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Abstract \\
Background: Screening and diagnosis of diabetic retinopathy (DR) mainly depends on fundus examination, which is not an |
intuitive and simple screening or diagnostic method. Recently, the relationship between platelet parameters and DR has become a
hot topic. Whether platelet parameters have clinical value in DR is controversial.

Methods: Literature was retrieved by formal search of electronic databases (PubMed, Embase, Cochrane library, Scopus, and
CNKI) and by hand searching of reference lists of related articles from the beginning of building database to December 2017. Review
manager 5.3 was utilized to deal with statistical data. This study was registered at International Prospective Register of Systematic
Reviews (number: CRD42018093773).

Results: This study included 1720 DR patients, 1477 type 2 diabetic mellitus (T2DM) without DR patients and 1456 health controls
in 21 eligible studies. We found there was significant increase of platelet distribution width (PDW) level in the comparison of DR versus
Control group (standard mean difference [SMD] [95% confidence interval [Cl]]=1.04 [0.68, 1.40]) and DR versus T2DM without DR
group (SMD [95% Cl]=0.68 [0.40, 0.95]). For platelet count (PLT), it showed obvious decrease in the comparison of DR versus T2DM
without DR group (SMD [95% Cl]=—0.26 [—0.49, —0.03]) and no difference in comparison of DR versus Control (SMD [95% Cl]=—
0.26 [-0.51, —0.00]). Subgroup analysis showed that significant result of PDW level appeared in China and Turkey in all
comparisons, while similar results of PLT only in China. In addition, PDW level was different in various DR-subtypes, obvious high level
in proliferation DR.

Conclusions: \We concluded that the guiding significance of PDW and PLT in diagnosis and monitor of DR, and especially,
application of PDW to PDR management may have potential sense.

Abbreviations: Cl = confidence interval, DM = diabetic mellitus, DR = diabetic retinopathy, NOS = Newcastle-Ottawa scale,
NPDR = nonproliferative diabetic retinopathy, PCT = plateletcrit, PDR = proliferative diabetic retinopathy, PDW = platelet distribution

width, PLT = platelet count, SMD = standard mean difference, T2DM = type 2 diabetic mellitus.
Keywords: diabetic retinopathy, meta-analysis, platelet count, platelet distribution width, plateletcrit

1. Introduction

Diabetic retinopathy (DR) is one of the most common causes for
blindness and vision impairment worldwide, and the proportion
of DR-related blindness still is rising. The latest data showed that
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DR accounted for 3.1% to 4.9% of the blindness burden of
Europe (vs 1.1% of world blindness burden).! DR is a
microvascular complication of diabetic mellitus (DM), a common
chronic metabolic disorder, which makes DR more widespread.
Nowadays, 3 major treatments of DR are performed, including
laser photocoagulation, pharmacotherapy, and vitrectomy,
which are effective to reduce vision impairment.”! However,
patients with DR would require long-term treatment and
rehabilitation, which lead them suffering from psychological
pain and economic burden.

DR is a specific change of ocular fundus abnormalities,
characterized by the progressive damage in the retinal microvas-
culature.®! It can be classified into proliferation DR (PDR) and
nonproliferative DR (NPDR). The stage of PDR is characterized
by retinal neovascularization on the optic disc or elsewhere on the
retina, which could lead to many complications including retinal
detachment, hemorrhage, and glaucoma.* The pathophysiology
of NPDR is featured with abnormal permeability of retinal
capillaries leading to retinal edema, and closure of capillaries
leading to retinal nonperfusion and ischemia.! Either of them is
associated with the microvascular injury and microcirculation
disorders of ocular fundus, which indicated that changes of
hemorheology may affect the progression of DR.
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It is reported that some important cell surface components in the
vasculature are altered in a pathological fashion in the hypergly-
cemic environment during diabetes, which produce the features of
progressive DR pathophysiology, including blood-retinal barrier
dysfunction, increased expression of inflammatory cell markers,
and adhesion of blood leukocytes and platelets.'*”! Among them,
platelet plays an important role in the process of microthrombus
formation caused by microcirculation changes, which is a possible
pathogenic factor of DR.®! Platelet distribution width (PDW),
platelet count (PLT), and plateletcrit (PCT) are important
parameters to reflect the characteristics of platelet. PDW is a
marker for measuring the variation of platelet volume and high-
level PDW has been reported in diabetic patients recently,
especially in these with cardiovascular deceases’®! and microvas-
cular complications in diabetes mellitus."®" And PLT also was
reported to be an independent risk factor for type 2 diabetic
mellitus (T2DM) and diabetic nephropathy.*!!

At present, the diagnosis of DR still depends on fundus
examination, whose applications of early detection and manage-
ment of DR are relatively limited. Therefore, it is important to
look for easier ways to diagnose DR. Although many studies
mentioned above have revealed the association of hemostatic and
microthrombus abnormalities with T2DM, there were inconsis-
tent conclusions focusing on the relationship between hemostatic
parameters and risk of DR. Therefore, the aim of this study was
to assess and quantify the differences in PDW, PLT, and PCT
comparing subjects with DR, T2DM without DR, and control
group, for exploring the clinical prediction of hemostatic
parameters for DR.

2. Methods

2.1. Literature search and identification

Literature was retrieved by formal search of electronic databases
(PubMed, Embase, Cochrane library, Scopus, and CNKI) and by
hand searching of reference lists of related articles from the
beginning of building database to December 2017. The following
keywords were used for searching: “diabetic retinopathy,”
“platelet distribution width” or “PDW” or “PLT” or “platelet
count” or “plateletcrit” or “PCT.” The retrieval strategy of
PubMed as follow: (((((platelet distribution width[Title/Abstract]
OR PDW/[Title/Abstract])) OR (platelet count[Title/Abstract]
OR PLT([Title/Abstract] OR (plateletcrit[Title/Abstract] OR
PCT][Title/Abstract])) OR platelet[Title/Abstract])) AND (((((Di-
abetic Retinopathies[Title/Abstract] OR Retinopathies, Diabetic
[Title/Abstract] OR Retinopathy, Diabetic[Title/Abstract])) OR
Diabetic retinopathy|[Title/Abstract])) OR “Diabetic Retinopa-
thy”[Mesh]) Filters: Humans. This systematic review and meta-
analysis is reported in accordance with the preferred items for
systematic reviews and meta-analysis statement'?! and was
registered at the International Prospective Register of Systematic
Reviews (number: CRD42018093773). Because this is a
secondary study, ethical approval was not necessary.

The following inclusion criteria were adopted for the studies:

1. Published literatures related to the association of PDW or PLT
level with DR;

2. Independent case-control studies, cohort study, cross-sectional
studies, or randomized controlled trials;

3. The original studies must provide the number of each group
and the mean and standard of PDW or PLT;
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. English and Chinese language articles;

5. DR and T2DM patients without other diseases affecting
platelet activity, such as cardiovascular disease;

6. DR and T2DM patients did not use anticoagulant or

coagulant.

Studies were excluded if:

. review articles and editorials;
. case report, animal studies;

. no-related studies;

. insufficient data.

AW =

2.2. Quality assessment and statistical analysis

Study quality was assessed by the Newcastle-Ottawa scale
(NOS). Each study was evaluated and scored based on 3 criteria:
selection (4 stars), comparability (2 stars), and exposure (3 stars).
The NOS point scale ranged from 0 to 9 stars, the researches with
NOS >7 stars were considered high quality. Two investigators
independently assessed the quality of the included studies, and the
results were reviewed by a third investigator. Disagreement was
resolved by discussion. We utilized Review manager 5.3 to
perform the meta-analysis in the present study. Heterogeneity
among studies was assessed by I* statistic, P <.10 and I* > 50%
indicated evidence of heterogeneity. If heterogeneity existed
among the studies, the random effects model was used to estimate
the pooled standard mean difference (SMD). Otherwise, the fixed
effects model was adopted. The SMD and corresponding 95 %
confidence interval (CI) was utilized to assess the associations.
Subgroup analysis about exploring the relationship between
PDW and DR sub-type and the impact of PLT on PDW was
performed. Sensitivity analyses by changing effect models were
performed to estimate stability of the summary effect. The
potential publication bias was investigated using funnel plot.

3. Results

3.1. Study selection and characteristics

Based on the search strategy, 21 case-control studies!'>=?! from
Turkey, China, and India, meet the inclusion criteria and were
pooled finally. One study®* only explore value of platelet
parameters in NPDR and PDR, so we include it to perform
subgroup analysis about DR sub-type. Quality assessment of all
included studies was 6 to 9, and high-quality (>7) studies
accounted for 71.4%. Size of DR patients was from 25 to 174,
from 20 to 328 for T2DM without DR and from 20 to 200 for
healthy Control. Flow diagram for literature selection was shown
in Figure 1, and characteristics of included studies were exhibited
in Table 1.

4. Meta-analysis

4.1. Platelet distribution width

The results of PDW were summarized in Figure 2. Meta-analysis
showed there was significant difference in the Comparison of DR
and Control group, the result showed that PDW level in DR
group was higher than that in Control group (SMD [95% CI]=
1.04 [0.68, 1.40]) with significant heterogeneity (P <.00001, I*=
94%). Compared DR with T2DM without DR, the result showed
that PDW level in DR group was also higher than that in T2DM
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Figure 1. Flow diagram for literature selection.
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Full-text articles excluded,
with insufficient data
(n=10)

Characteristics of included studies.

Detected in MPV/PDW/PLT

Author Location, yr DR (n) T2DM without DR (n) Control (n) PCT PDW PLT Quality assessment
Yilmaz et al Turkey, 2016 174 88 85 Y Y Y 9
Citirik et al Turkey, 2015 97 43 40 Y Y 8
Tetikoglu et al Turkey, 2016 136 63 76 Y Y Y 7
Miberra et al Turkey, 2016 120 158 107 Y Y Y 8
Ayhan et al Turkey, 2014 122 70 100 Y 9
Gungor et al Turkey, 2016 52 50 50 Y 9
Buch et al India, 2017 80 162 200 Y 6
Li et al China, 2016 47 52 48 Y Y Y 8
Zhou et al China, 2016 51 328 96 Y 6
Wang et al China, 2015 90 50 50 Y 7
Huang et al China, 2003 17 21 30 Y Y 8
Ma et al China, 2017 40 20 20 Y Y Y 8
Niu et al China, 2013 25 20 20 Y Y 8
Sheng et al China, 2017 102 102 102 Y Y Y 7
Xu et al China, 2012 40 45 40 Y Y 6
Zhang et al China, 2012 80 80 80 Y Y 6
Zhou et al China, 2008 58 70 70 Y 7
Bin et al China, 2016 95 96 Y 6
Dong et al China, 2009 106 82 Y Y Y 8
Du et al China, 2013 108 55 64 Y Y Y 8
Wang et al China, 2014 80 Y Y 6

DR =diabetic retinopathy, MPV=mean platelet volume, PDW = platelet distribution width, PLT=platelet count, T2DM without DR =type Il diabetic mellitus without DR, Y =yes.
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DR Control
_Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl
Buch et al (2017) 14.92 4.14 80 1536 1.21 200 6.6%
Citirik et al (2015) 15.03 1.17 97 1464 1.16 40 6.4%
Dong et al (2009) 16.75 191 106 16.02 1.16 82 6.6%
Du et al (2013) 11.99 1.95 108 10.82 1.53 64 6.5%
Huang et al (2003) 14.07 1.9 17 122 128 30 56%
Lietal (2016) 16.17 1.66 47 13.77 2.99 48 6.3%
Ma et al (2017) 17.88 2.31 40 15.42 3 20 5.9%
Miberra et al (2016) 162 05 120 16 05 107 6.6%
Niu et al (2013) 18.12 1.25 20 14.72 1.21 20 4.9%
Sheng et al (2017) 12.04 188 102 10.78 1.58 102 6.6%
Tetikoglu et al (2016) 17.09 243 136 169 06 76  6.6%
Wang et al (2015) 19.56 2.04 99 168 1.2 50 64%
Xu et al (2012) 17.41 142 40 14.69 1.1 40 59%
Yilmaz et al (2016) 13.58 123 174 1219 1.36 85 6.6%
Zhang et al (2012) 14.76 1.38 80 12.81 1.43 80 6.5%
Zhou et al (2008) 167 08 58 147 06 70 6.1%
Total (95% CI) 1324 1114 100.0%

Heterogeneity: Tau® = 0.48; Chi? = 239.45, df = 15 (P < 0.00001); I* = 94%
ATest for overall effect: Z = 5.70 (P < 0.00001)

DR T2DM without DR
_Study or Subgroup  Mean SD Total Mean SD Total Weight

Std. Mean Difference

Std. Mean Difference

Std. Mean Difference
IV, Random.95%Cl

-0.18 [-0.44, 0.08]
0.33 [-0.04, 0.70]
0.45[0.16, 0.74]
0.65 [0.33, 0.96]
1.21[0.56, 1.86]
0.98 [0.55, 1.41]
0.95[0.38, 1.51]
0.40 [0.14, 0.66]
2.71 [1.83, 3.59]
0.72[0.44, 1.01]
0.10 [-0.19, 0.38] Y Fo

1.63 [1.24, 2.02] e
2.11 [1.56, 2.67] —*
1.09 [0.81, 1.36] R
1.38[1.04, 1.73] ——
2.85 [2.35, 3.35] ¥
1.04 [0.68, 1.40] ~=alipe-

4 05 0 05 1
Favours [experimental] Favours [control]

Std. Mean Difference

IV, Random, 95% ClI IV, Random, 95% CI

Buch et al (2017) 14.92 4.14 80 13.71 3.39 162 7.2%
Citirik et al (2015) 1503 147 97 1485 127 43  6.9%
Du et al (2013) 1199 195 108 11.25 1.88 55 7.0%
Huangetal (2003)  14.07 19 17 1403 21 21  54%
Lietal (2016) 1617 166 47 138 332 52 6.6%
Ma et al (2017) 17.88 2.31 40 15.66 237 20 5.8%
Miberraetal (2016) 162 05 120 162 0.8 158 7.4%
Niu et al (2013) 18.12 1.256 25 16.05 1.56 20 5.3%
Sheng et al (2017) 12.04 1.88 102 11.31 1.67 102 7.2%
Tetikoglu et al (2016) 17.09 243 136 168 07 63 7.1%
Wang et al (2015) 19.56 2.04 99 17.6 1.8 50 6.9%
Xu etal (2012) 1741 142 40 1598 123 45 64%
Yilmaz et al (2016) 13.58 1.23 174 13.02 1.29 88 7.3%
Zhang et al (2012) 1476 138 80 1281 143 80 6.9%
Zhou et al (2008) 167 08 58 151 09 70 66%
Total (95% CI) 1223 1029 100.0%

Heterogeneity: Tau? = 0.25; Chi* = 124.27, df = 14 (P < 0.00001); I* = 89%
BTesl for overall effect: Z = 4.88 (P < 0.00001)
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Figure 2. Meta-analysis for platelet distribution width in DR and Control (A) and DR and T2DM without DR (B). DR =diabetic retinopathy, T2DM =type 2 diabetic

mellitus.

without DR group (SMD [95% CI]=0.68 [0.40, 0.95]) with
significant heterogeneity (P <.00001, I*=89%). Therefore, the
random-effects model was applied to perform meta-analysis.

4.2. Platelet count

The results of PLT were summarized in Figure 3. The pooled
SMD did not evidence statistically different values of PLT with
DR compared to Control group (SMD [95% CI]=-0.26 [-0.51,
—0.00]), while, compared to T2DM without DR, PLT level
decreased in DR (SMD [95% CI]=—0.26 [—0.49, —0.03]). I” test
indicated that the heterogeneity was significant (P <.00001, I* =
88%, I*=21%). Therefore, the random-effects were applied to
perform meta-analysis.

4.3. Plateletcrit

As shown in Figure 4, there was no significant difference of PCT
with DR compared to Control group (SMD [95% CI]=0.08
[-0.10, 0.25]) and T2DM without DR (SMD [95% CI]=0.39

[—0.14, 0.93]). Given obvious heterogeneity, likewise, random-
effects were performed.

4.4. Subgroup analysis

Subgroup analysis was performed to explore the differences of
PDW and PLT in country and subtype (Table 2). We discovered
that, no matter of DR versus Control and DR versus T2DM
without DR, PDW exhibited significant differences in both China
and Turkey, while similar results of PLT only in China. In DR
subtype, evidences of PDW also in PDR versus Control (SMD
[95% CI]=0.73 [0.24, 1.22]), PDR versus T2DM without DR
(SMD [95% CI]=0.49 [0.11, 0.88]) and PDR versus NPDR
(SMD [95% CI]=0.28 [0.02, 0.54]), but PLT did not showed any
difference in subtype.

4.5. Sensitive analysis and publication bias

Sensitive analysis was analyzed by changing effect model, and
results suggested all of the summary effect didn’t change
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dv o baroup Mean
Ayhan et al (2014) 263.34 66.02 122
Bin et al (2016) 21011 2964 95
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Figure 3. Meta-analysis for platelet count in DR and Control (A) and DR and T2DM without DR (B).
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Figure 4. Meta-analysis for platelet count in DR and Control (A) and DR and T2DM without DR (B).
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DR=diabetic retinopathy, T2DM =type 2 diabetic mellitus.
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Summary of standardized mean differences among subgroups.
Group Comparison SMD (95% Cl) (Random effect model) P value P (%)
PDW
Country
China DR versus Control 1.38 (0.95,1.81) <.00001 92
DR versus T2DM 0.94 (0.60,1.28) <.00001 85
Turkey DR versus Control 0.48 (0.04,0.92) <.00001 89
DR versus T2DM 0.21 (0.03,0.38) =10 48
DR sub-type
NPDR versus Control 0.50 (—0.08, 1.08) <.00001 89
PDR versus Control 0.73 (0.24,1.22) =.0002 85
NPDR versus T2DM 0.33 (—0.18, 0.84) =.009 79
PDR versus T2DM 0.49 (0.11,0.88) =.06 64
PDR versus NPDR 0.28 (0.02, 0.54) =22 32
PLT
Country
China DR versus Control —0.41 (—0.76,—0.05) <.00001 89
DR versus T2DM —0.46 (—0.81,—0.11) <.00001 83
Turkey DR versus Control —0.01 (—0.37,0.34) <.00001 87
DR versus T2DM 0.02 (—0.15,0.19) =15 41
DR sub-type
NPDR versus Control —0.41 (—0.93, 0.10) <.00001 91
PDR versus Control —0.35 (—0.82, 0.12) <.00001 90
NPDR versus T2DM —0.23 (—0.58, 0.11) =.002 69
PDR versus T2DM —0.34 (—0.89,0.20) <.0001 88
PDR versus NPDR —0.19 (—0.56, 0.18) =.004 74

Cl=confidence interval, DR = diabetic retinopathy, NPDR =nonproliferative diabetic retinopathy, PDR = proliferative diabetic retinopathy, PDW = platelet distribution width, PLT = platelet count, SMD = standard

mean difference, T2DM =type Il diabetic mellitus without retinopathy.

significantly, except for PLT in DR vs Control [SMD(95%CI) = —
0.31 (—0.21,—0.04)] (Table 3). Results of publication bias were
shown in Figure 4, and funnel plots exhibited good symmetry
(Figure 5). Given small-sized studies included, we didn’t conduct
publication bias about PLT and PCT.

5. Discussion

DM is a growing health problem and accompanied by a high risk
of vascular complications, of which DR is the leading cause of
blindness in the working-aged population in the United States.**!
We keep hope to prevent blindness due to DR via adequate
screening with technology. Studies have shown that some
changes of hemorheology would occurred in DM, especially
PLT parameters, which leads to pathological changes of
blood vessels.'®11:3351 Ag 2 important parameters of platelet,
PDW and PLT attracted researchers’ attention and different
opinions about whether they differ between patients and healthy
controls were proposed. Thus, we systematically reviewed and

summarized through a meta-analysis to explore the relationship
between platelet parameters and DR, for identifying biomarkers
for early detection of diabetic complications.

Studies showed that increased procoagulant factors and
tissue factor associated with impaired fibrinolysis, platelet
hyperreactivity, endothelial dysfunction, leukocyte activation,
low-grade inflammation, and microparticle involvement, they
all play a role in the establishment of this prothrombotic
condition.”! Changes in hemorheology derived from these
factors lead to the occurrence of diabetic complications. For
DR, the risk factors can be inducted to hyperglycemia,
hypertension, dyslipidemia, and diabetes duration.!*®! Studies
considered that the most notable reactome pathway of DR was
“platelet degranulation.”’®”! In addition, procoagulant activity
in DR patients may be partly ascribed to phosphatidylserine
exposure and microparticles release from blood and endothelial
cells.®® Thus, platelets contribute cooperatively to the
hypercoagulable state of DR patients and play an important
role in formation of DR.

Sensitive analysis about the contribution of single study on the summary results.

Group Comparison SMD (95% CI) (Fixed-effect model) P value P (%)
PDW DR versus Control 0.74 (0.65,0.83) <.00001 94
DR versus T2DM 0.54 (0.45,0.63) <.00001 89
PLT DR versus Control —0.31 (-0.21,-0.04) <.00001 88
DR versus T2DM —0.14 (—0.24,—0.05) <.00001 82
PCT DR versus Control —0.06 (—0.04,0.16) =.005 64
DR versus T2DM —0.01 (—0.13,0.10) =.49 0

Cl=confidence interval, DR=diabetic retinopathy, PCT=plateletcrit, PDW=platelet distribution width, PLT =platelet count, SMD =standard mean difference, T2DM=type Il diabetic mellitus without

retinopathy.
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Figure 5. Funnel plots for the difference of PDW in DR versus Control (A) and DR versus T2DM without DR (B). DR=diabetic retinopathy, PDW =platelet

distribution width, T2DM=type 2 diabetic mellitus.

Platelets are the smallest cells in the blood and hold the
physiological characteristics such as adhesion, aggregation, and
release. They participate in the hemostasis and coagulation
process of the human body and maintain the integrity of the
blood vessel wall. Increased activation and aggregation of
platelets are important causes of vascular complications in
diabetes.!™ In our study, there were no differences between DR
and control group in PLT level, which was consistent with other
studies,>”*° while compared with T2DM without DR, PLT level
decreased significantly. We conjectured that consumption during
coagulation mainly attributes to decreased PLT in DR patients. In
addition, PCT, the percentage of platelets in blood per unit
volume, exhibited no evidence in the comparisons, no matter of
DR versus Control and DR versus T2DM without DR.

PDW can directly measure the variability in platelet size, and its
high values suggest increased production of larger reticulated
platelets,*!! which is associated with thrombotic formation. In
the pooled analysis of PDW, we reached the conclusion that high
values appeared in DR compared to either T2DM without DR

group or healthy control group, and it not only indicated the
clinical value of platelet in the direct screening of DR in type II
diabetic patients and healthy people, but also that PDW may be
associated with the risk of retinopathy of T2DM. In addition,
sensitive analysis and publication bias exhibited our results were
reliable.

As for subgroup analysis, we found that significant difference
of PDW level in the comparisons, which included China and
Turkey, but similar results of PLT only appeared in China.
Therefore, geographical area may be a potential factor. For DR-
type and stage, there was significant difference in the comparisons
of PDR versus Control group, versus T2DM without DR group
and versus NPDR group. Thus, PDW has the potential to be
applied for PDR management. While PLT did not exhibit such
significance.

Of course, we need point out some limits in our article. First,
the heterogeneity could not be explained completely, even if
subgroup analysis was conducted. Second, we could not ensure
all of factors match due to case-control studies included. Third,
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difference caused by geographical area was not clear. Finally, we
failed to reveal the reason of results of PCT. Taking account of
the limits in this study, more rigorous and high-quality researches
need to be implemented to further confirm our conclusions.

In conclusion, our studies indicated that the guiding signifi-
cance of PDW in diagnosis and monitor of DR, especially PDR,
and application of PLT for Chinese DR patients is worthy to be
explored. PDW and PLT are easily accessible platelet parameters,
so they may be of great significance for monitoring the
development and progression of DR.
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