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Abstract

Background: Lipoprotein a (LP(2)), an LDL-like lipoprotein, known as a risk factor for cardiovascular diseases, has a
controversial association with diabetic retinopathy in patients with type 2 diabetes—the current systematic review aimed
to critically assess the association between LP(a) and diabetic retinopathy.
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Methods: A systematic review of relevant studies was conducted after a thorough search in PubMed, Scopus, and Google
Scholar electronic databases. We used English observational, case-control, and prospective cohort studies published up to
August 2022, including type 2 diabetic patients as the population, diabetic retinopathy as the outcome, and LP(a) as the
intervention.

Result: |7 relevant studies, including 4688 patients with diabetes, were included in this systematic review. While in
I3 studies, Lipoprotein(a) was recognized as a risk factor for diabetic retinopathy, only three studies reported no evidence
of a relationship between the two. Also, another study showed a mixed outcome of the relationship between LP(a) and
diabetic retinopathy.

Conclusion: High serum lipoprotein(a) in patients with type 2 diabetes is considered a risk factor for diabetic retinopathy.

However, further large-scaled cohort studies are still required to validate this finding.
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Introduction

Diabetes as a chronic disease with an increasing prevalence
globally has gained the attention of many medical re-
searchers. According to WHO (World Health Organiza-
tion), The number of patients with diabetes has raised from
108 million in 1980 to 422 million in 2014." Fundamental
factors that make an individual susceptible to the disease
vary from environment to genetics. Patients with diabetes
are at risk for multiple complications such as retinopathy,
nephropathy, and cardiovascular events.

Diabetic retinopathy is a serious microvascular com-
plication of diabetes that is the primary cause of vision loss
in adults of working age worldwide.” Nearly all patients
with type 1 diabetes and >60% of patients with type
2 diabetes (T2DM) have diabetic retinopathy (DR);’ for
example, in Iran, 37.8% of patients with T2DM have
DR.** As the population affected by this condition grows,
several risk factors are considered to be linked with DR.
However, it should be noted that the predicting value of
these factors is still the topic of many studies. Some pa-
tients with controlled blood glucose levels have shown
worsening symptoms and signs of DR; on the contrary,
there are patients with long-time diabetes whose DR has
not occurred.” Therefore, the need to outline the predis-
posing factors remains. Several studies have proposed the
relationship between lipid profile and DR.®® According to
these studies, lipoprotein(a) (LP(a)) and some apolipo-
proteins, such as apolipoprotein B (ApoB) and ApoA1l and
the ApoB-to-ApoA ratio, could be reliable indicators of
severity and prognosis of DR compared to routine lipid
profile components such as low-density lipoprotein (LDL),
high-density lipoprotein (HDL) or LDL-to-HDL choles-
terol ratio.

LP(a) is an LDL-like lipoprotein containing an apoli-
poprotein B-100 molecule linked to a large glycoprotein
called ApoA via a disulfide bond. LP(a) is considered a
more prothrombotic and atherogenic molecule than LDL'

and is increased in patients with diabetes, especially those
with poor glycemic control and long-duration disease.
Most studies before the 2000s considered LP (a) as an
independent factor for DR with an unknown
mechanism.’~’ However, this statement is now a topic of
debate as studies are divided into two groups of con-
firming'' and opposing'? the former findings based on a
mechanism approach.

During disease progression, inflammatory molecules are
produced, and angiogenesis occurs. Furthermore, VEGF is
overexpressed by the maintained hyperglycemic environ-
ment and up-regulated by tissue hypoxia. Also, pro-
inflammatory mediators regulated by cytokines, such as
tumor necrosis factor (TNF-a) and interleukin-1 beta (IL-
1B), and growth factors lead to the progression of these
processes, culminating in vasopermeability (diabetes
macular edema) and/or pathological angiogenesis (prolif-
erative diabetic retinopathy).

According to this controversy that obscured the rela-
tionship between LP(a), local inflammation, and diabetic
retinopathy, this systematic review study aims to critically
discuss the role of LP (a) as a predictive factor for DR.

Methods

Search strategy

This study conformed to the favored Reporting Items for
Meta-Analyses and Systematic Reviews (PRISMA)
statement and a meta-analysis of monitoring studies in
epidemiology (MOOSE) guidelines. PubMed, Google
Scholar and Scopus were searched to identify all acces-
sible, relevant studies up to August 2022. We applied the
following MeSH terms for search: “‘Diabetic Retinopathy,’
‘Diabetes complications,” ‘Diabetes Mellitus, Type 2’,
‘Lipoprotein(a).”” Critical words utilized in the search
included “Risk factor,” “Lipoprotein A,” and “diabetic
retinopathy.” No language or other limitations were
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adjusted in this research. The protocol of this systematic
review has been registered on The Open Science Frame-
work (OSF) (available at https://osf.io/fcxsy/)

Study selection

The authors separately screened the studies by the title and
abstract to eliminate those unrelated to the research point of
interest. The full text of selected studies was examined to
discover the inclusion of the related data.

In this systematic review, an accurate search was per-
formed through the available published cross-sectional
studies, case-control studies, and prospective cohort
studies to justify the possible association between Lp(a)
and the incidence of DR in patients with T2DM.

Data extraction

For each selected study, the following variables were
extracted: the first author’s last name, geographic loca-
tion(s), year of publication, number of all the participated
subjects and cases, data source, study type, duration of
follow-up in cohort studies, confounders for adjustment,
and effect size estimates with conforming 95% confidence
intervals (Cis) of all the registered papers. Studies in which
more than one calculation of effect was reported, we se-
lected the ‘most adjusted’ estimate in this research.

Methodological quality assessment

All selected studies were assessed according to the JBI
Critical ~ Appraisal  tools  (https://jbi.global/critical-
appraisal-tools) depending on the study design, using
The JBI Critical Appraisal Checklist for Analytical Cross-
Sectional Studies (11 articles), The JBI Critical Appraisal
Checklist for Case-Control Studies (2 articles), and The JBI
Critical Appraisal Checklist for Cohort Studies (4 articles).

Results

Literature search

Figure 1 presents the Prisma flow diagram of the current
study. Briefly, 5116 studies were retrieved via primary
literature search in PubMed, Scopus, and Google Scholar
databases after excluding the duplications. Among which,
5066 that did not apply to the research purpose had been
excluded after screening the title/abstract of the articles.
Subsequently, 50 potential applicable records went through
full-text review. Of these, 31 were also eliminated. Finally,
17 observational studies, including four prospective cohort
research, "' 1> eleven cross-sectional studies,>* 1>
and two nested case-control studies,>** were included
in the systematic review.

Study characteristics and quality evaluation

The characteristics of the selected articles have been
summarized in Table 1. 17 articles with 4688 patients with
T2DM were covered. The studies were carried out in
Korea,*!'*  China,*"* J apan,7’9’ 15 Republic  of
Serbia,25 Iran,11 the United States,20 India,16’24 Turkey,”’18
Italy,' Egypt*> and Belgium."? The mean ages of the
patients varied from 45 to 70 years. The follow-up duration
of the cohorts ranged from 5 to 11 years.

In 13 articles, Lp(a) was described as a risk factor for
DR7% . 14716, 19, 21225, 4y three studies, there was no
significant association between the serum Lp(a) ranges and
DR in patients with T2DM'”'®2; while another study
reported a significant association between Lp(a) and DR."?

Potential confounding factors adjusted in the studies
included age, smoking, sex, body mass index, HbAlc,
HDL cholesterol, LDL cholesterol, Levels of Lp(a), usage
of antidiabetic pills, and lipid-lowering therapies. Table 2

Discussion

This systematic review of 4688 participants critically as-
sessed the association between LP(a) and DR. It was
concluded that higher Lp(a) levels is generally associated
with increased risks of both the development and severity
of DR.

The relationship between lipoprotein (a) and diabetic
retinopathy was consistent with many of the previous
studies in which Lp(a) was evaluated as a categorical or
continuous variable.”®!'!"'37171925 The included studies
supported the relationship between higher serum Lp (a) and
diabetic retinopathy. Moreover, the link between Lp(a) and
DR appeared more apparent in research from 2017 onwards
than in studies before 2017.%'°7'¥2% Jenkins et al. sug-
gested that Lp(a) could affect the potential relationship
between diabetic retinopathy and atherosclerosis and
proposed Lp(a) as an independent risk factor for micro-
vascular complications of diabetes.”® Yun et al., in a long-
term prospective cohort study, found that even in DM
patients with a mean HbA ;. <7.0%, Lp(a) level remained a
significant risk factor for future DR. However, the elevated
Lp (a) failed to show any effect on the pan-retinal pho-
tocoagulation (PRP) or pars plana vitrectomy (PPV). This
might be because these procedures are indicated for pa-
tients with proliferative retinopathy,'* which takes a more
significant amount of time (more than 20 years) to develop
compared to the timespan of this study.?’

Despite the lack of proper evidence in early studies on
the relationship between LP(a) and DR, recent studies have
suggested some possible mechanisms that clarify the role
of LP(a) as a predictive biomarker."' Lp(a) can affect
oxidized lipids, vascular tone, and perfusion and can en-
hance oxidative stress through the production of reactive
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Identification of studies via databases and registers
‘aumm
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Figure I. PRISMA flow diagram.

Table 1. The search strategy of pubmed, scopus and google scholar.

Results (search date:
Data base  Search terms August 18, 2022)

PubMed ((“Diabetic Retinopathy”’[Mesh] OR (*diabetes Complications”[Mesh]) AND ((“diabetes 119
mellitus, type 2”[Mesh]) OR (“insulin Resistance”’[Mesh]) OR (“glucose
Intolerance”[Mesh])) AND ((“Lipoprotein(a)”’[Mesh]) OR (“LP(a)”[tiab]))

Scopus (( TITLE-ABS-KEY ( diabetic AND retinopathy) OR TITLE-ABS-KEY (diabetic AND 1667
retinopathies) OR TITLE-ABS-KEY (retinopathies, AND diabetic) OR TITLE-ABS-KEY
(retinopathy, AND diabetic) )) AND (( TITLE-ABS-KEY ( lipoprotein AND a) OR TITLE-
ABS-KEY (apolipoprotein*) )) AND (( TITLE-ABS-KEY ( type 2 diabetes AND mellitus) OR
TITLE-ABS-KEY (diabetes AND mellitus, AND noninsulin-dependent) OR TITLE-ABS-
KEY (diabetes AND mellitus, AND type AND ii) OR TITLE-ABS-KEY (type 2 diabetes) OR
TITLE-ABS-KEY (maturity-onset AND diabetes AND mellitus) OR TITLE-ABS-KEY
(diabetes AND mellitus, AND adult-onset)))

Google (“Diabetic retinopathy”) AND (("lp(2)” OR “LP (a)” OR “lipoprotein(a)” OR “lipoprotein 3330

scholar @)”)
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oxygen species (ROS) and inflammation of the vascular
wall.”®*? It has also been related to an endothelial mal-
function.”® It was suggested that increased Lp(a) levels
might lead to DR by damaging the microcirculation.®!
Also, modulated and extravascular plasma lipoproteins
are found to predispose DM patients to retinopathy.*>
Second, lipid peroxidation products activate the canoni-
cal wingless-type MMTYV integration site (WNT) pathway
via oxidative stress, which significantly increases the
chance of developing retinal diseases.’” Third, regions that
contain oxidized LDL(Ox-LDL) in atherosclerotic lesions
are more susceptible to expressing endoplasmic reticulum
(ER) stress markers and ORP150 chaperons. Ox-LDL
could harm many cells, including vascular and neural
cells, and hence may lead to retinal injury. Fourth, Lp(a)
plays a significant role in the activation of acute inflam-
mation, and circulating markers of inflammation can be
associated with more severe diabetic retinopathy.** Fifth,
the prothrombotic properties of LP(a) might also play a role
in promoting retinal damage. Lp(a) is a famous atherogenic
marker with an excessive homology with plasminogen and
anti-fibrinolytic properties. Excessive LP(a) levels have
been considered an independent risk factor for atherogenic
cardiovascular complications in patients with diabetes and
healthy individuals.*® Sixth additionally, cholesterol ac-
cumulation is promoted by LP(a) in macrophages, which
shapes foam cells.*® Also, LP(a) interact with other lipid
variables to stimulate the protease region of apo(a), thereby
subsequently causing atherothrombosis.?” Laboratory and
clinical evidence showed that in addition to microvascular
changes, inflammation, and retinal neurodegeneration may
contribute to diabetic retinal damage in the early stages
of DR.

On the other hand, some research opposes the existence
of an association between Lp(a) and retinopathy. In Deepa
et al. study, 725 South Indian T2DM patients were ob-
served to determine a relationship between LP(a) and di-
abetes complications. However, despite the increased level
of LP(a) in patients with coronary artery disease and ne-
phropathy, no association was found between LP(a) and
DR. One of the reasons for this result is the small sample
size of this study.'® In addition, a cross-sectional study by
Ergun et al. demonstrated that no difference in levels of
serum LP(a) was found between patients with none pro-
liferative DR and proliferative diabetics, thus if there is a
positive relationship between LP(a) levels and proliferative
DR among different patients, it might be due to the genetic
heterogeneity.'®This can be explained by the classification
of retinopathy, type of diabetes, or ethnic groups in each
study.

To the best of our knowledge, this study is the first
systematic review to gather current evidence on the rela-
tionship between LP(a) level and DR in patients with
T2DM. The critical strengths of the systematic review are

detailed as follows: Firstly, research with LP(a) had been
summarized exclusively and derived consistent outcomes,
further validating the quality of the systematic review.
Secondly, using different diabetic retinopathy equivalents
in the included studies did not affect the results
significantly.

This study has some limitations that should be taken into
account. Firstly, there was considerable controversy among
the included research. Study characteristics,”*'"""¥2° like
definitions of diabetic retinopathy, follow-up duration, type
of study, study country, and other factors, might signifi-
cantly contribute to this controversy. Specifically, organic
dietary  products and  medications, including
phytosterol,3 839 flaxseed,*® L-carnitine,*’ and various
lipid-lowering medications**~** that were rarely reported in
the included articles, may affect LP(a) level. In addition,
the final results of diabetic retinopathy should be reported
based on the stages of the disease. However, in the
mentioned studies, various diabetic retinopathy equivalents
were used, and in most of them, the stage of the disease was
not reported. Therefore, we have not been able to dem-
onstrate the relationship between lipoprotein(a) and dia-
betic retinopathy based on the disease stage.

Based on recent studies, LP(a) level could be considered
an independent risk factor for DR complications in T2DM
patients. However, further studies, especially large-scale
prospective cohort research, are needed to determine the
pathophysiological logic of this association.

Conclusions

In conclusion, LP(a) has generally shown a relatively
strong association with DR. Included studies generally
showed that Lp(a) increased the risk of both the devel-
opment and severity of DR. Moreover, both proliferative
and non-proliferative DR could be affected by Lp(a). Based
on the included studies, lipoprotein (a) can affect oxidized
lipids, vascular tone, and perfusion and also increases
oxidative stress via the production of reactive oxygen
species and inflammation across the vascular wall. Further
large-scaled observational studies are required to confirm
the association between Lp(a) and DR and elucidate the
underlying mechanisms.
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