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Diabetic nephropathy is a multifactorial disease. Gene susceptibility, as well as environmental exposure, plays an important role in
disease progression. Malaysia is reported to be among the world’s second-fastest-growing rates of kidney failure. Diabetic
nephropathy has become the main cause of end-stage renal disease in Malaysia. This article is aimed at reviewing genetic
studies conducted among diabetic nephropathy patients in the Malaysian population. This review was conducted by searching
PubMed, MEDLINE, and Google Scholar databases to identify all relevant papers published in English from March 2022 to
April 2022, using the following keywords: diabetes, type 2 diabetes, diabetic nephropathy, diabetic kidney disease, and
Malaysia. The case-control study among diabetic patients with and without diabetic nephropathy showed a significant
association with diabetic nephropathy in CNDP1, NOS3, and MnSOD genes. In the ethnic subgroup analysis, significant
differences for diabetic nephropathy in terms of diabetes duration (≥10 years) were observed for CCL2 rs3917887, CCR5
rs1799987, ELMO1 rs74130, and IL8 rs4073. The IL8 rs4073 was associated only with the Indians, while the CCR5 rs1799987
was associated with the Chinese. In Malays, SLC12A3 Arg913Gln polymorphism and ICAM1 K469E (A/G) polymorphism
were found to be associated with diabetic nephropathy. Studies on gene-environment interactions have suggested significant
genetic and environmental factors such as smoking, waist circumference, and sex for eNOS rs2070744, PPARGC1A rs8192678,
KCNQ1 rs2237895, and KCNQ1 rs2283228 with kidney disease. The genetic variants’ contributions differed across ethnic
groups. Therefore, a study to validate the genetic variants that are found to be associated with different ethnicities in Malaysia
may be important in future studies.

1. Introduction

Malaysia is a country in Southeast Asia with a total popu-
lation of 32.4 million, as reported by the Department of
Statistics Malaysia, 2018. As a multiethnic country, the
Malaysian population consists of Malays (69.1%), Chinese
(23.0%), Indians (6.9%), and others (1.0%) [1]. The major-
ity of the population in West (Peninsular) Malaysia is
Malays, Chinese, and Indians.

The rising of dialysis patients due to diabetes complica-
tions is a primary concern for developing countries like
Malaysia. According to the United States Renal Data Systems

(USRDS) report 2021 (Figure 1), Malaysia has become the
third highest country of incidents of treated end-stage renal
disease (ESRD) attributed to type 2 diabetes (T2D) after Singa-
pore and the Republic of Korea [2]. Diabetic nephropathy
(DN) has become a significant public health problem in
Malaysia due to the associated high morbidity and mortality,
which parallels the increased prevalence of diabetes and
hypertension among Malaysians.

In Malaysia, about 58% of new ESRD patients were
diabetic. Findings from a nationwide population-based
cross-sectional study in 2020 reported the prevalence of
chronic kidney disease (CKD) in Malaysia has increased
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by 6.41%, from 9.07% in 2011 to 15.48% (95% CI: 12.30,
19.31) in 2018 [3]. The number of dialysis patients in
Malaysia is reported to be greater in men compared to
women. Most of the dialysis patients were in the age
group of 45 years or older. The highest percentage of dial-
ysis patients was in 55-64 years of age [4]. These can be
explained as most diabetic patients develop DN after 10-
15 years of having T2D.

The DN has not only become a burden to Malaysia's
public and healthcare systems but it also affected our econ-
omy. In Malaysia, dialysis centre is managed either by the
government or the private sector. For over 10 years, the
number of private haemodialysis centres has been increasing
rapidly. Although private haemodialysis centre accounts for
49% of the total number of a dialysis centre in Malaysia, the
main source of funding continues to come from the govern-
ment. According to the MDTR report in 2018 [5], the
Malaysian government continued to provide more than
50% of dialysis funding therapy for new and existing
patients. This includes subsidies to NGO centres, as well as
government dialysis centres.

The DN is a microvascular complication due to diabetes.
Albuminuria has been used widely in the clinic to indicate
kidney disease. However, the prediction of DN using albu-
minuria is poor as it is not a specific biomarker. The exten-
sive research to find a new biomarker for the early prediction
of DN has become many scientists’ interest worldwide. A
genetic-altered factor has been suggested to influence an
individual to develop DN in the future. Evidence is accumu-
lating to support those genetic mechanisms that may also
contribute to the progression of kidney disease among dia-
betic patients. With the advancing technology in biomedical

research, many genetic variants have been identified and
reported in different populations.

Modifiable risk factors such as dyslipidemia, hyperten-
sion, and glycaemic control and unmodifiable risk factors
are age, race, and genetics are suggested to contribute to
the pathogenesis of DN. The severity of kidney disease
among diabetic patients differs from one to another. About
30-50% of diabetic patients will progress to kidney disease
with some patients experiencing a relatively rapid decline
in renal function despite good glycaemic control. This pro-
poses the fact that genetics are among the main contributors
to DN besides environmental factors.

This article is aimed at carrying out a literature review on
genetic and epigenetic studies that have been conducted
among DN patients in Malaysia. This update may be impor-
tant for a better understanding of the genetics of diabetic
kidney disease in our population.

2. Materials and Methods

Previously published articles were searched using PubMed,
MEDLINE, and Google Scholar. The keyword terms used
are diabetes, type 2 diabetes, diabetic nephropathy, and dia-
betic kidney disease with limited studies conducted among
the Malaysian population. The search was carried out from
May 2022 until June 2022. In total, 13 articles were included
after reviewing the titles and abstract. The full text of all
articles was further reviewed, and 5 of 13 research articles
were excluded because they were review articles or did not
report genetic findings. Only 6 research articles were finally
included in this review (Figure 2).

−3 −2 −1 0 1 2 3 4 5 6 7 8 9 10 11

C
ou

nt
ry

/r
eg

io
n

Average yearly change in ESRD incidence (per million population) due to DM

Figure 1: Displays the average yearly change in the incidence of treated ESRD attributed to diabetes, by country or region. Malaysia became
the 3rd highest after Singapore and the Republic of Korea.
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3. Results and Discussion

3.1. Genetics Studies of DN. In total, 7 research articles were
included in this review, as presented in Table 1. All research
articles included were using case-control study designs.

Abu Seman et al. [6] conducted a case-control study
among Malays with T2D and DN. Patients were collected
from various hospitals in Peninsular Malaysia. They divided
T2D patients into 2 groups: T2D patients without DN and
those with DN. Subjects in the normal glucose tolerance
(NGT) group are defined as controls. They found that (sol-
ute carrier family 12 members 3) SLC 12A3 Arg913Gln
polymorphism was associated with T2D (p = 0:028, OR =
0:772 (0.612-0.973), 95% CI) and DN (p = 0:038, OR =
0:547 (0.308-0.973), 95% CI) [6]. Meta-analysis using data
from Malaysians together with Japanese [7, 8] and Cauca-
sians [9] shows that the SLC12A3 Arg913Gln polymorphism
has a protective effect in DN among T2D patients (Z value
= −1:992, p = 0:046, OR = 0:792 (0.629-0.996) 95% CI).

When comparing T2D without and with DN, [10] found
that the chemokine receptor 5 (CCR5) rs1799987 A allele
has a significant and strong association with DN in Chinese
with OR = 6:71 (2.55-17.68) 95% CI, while interleukin-8
(IL8) rs4073 showed association only in Indians with OR
= 1:57 (0.66-3.71) 95% CI. They also studied the relation-
ship between the oxidative stress-related polymorphism
effects on the development of DN [11]. They found that
manganese superoxide dismutase (MnSOD) rs4880 has an
association with DN in 3 major ethnicities: the Chinese
had an OR = 2:8 (0.53–14.94) 95% CI, the Indians had an
OR = 2:4 (0.69–2.84) % CI, and the Malays had an OR =
2:16 (0.54–8.65) 95% CI; while for NOS3 rs1799983, the
Indians had the highest risk with OR = 3:16 (0.52–17.56)
95% CI, followed by the Chinese with OR = 3:55 (0.36–
35.03) 95% and the Malays with OR = 2:8 (0.29–28.32)
95% CI. Besides that, (carnosinase gene) CNDP1 D18S880
was also found to be associated among all the three major
races with the Malays having the strongest association with

identified from searching PubMed,
EMBASE and Google scholar

databases.

because they were review
studies.

because do not report genetic
findings.

systematic review.

Figure 2: The flow chart summarized the outcomes of the search strategy. The keyword terms used are diabetes, type 2 diabetes, diabetic
nephropathy, and diabetic kidney disease with limited studies conducted among the Malaysian population.

Table 1: Shows a summary of the included articles in the review.

Study design Case definition Method Author, year

Case-control study DN (n = 171) vs. ESRD (25) Affymetrix GeneChip 1.0 Lokman et al., 2011 [12]

Case-control study NDC (n = 784) vs. T2D with/without DN (633) TaqMan genotyping Abu Seman et al., 2014 [6]

Case-control study NDC (n = 90) vs. T2D (n =52) vs DN (38) TaqMan genotyping Abu Seman et al., 2015 [14]

Case-control study T2D (n = 300) vs. DN (325) Sequenom MassARRAY iPLEX Yahya et al., 2019 [10]

Case-control study T2D (n = 327) vs. DN (325) Sequenom MassARRAY iPLEX Yahya et al., 2019 [11]

Case-control study Healthy (n = 300) vs. DN (300) Mass spectrometry genotyping Ahmad et al., 2020 [13]
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OR = 2:46 (1.48–4.10) 95% CI, the Chinese with OR = 2:26
(1.34–3.83) 95% CI, and the Indians with OR = 1:77 (1.18–
2.65) 95% CI. Meanwhile, CNDP1 rs2346061 was found sig-
nificantly associated with DN only among Indians with OR
= 1:94 (1.76–3.20) 95% CI.

One study profiled the gene expression in the Malays'
ethnic with T2D, with or without DN using the Affymetrix
GeneChip 1.0 ST array. The study has identified several
genes that showed upregulation in the DN group including
(major histocompatibility complex) HLA-C, (component
3a receptor 1) C3AR1, (solute carrier family 16) SLC16A3,
and (solute carrier family 9) SLC9A8 [12]. Consistently
downregulated genes included (bone morphogenetic phos-
phatase kinase) BMP2K, (Solute carrier family 12) SLC12A1,
(solute carrier family 7) SLC7A2, and (protein phosphatase
1 regulatory (inhibitor unit)) PPP1R1C.

Interactions between genetic variants and environmen-
tal factors with DN have been studied by Ahmad et al.
[13]. They used Agena mass spectrometry to genotype 32
single nucleotide polymorphisms in T2D without and with
DN. Their data showed that gene-environment interaction
analyses have a significant on changeable risk factors such
as smoking ((endothelial nitric oxide synthase) eNOS
rs2070744, (PPARG coactivator 1 alpha) PPARGC1A
rs8192678 and (potassium voltage-gated channel subfamily Q
member 1) KCNQ1 rs2237895)), waist circumference (eNOS
rs2070744, PPARGC1A rs8192678, KCNQ1 rs2237895, and
KCNQ1 rs2283228), and HDL (eNOS rs2070744 and
PPARGC1A rs8192678) [13]. When comparing the high-risk
group on DN with the reference group male vs. female, males
have higher probabilities of chronic kidney disease
(PPARGC1A rs8192678). The predicted rate of newly detected
DN progression in gene-environment interactions was signifi-
cantly observed between KCNQ1 rs2283228 and two environ-
mental factors (sex and BMI). The genetic association of the
SNPs is summarized in Table 2.

3.2. Epigenetics Study of DN. Not much research has been
done on the Malaysian population’s DNA methylation in
diabetic nephropathy. Abu Seman [14] conducted the
DNA polymorphism and methylation in the intercellular
adhesion molecule 1 (ICAM1) gene using TaqMan allelic
discrimination and pyrosequencing. They reported that the
ICAM1 K469E (A/G) rs5498 (p = 1:7 × 10−6, OR = 2:909
(1.857–4.556) 95% CI was significantly associated with DN.
However, no association of ICAM1 DNA methylation with
DN was detected.

The same authors measured the DNA methylation
levels of SLC30A8 in T2D patients with DN. They ana-
lyzed 6 CpG sites in the solute carrier family 30 member
8 (SLC30A8) gene among Malays of ethnic Malaysia.
Results showed that the DNA methylation levels of
SLC308 were higher in T2D (82.9%) but not those in
T2D patients with DN when compared to NGT controls
(80.1%) (p = 0:0014). The study provides the first evidence
that increased DNA methylation of SLC30A8 is associated
with T2D but DN in a Malay ethnic [15].

From our literature search, there are still limited studies
conducted on the genetics of DN among the Malaysian pop-

ulation. Out of 13 research articles found, only 7 of them are
related and have published results on the genetics of DN.

In this review, we can see that the genetic findings pre-
sented are not congruent. This may be due to different defi-
nitions of cases and controls. 4 of them choose healthy
populations as controls, and 2 articles used T2D without
DN as controls. The case definition also varies between arti-
cles such as T2D with DN or ESRD patients.

To advance reproducibility in different populations, lon-
gitudinal studies are compulsory. This involves the prospec-
tive recruitment of a large cohort of healthy individuals at
baseline and the follow-up for over several decades to track
DN incidence among T2D patients. However, due to higher
costs, and the fact that the patients usually develop DN after
10-15 years of having T2D, longitudinal studies for complex
diseases such as T2D and DN remain uncommon to do.
Nevertheless, replication using other populations may be
useful to validate the previous finding, either using larger
samples or other cohorts.

Most of the research conducted on epigenetics used
DNA extracted from peripheral blood to study changes in
DNA methylation in DN. This is most likely because kidney
tissues are hard to get and the biopsy procedure is invasive.
Despite having a few limitations such as mixed cell DNA
methylation data from human kidney tissue would give a
shred of strong evidence to support the role of epigenetics
in the pathogenesis of DN. Compared to tissue biopsy,
whole blood is much easier to get and gives similar data.
These have been shown in the study published by Dayeh
TA [16]. Therefore, a combination of studies using DNA
extracted from blood and tissue samples would support
and better understand the association of genetic variation
and environmental factors in DN.

3.3. SLC12A3 Arg913Gln Polymorphism. The SLC12A3 gene
is located at chromosome 16 at position exon 23 [17]. The
systematic review comprising 2106 individuals with DN
have summarized research articles that study the SLC12A3
rs11643718 polymorphism. This review showed a significant
genetic association in the Arg913Gln variation of the
SLC12A3 gene with the DN, suggesting that the mutations
of the SLC12A3 rs11643718 polymorphism could be a sig-
nificant predictor of ESRD [18]. This polymorphism has also
been reported to be significantly associated with T2D
patients with DN in the Chinese [19] and South Indian pop-
ulations [20].

3.4. CCR5 rs1799987 an Allele. The CCR5 is located at chro-
mosome 3 in the chemokine receptor gene cluster region
[21]. This protein is expressed by T cells and macrophages
and is known to be an important coreceptor for the
macrophage-tropic virus entering the host cells. Pokrzyw-
nicka et al. recently evaluated the CCR5 rs1799987 polymor-
phism association with DN among T2D [22]. They reported
there was no association of CCR5 rs1799987 polymorphism
in Polish populations. Further replication in other popula-
tions with larger sample sizes may be needed to confirm
the association of this polymorphism.
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3.5. Interleukin-8 (IL8) rs4073. Interleukin-8 (IL-8) is a che-
moattractant cytokine produced by a diversity of tissue and
blood cells. The protein encoded by this gene is a member of
the CXC chemokine family and is a major mediator of the
inflammatory response [23]. The development and progres-
sion of DN involve immune and inflammatory mechanisms.
The IL-8 is known as relevant for the development of DN, as
they are potentially involved in the onset of disease complica-
tions [24]. A systematic review showed that IL-8 rs4073 was
associated with increased susceptibility to DN [25].

3.6. Manganese Superoxide Dismutase (MnSOD) rs4880. The
oxidative stress-related polymorphism has been suggested to
affect the development of DN. Manganese superoxide dis-
mutase (MnSOD) protects the cells from oxidative damage
by scavenging free radicals. Research in 1,510 Finnish and
Swedish patients with type 1 diabetes studied the effects of
MnSOD rs4880 alone and in combination with smoking
on DN development [26]. Their results indicated that smok-
ing together with MnSOD rs4880 homozygous had 2.52
times increased risk of DN (95% CI: 1.73-3.69).

3.7. NOS3 rs1799983. Nitric oxide is a reactive free radical
that acts as a biological mediator in several processes, includ-
ing neurotransmission and antimicrobial and antitumoral
activities [27]. The gene encoding eNOS (NOS3) is located
in chromosome 7q35-36 and consists of 26 exons with a total
size of 21kb [28]. The rs1799983 polymorphism results are
resulting changes in the eNOS protein sequence, which leads
to degradation and malfunction of enzyme activity [29, 30].
The rs1799983 T allele was shown to be significantly associ-
ated with DN in both T2D and DN [31]. Similar results were
observed in Egyptian [32, 33] and Indian populations [34].
However, the rs1799983 variant of NOS3 was found to not
be associated with CKD in Canarian subjects [35]. The same
results were found in the Brazilian [36], Iranian [37], Saudi
Arabian [38], and Egyptian populations [39].

3.8. Carnosinase Gene (CNDP1) D18S880 Microsatellite and
rs2346061 Polymorphism. CNDP1 is located on chromo-
some 18q. The CNDP1 encodes a dipeptidase that hydroly-
ses the substrate L-carnosine (β-alanyl-L-histidine) [40].
Carnosine serves as a scavenger of oxygen radicals and thus
can inhibit the formation of AGEs [41, 42], It is therefore
believed to play a protective role in DN. Meta-analysis of
the carnosinase D18S880 microsatellite polymorphism con-
firmed the association with DN susceptibility [43]. The
CNDP1 rs2346061 has been shown to play a role in suscep-
tibility to kidney disease in patients with T2D in the Swedish
population [44].

There are a few limitations to the research conducted to
study the genetics of DN among the Malaysian population as
included in this review. First, most of the research articles
mentioned that the number of samples included in their
study is small. This is due to the limited resources for DN
cases, although it was larger compared to previous local
studies, as discussed by Ahmad [13]. Larger sample sizes
are needed to achieve sufficient power [45]. Although the
calculated sample size is statistically enough for the study,

there is still a possibility to lose the low-frequency variants
that need a larger sample size to be detected [46].

Moreover, not many of the research articles discuss or
did biological studies to support the results. Biological pro-
cesses and molecular mechanisms underlying the effect of
the genetic variants are worth to be explored. Studies
in vivo and in vitro can be done using commercialized cells
or suitable animal models that are available on the market.
Effects of the nonsynonymous SNPs that involved changes
in the amino acid could be studied using genetic engineer-
ing. The nonspecific insertions, deletions, or other mutations
(indels) could be reversed using the CRISP technique [47],
and the function of the genetic variants in the disease could
be further evaluated.

All the published genetics data on DN in Malaysia were
using the case-control approach. This study design is used
when researchers want to compare those with the disease
or condition under study (cases), and a similar group of peo-
ple who do not have the disease or condition (controls). The
case-control study design has a few advantages and disad-
vantages or limitations. The case-control approach allows
us to study a rare disease that requires less sample size
[48]. This approach requires less time and is less expensive
than the prospective study approach [49]. However, this
study design is not able to determine the incidence and prev-
alence of the disease [50]. It also cannot be used to evaluate
the causality. Yet, the study design is practically chosen
based on the study objective.

4. Conclusions

This paper reviews the update of genetic and epigenetic
studies of DN conducted in Malaysia. Although it became
the third-highest country for incidents of ESRD due to dia-
betes, research conducted on this disease is still limited. It
is a heterogeneous and polygenic disease with several genes,
proteins, and environmental factors that may contribute to
the disease. Multiple genetic variants have been suggested
for the progression of DN. The case-control and candidate
gene-based association studies are the main approaches that
have been explored to identify the susceptibility of the
genetic variants. Therefore, further research on confirming
the potential biomarkers of DN among Malaysian popula-
tions is required.
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