 467 (79.0%) 0.358
Non-Malay 69 (18.5%) 124 (21.0%)
Anthropometrics:
Height, cm 155.33£7.85 154.88 + 7.63 0.381
Weight, kg 64.78 + 13.60 66.58 +14.77 0.059
BMI, kg/m2:
Normal and 145 (39.1%) 201 (34.2%) 0.011*
underweight
Overweight 151 (40.7%) 217 (36.9%)
Obese 75 (20.2%) 170 (28.9%)
Medical illness:
Duration of DM 8.16 £5.28 7.26 £5.09 <0.001*
SBP, mmHg 135.58 £ 18.47 134.80 + 16.43 0.498
DBP. mmHg 77.02 +11.29 78.19 £ 11.07 0.114
Biochemical:
HbA1c% 7.81 +£2.11 7.70 £2.03 0.428
Total Cholesterol 536+ 1.36 531+1.24 0.564
(mmol/1)
Triglyceride 2.02+0.99 1.86 +1.03 0.019%*
(mmol/1)
HDL (mmol/1) 1.24+0.29 1.29£0.37 0.018*
LDL (mmol/l) 3.20 £ 0.99 3.17+0.93 0.697
Proteinuria (n=331) (n=432)
(n=763):
Yes 185 (55.9%) 0 (0.0%) <0.001*
No 146 (44.1%) 432 (100.0%)
Medication:
RAS (RAS):
Yes 180 (48.4%) 314 (53.1%) 0.152
No 192 (51.6%) 277 (46.9%)
CCB (CCB):
Yes 202 (54.3%) 253 (42.8%) 0.001*
No 170 (45.7%) 338 (57.2%)
Note:

BMI: Body mass index; DM: diabetes mellitus; SBP: Systolic Blood Pressure;
DBP: Diastolic Blood Pressure; HDL: High-density lipoprotein; LDL: Low-density
lipoprotein; RAS: Renin-Angiotensin System; CCB: Calcium channel blocker

Table 1: The characteristics of the T2DM patients with and without CKD (N=963)

- J

age group (p<0.05), gender (p<0.001), BMI group (p<0.05), duration
of DM (p=0.010), triglyceride (p=0.023), DHL (p=0.021) and CCB
status (p=0.001).

Table 2 shows the univariate analysis to determine the factors
associated with CKD among T2DM patients. From this analysis, it
was found that the factor considered for multivariable analyses were:
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( Variables B(SE) Wald (df) p-value OR (95%CI) \

Sociodemographic:
Age, years
Less than 40 55.086 (5) | ref 1
40 —49.99 1.011 (0.522) |3.683 (1) 0.055 2.722(0.979, 7.568)
50—-159.99 1.166 (0.495) |5.539(1) 0.019* 3.209 (1.215, 8.472)
60 — 69.99 1.516 (0.492) |9.506 (1) 0.002* 4.554 (1.737, 11.936)
70 —79.99 2.206 (0.498) | 19.616 (1) |<0.001%* 9.082 (3.421, 24.110)
80 and above 2.460 (0.573) | 18 (402) <0.001* 11.700 (3.803, 35.994)
Gender (Female vs Male) 0.765(0.144) 28.354 (1) |<0.001* 2.149 (1.621, 2.847)
Ethnicity (Malay vs Non- 0.154 (0.167) 10.842 (1) 0.359) 1.166 (0.840, 1.619)
Malay)
Anthropometrics:
Height, cm 0.007 (0.009) |0.764 (1) 0.382 1.007 (0.991, 1.025)
Weight, kg -0.009 (0.005) |3.560 (1) 0.059 0.991 (0.982, 1.000)
BMI, kg/m2:
Normal and underweight 9.018 (2) ref 1
Overweight -0.036 (0.152) |0.056 (1) 0.813 0.965 (0.716, 1.299)
Obese -0.492 (0.176) | 7.778 (2) 0.005* 0.612 (0.433, 0.864)
Medical illness:
Duration of DM 0.033 (0.013) |6.644 (1) 0.010* 1.034 (1.008, 1.060)
SBP, mmHg 0.003 (0.004) | 0.461 (1) 0.497 1.003 (0.995, 1.010)
DBP. mmHg -0.009 (0.006) |2.489 (1) 0.115 0.991 (0.979, 1.002)
Biochemical:
HbA1c% 0.025(0.032) | 0.629 (1) 0.428 1.026 (0.963, 1.092)
Total Cholesterol (mmol/l) | 0.030 (0.051) | 0.336 (1) 0.562 1.030 (0.932, 1.139)
Triglyceride (mmol/l) 0.151 (0.066) |5.200 (1) 0.023* 1.163 (1.021, 1.325)
HDL (mmol/l) -0.509 (0.220) |5.327(1) 0.021* 0.601 (0.390, 0.926)
LDL (mmol/l) 0.027 (0.069) | 0.151 (1) 0.697 1.027 (0.897, 1.176)
Medication:
RAS (Yes vs No) -0.190 (0.133) |2.054 (1) 0.152 0.827 (0.638, 1.072)
CCB (Yes vs No) -0.462 (0.133) | 12.036(1) |o0.001* 0.630 (0.485, 0.818)
Note:

- Statistically significant at 0=0.05

- BMI: Body mass index; DM: diabetes mellitus; SBP: Systolic Blood Pressure; DBP: Diastolic
Blood Pressure; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; RAS: Renin
Angiotensin System; CCB: Calcium channel blocker; SE: standard error; ref: reference group; OR:
Odds Ratio, CI: Confidence intervals

Table 2: Univariate Analysis to determine the factor associated with CKD among T2DM patients
- J

Table 3 shows the multivariable analysis to determine the factor
associated with CKD after controlling for the confounding factor.
It can be concluded that the factors associated with undiagnosed
hypertension were age group. The trend of age group increases in
adjusted OR by increasing age group compared to the reference
group (less than 40 years old). Female has almost 2 times the odds
of having CKD compared to male [Adj. OR: 1.974 (95%CI: 1.460,

2.669). Increasing one unit of triglyceride was associated with an
increase of almost 1.3 odds of having CKD. However, one unit
increase in HDL was associated with reduced 0.663 odds of having
CKD. Those patients who received CBB have protected of having
CKD compared to those who did not receive CCB [Adj. OR = 0.658
(95%CI: 0.499, 0.868)].
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4 )
Variables [ B(SE) [ Wald @) | p-value | Adj. OR (95%C1)
Sociodemographic:

Age, years 50.096 (5) Ref 1
Less than 40
40-49.99 1.142 (0.553) |4.283 (1) 0.038* 3.133 (1.062, 9.241)
50-159.99 1.234 (0.528) | 5.455(1) 0.020* 3.434 (1.219, 9.669)
60 —69.99 1.640 (0.524) ]9.800 (1) 0.002* 5.153 (1.946, 14.384)
70 —79.99 2.315(0.534) | 18.798 (1) <0.001* 10.128 (3.561, 28.845)
80 and above 2.432 (0.609) | 15.960 (1) <0.001* 11.379 (2.351, 37.515)
Gender (Female vs 0.680 (0.154) | 19.510 (1) <0.001* 1.974 (1.460, 2.669)
Male)
Biochemical:
Triglyceride (mmol/l) | 0.233 (0.071) ] 10.860 (1) 0.001* 1.263 (1.099, 1.451)
HDL (mmol/l) -0.411 (0.227) | -0.411 (0.227) | 0.041* 0.663 (0.425, 0.989)
Medication:
CCB (Yes vs No) [-0.418 0.141) [8.767(1)  |0.003 [ 0.658 (0.499, 0.868)
Note:

- Statistically significant at 0=0.05

- HDL: High-density lipoprotein; CCB: Calcium channel blocker; SE: standard error; ref:
reference group; OR: Odds Ratio, CI: Confidence intervals; SE: standard error; df: degree of
freedom, Adj. OR (Odds ratio); CI: confidence interval; ref: reference group.

- The model reasonably fits well (Hosmer—Lemeshow test: p = 0.137); model assumptions were
met; There are no significant interaction and multicollinearity problem; model explained 10.5%
(Cox and Snell R2) of the variance in undiagnosed hypertension and correctly classified 67.2%
of cases; sensitivity 38.0%, specificity 85.5%. The VIF: Gender: 1.050; TG: 1.026; HDL: 1.049;
CCB: 1.011; Age: 1.037

Table 3: Multivariable Analysis to determine the factor associated with CKD among T2DM patients

Diagnostic Tests for the Multiple Logistic Model

The null hypothesis shows that the model adequately fits
well (Hosmer—Lemeshow test: p = 0.138). The checking of
multicollinearity reveals that no collinearity exists among the
independent variables as the variance inflation factor is less than 10
(VIF: Gender = 1.050, TG=1.026, HDL = 1.049, CCB = 1.011, Age
= 1.037). The model explained 10.5% (Cox and Snell R?) of the

variance in undiagnosed hypertension. In the case to create the model,
the sensitivity was 38.0%, and the specificity was 85.5%. Overall,
67.2% of the cases are classified correctly. Figure 1 shows the area
under the received operative characteristic curve (AUROC). It can be
concluded that the statistical model can discriminate 68.8% [95%CI:
65.4, 73.5), p<0.001]) to predict CKD among T2DM patients.

-~

-

Figure 1: Area Under Receiver Operative Characteristic

~

J
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Discussion

The prevalence of CKD among T2DM patients at PKD Padang
Terap was 38.6% (95% CI: 35.5, 41.7). This finding was higher
compares to the majority of a similar study done in other countries
which found the prevalence of CKD of less than 30% [31]. The
location of the study conducted explained the variety of ranges
for the prevalence of CKD [31]. It is expected that the prevalence
is lower compared to the tertiary setting and the prevalence differs
between developing and developed countries.

The systolic blood pressure (SBP) and HbA1 were higher
compared to the recommendation by Clinical Practice Guideline
(CPG) management of diabetes mellitus in Malaysia [32]. HbAlc
is the primary indicator to evaluate diabetes control worldwide.
Malaysia has adopted a yearly audited program by National Diabetes
Registries with a target of more than 30% from the randomly selected
patient to have HbA1c of less than 6.5% [33]. Another finding from
the distribution of is the biochemical investigation is Fasting Lipid
Profile (FSL) consists of total cholesterol, LDL and TG. Their mean
value was higher than the recommendation by the Ministry of Health
Malaysia. However, the mean of HDL with more than 1.2 mmol/l,
which can reduce the CKD incidence [34]. The high incidence of
CKD will have resulted from inadequate control of the parameter
that was highlighted in the guideline, subsequently increasing their
prevalence [35].

The prevalence of overweight and obesity in this population was
38.8% and 24.5%, respectively. The prevalence of overweight and
obesity was higher compared to national prevalence which was
30.4% (95% CI: 29.00, 31.90) and 19.7%, (95% CI: 18.43, 21.13),
respectively [36]. Malaysia has the highest prevalence of obesity
among adults in South East Asia and is a risk factor for various non-
communicable diseases.

Age was found to be the risk factor of CKD among T2DM patients in
this study. Increasing age leads to increased risk for CKD progression
in most studies in similar fields [8,10,11]. The kidneys are affected
by the ageing process which resulted from several morphological
and functional process alterations along the course; thus the kidney
disease has also been found to be more dominant in those over the
age of 60 when compared to the rest of the general population [37]. A
recent report by National Diabetic Registry (NDR) has found that the
mean age for Malaysians to be diagnosed with T2DM is 53 years old
[33]. However, NHMS 2019 reported that the prevalence of raised
blood glucose among not known diabetes status was 8.9% (95%
CI: 7.96, 9.93) and the majority of the participants presented at age
group lower than 50 years old [1]. Therefore, an extensive screening
program should be able to early detection of diabetic patients and the
initiation of the treatment to prevent complications such as CKD.

Females were found a higher risk of CKD among T2DM patients
compared to males [adj. OR (1.974 (95%CI: 1.460, 2.669)]. This
finding corresponded to the study by Tannor et al., [24] in Ghana.
However, a study by De Cosmo et al., [22] reported that only the male
sex was associated with CKD. A review report in 2006 found that the
incidence of CKD among males was higher because they were more
susceptible to age-related glomerulosclerosis than females [18].

This study found that T2DM patients who are treated with calcium
channel blocker (CCB) have a protective factor to develop CKD
[adj. OR: 0.658 (95%CI: 0.449, 0.868)]. A Randomized Controlled
Trials (RCTs) on angiotensin-converting enzyme inhibitor (ACEi)
and angiotensin II receptor blockers (ARBs) in Type 1 and Type 2
DM showed that the risk of end-stage of renal disease (ESRD) was
significantly reduced by 40% with ACEi and 22% with ARB when
compared to placebo [38]. In Malaysia, ACEi and ARB are the most
recommended antihypertensive agents used to treat hypertension
among CKD patients with or without proteinuria and should be used
as the first-line treatment [39]. As for CCB, even the effectiveness

for hypertension control is unquestionable, however, the evidence
for the renoprotective effect is not conclusive. In clinical practices,
CCBs can be added as a second-line therapy to RAS blockers in the
management of CKD as a safe and reasonable approach to optimize
blood pressure control [39].

Chronic kidney disease (CKD) is associated with dyslipidaemia
comprising high triglycerides, low HDL and altered lipoprotein
composition [40,41]. Dyslipidaemia is common in diabetes
patients and diabetic dyslipidaemia is also correlated with diabetic
nephropathy and CVD [42,43]. Based on the biochemical findings
in this study, triglyceride was found to be the risk [adjOR: 1.263
(95%CI: 1.099, 1.451)] and HDL was found to be the protective
factor [adj. OR: 0.663 (95%CI: 0.425, 0.989)] for the CKD among
T2DM patients.

A study by Keiko et al., [44] found low HDL cholesterol to be a
predictor of chronic kidney disease progression especially in female
patients with CKD under 70 years of age. The kidney survival
rate in the low HDL group was significantly lower than that in the
high HDL group. Therefore, it is very important to clinicians when
determining the expected prognosis of CKD in patients [44]. The
LDL was independently associated with an increased likelihood of
estimated glomerular filtration rate (¢GFR) decline and development
of incident CKD in the general Zhejiang population [45]. The use
of cholesterol-lowering agents appears to be indicated in early CKD
stages to prevent atherosclerosis-related risk [46]. It is suggested
to start LDL cholesterol-lowering treatment in stages 1 to 4 CKD
patients with pre-existing cardiovascular events or those with
multiple risk factors and at high risk for coronary heart disease and
when the LDL cholesterol level is more than 1.8 mmol/1 [43].

Several screening tools can be used for the identification of CKD
among T2DM patients. Early initiation of treatment may halt the CKD
progression thus resulting in a better prognosis for the patients. The
health care provider may perform periodic estimates of glomerular
filtration rate (¢GFR) and monitor other biochemical markers such as
anaemia and proteinuria status. Regular training should be provided
to enhance the clinical competence in managing the CKD [47].
Limitation

There were some limitations while conducting this study. The
cross-sectional observational study has the disadvantage of causal
inference as the study design was unable to measure temporality
based on Bradford Hill's criteria. Secondary data from the National
Diabetes Registry (NDR) used in this study has a lack of control over
the quality of data because the researcher did not participate in the
data collection processes [48]. Although this study was conducted
using a universal sampling method in selecting the sample, however,
its coverage was limited to the patients that have registered and
audited in the National Diabetes Registry (NDR). This study was
conducted at a single health care centre and has limited by the unique
character of the current facilities based on the distributions of the
variables Thus, the generalizability of our finding to other T2DM
populations in Malaysia is uncertain and warrants further study.
Conclusion

The final model has illustrated age, female, triglyceride, high-
density lipoprotein and treating with calcium channel blocker were
found to be significant factors for CKD among T2DM patients.
Treating patients with anti-hypertensive and anti- hyperlipidemic
are very important to reduce the prevalence of CKD among T2DM
patients.
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