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ABSTRACT

This systematic review and meta-analysis aimed to assess the predictive value of diabetic retin-
opathy (DR) on further diabetic nephropathy (DN) risk in patients with type 2 diabetes (T2D)
based on the prospective cohort studies. PubMed, Embase, and the Cochrane Library were sys-
tematically searched for eligible prospective cohort studies through March 2020. The predictive
value of DR was assessed using sensitivity, specificity, positive likelihood ratio (PLR) and negative
likelihood ratio (NLR), diagnostic odds ratio (DOR), and area under the receiver operating charac-
teristic curve (AUC) through the bivariate generalized linear mixed model and the random-effects
model. Ten prospective cohort studies recruited 635 patients with T2D. The pooled sensitivity
and specificity of DR for predicted DN were noted to be 0.64 (95% Cl, 0.54-0.73) and 0.77 (95%
Cl, 0.60-0.88), respectively. The pooled PLR and NLR of DR for predicted DN were 2.72 (95% Cl,
1.42-5.19) and 047 (95% Cl, 0.33-0.67), respectively. The summary DOR for the relationship
between DR and subsequent DN for T2D patients was 5.53 (95% Cl, 2.00-15.30), and the AUC of
DR for predicted DN was 0.73 (95% Cl, 0.69-0.77). This study found significant associations
between DR and subsequent DN risk for patients with T2D. Moreover, the predictive value of DR
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on subsequent DN risk was relatively lower.

Introduction

Diabetes is one of the most crucial global health prob-
lems. Nearly 425 million diabetic patients exist across
the world and this figure is expected to rise to 693 mil-
lion by 2045 [1,2]. Patients with diabetes are character-
ized by hyperglycemia, metabolic abnormalities, and
complications on the blood vessels, eyes, kidneys, and
nerves [3]. More than 80% of diabetic patients have
type 2 diabetes (T2D), which is characterized by slow
onset, heterogeneous disorder, and effects of environ-
mental factors and polygenetic inheritance [4]. Diabetic
nephropathy (DN), as a common complication for dia-
betic patients, is increasing owing to the rapid rise of
the prevalence of T2D, which accounts as the leading
cause of chronic kidney and end-stage renal diseases
[5]. A study has already demonstrated that hypergly-
cemia was an independent risk factor for the progres-
sion of diabetic retinopathy (DR) and DN, and patients

presenting with each complication could progress to
other complications [6].

The progression of DR and DN for patients with T2D
was discordant. The Renal Insufficiency and
Cardiovascular Events study found that the progression
of DN did not affect 41.4% of T2D patients with
advanced DR [7]. Glycemic variability over the long
term was found not to affect the progression of DR but
could predict the presence of DN [8]. These results
could be explained by the pathogenesis of DR and DN
which could be affected by different risk factors.
Moreover, the previous meta-analysis has already found
that DR should be regarded as a useful status for diag-
nosing and predicting DN for patients with T2D.
However, this result could mostly bias the available evi-
dence designed as retrospective studies [9]. Therefore,
the current systematic review and meta-analysis were
conducted to assess the predictive value of DR on the
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progression of DN for patients with T2D based on pro-
spective cohort studies.

Materials and methods

Data sources, search strategy, and
selection criteria

The preferred reporting items for systematic reviews
and meta-analysis statement issued in 2009 was applied
to guide the performance and report of this study [10].
Study designed as prospective cohort and investigated
the role of DR on the progression of DN for patients
with T2D were eligible in our meta-analysis. No restric-
tions were placed on publication language and status.
PubMed, Embase, and the Cochrane Library were sys-
tematically searched through March 2020 for the use of
the terms (biopsy or pathology) AND DN AND DR AND
(diagnosis or etiology or pathology). The details regard-
ing the search strategies in PubMed, Embase, and the
Cochrane Library are summarized in Supplemental 1.
The reference lists from relevant review and studies
were also manually searched to identify any new study
meeting the inclusion criteria. Moreover, relevant
articles that cited retrieved studies were reviewed to
check if the data was not available in original articles.

The literature search and study selection were per-
formed by two reviewers (LY and SX). Disagreements
between reviewers were resolved by a discussion until
a consensus is reached. The inclusion criteria in this
study are (1) patients (all of the patients diagnosed
with T2D), (2) exposure and control (DR and non-DR
patients with T2D), (3) gold reference (DN based on kid-
ney biopsy findings) (4) outcomes (true/false positive
and true/false negative), and (5) study design (all study
designed prospective cohort). Studies with retrospect-
ive designs were excluded to avoid uncontrolled selec-
tion and confounder biases.

Data collection and quality assessment

Two reviewers independently performed data abstrac-
tion and quality assessment (YQ and GX). Moreover,
inconsistencies between reviewers were settled by an
additional reviewer (CA) who conducted full-text evalu-
ations. The following items were abstracted: first
authors’ surname, publication year, country, sample
size, mean age, male percentage, duration of diabetes,
DR diagnostic criteria, DN diagnostic criteria, true/false
positive, and true/false negative. The Newcastle-Ottawa
Scale (NOS) was applied to assess the quality of
included studies based on selection (four items), com-
parability (one item), and outcome (three items) [11].

The staring system of NOS for each study ranged from
0 to 9. Studies with seven or more stars were consid-
ered as high quality.

Statistical analysis

The sensitivity, specificity, positive likelihood ratio (PLR),
negative likelihood ratio (NLR), diagnostic odds ratio
(DOR), and area under the receiver operating character-
istic curve (AUC) were calculated based on the true/
false positive and true/false negative in each study
before data pooling. To assess the pooled predictive
parameters, the bivariate generalized linear mixed
model and random-effects model were then applied
[12-14]. Heterogeneity across included studies was
assessed using the /* and Q statistics. Significant hetero-
geneity was defined as p <.10 [15]. Sensitivity analysis
was also conducted to assess the stability of DOR for
the role of DR on the risk of DN in patients with T2D
[16]. Subgroup analyses for sensitivity, specificity, PLR,
NLR, DOR, and AUC were also conducted based on the
country, mean age, male percentage, and study quality.
On the other hand, the differences between subgroups
were also assessed using the interaction P test [17].
Publication bias was also assessed by using the funnel
plot and Deeks’ asymmetry test [18]. The inspection
level was two-sided, and p < .05 was regarded as statis-
tically significant. The STATA software version 10.0
(Stata Corporation, College Station, TX) was applied in
the conduct of all statistical analyses.

Results
Literature search

A total of 1846 articles were identified through system-
atically searching the predefined electronic databases
and 941 articles were retained after duplicate studies
were excluded. However, 912 studies were further
excluded owing to the reporting of irrelevant topics.
The remaining 29 studies were retrieved for further full-
text evaluations. Furthermore, 19 studies were excluded
owing to the retrospective design (n=12), insufficient
data (n=4), and other types of diabetes (n=23).
Reviewing the reference lists of the remaining 10 stud-
ies did not yield a new study that met the inclusion cri-
teria. Finally, 10 prospective cohort studies were
selected for the final meta-analysis (Figure 1) [19-28].

Study characteristics

The baseline characteristics of the included studies and
enrolled patients are shown in Table 1. These studies
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Articles from PubMed, EmBase
and the Cochrane (n=1846)

Additional records identified

from manually search (n=3)

N

Articles identified after duplicate removed (n=941)

Abstracts and title excluded

during first screening (n=912)

Articles reviewed in details (n=29)

Articles excluded (n=19)
Retrospective design (n=12)

No sufficient data (n=4)
Other type diabetes (n=3)

10 studies included in meta-analysis

Figure 1. Flowchart of literature search and the selection process of the studies.

were published between 1994 and 2015, and 34-110
patients were included in each individual study. The
mean age of included patients ranged from 46.3 to
59years, and the male percentage ranged from 41.3%
to 94.1%. Four and six studies were conducted in
Europe and Asia, respectively. Study quality was
assessed by using the NOS; two studies had eight stars,
four studies had seven stars, and the remaining four
studies had six stars.

Sensitivity and specificity

The pooled sensitivity and specificity were noted to be
0.64 (95% Cl, 0.54-0.73) and 0.77 (95% Cl, 0.60-0.88),
respectively, after pooling all of the included studies
(Figure 2). Significant heterogeneity (P=68.3%; p <.01)
and specificity (P=82.9%; p <.01) were noticed across
included studies. Subgroup analysis suggested that the
sensitivity of DR in younger patients was higher than in
elderly patients (p=.032; Table 2). However, country,
mean age, male percentage, and study quality did not
affect the specificity of DR for predicted DN in patients
with T2D (Table 2).

Positive and negative likelihood ratio

After pooling all of the included studies, the summary
PLR and NLR of DR for predicted DN in patients with
T2D were 2.72 (95% Cl, 1.42-5.19) and 0.47 (95% (I,
0.33-0.67), respectively (Figure 3). Moreover, significant
heterogeneity among included studies for PLR
(I’P=77.1%; p<.01) and NLR (P=72.7%; p <.01) were
detected. Subgroup analysis suggested that the PLR in
younger patients was higher than in elderly patients
(p=.038; Table 2). However, country, mean age, male
percentage, and study quality did not affect the NLR of
DR for predicted DN in patients with T2D (Table 2).

Diagnostic odds ratio

After pooling all of the included studies, DR was noted
to be associated with an increased risk of DN in patients
with T2D (DOR, 5.53; 95% Cl, 2.00-15.30; p=.001;
Figure 4). Moreover, significant heterogeneity exists
across included studies (*=79.8%; p <.01). Sensitivity
analysis suggested the pooled conclusion of robustness
that was not altered by the sequential exclusion of
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Figure 2. The summary sensitivity and specificity of DR on subsequent DN in patients with T2D.

individual study (data not shown). Subgroup analysis
suggested that the DOR in younger patients was signifi-
cantly higher than in elderly patients (p =.004; Table 2).

Area under the receiver operating
characteristic curve

The summary AUC of DR for predicted DN in patients
with T2D was 0.73 (95% Cl, 0.69-0.77; Figure 5).
Subgroup analyses found that the AUC for predicting
DN was high in pooled studies with younger mean age
(p <.001), male percentage <65.0% (p <.001), or study
with high quality (p <.001; Table 2).

Publication bias

Reviewing the funnel plot could not rule out the poten-
tial publication bias of DR for predicted DN in patients
with T2D (Figure 6). Moreover, the Deeks’ test detected
no significant publication bias (p =.35).

Discussion

The complications of T2D contribute to a series of glo-
bal health problems and will remain so because
patients have so far been relatively easily attacked by
long-term T2D duration. With the use of published data
from 10 prospective cohort studies, this systematic
review and meta-analysis have identified the predictive
value of DR on subsequent DN for patients with T2D.
This study included 635 patients with T2D across a
wide range of characteristics. In addition, this study
found that the predictive value of DR on subsequent
DN for patients with T2D was mild. Moreover, the pre-
dictive value of DR could be affected by mean age,
male percentage, and study quality. Finally, the mean
age of patients should be introduced as an important
factor because it could affect sensitivity, PLR, DOR, and
AUC. However, the male percentage and study quality
affected just the AUC of DR for predicted DN in patients
with T2D.

A previous meta-analysis included 26 studies and
found that the sensitivity and specificity of DR for
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Table 2. Subgroup analyses.

p Value
Effect estimate p Value Ratio between between
Parameters Factors Subgroup and 95%Cl P (%) for Q statistic subgroups subgroups
Sensitivity Country Europe 0.67 (0.32-0.90) 83.4 <.01 1.00 (0.59-1.69) 1.000
Asia 0.67 (0.60-0.74) 29.5 21
Mean age (years) >50.0 0.53 (0.42-0.63) 47.5 13 0.78 (0.62-0.98) .032
<50.0 0.68 (0.61-0.75) 383 A7
Percentage male (%) >65.0 0.67 (0.58-0.75) 66.7 .01 1.24 (0.90-1.72) 193
<65.0 0.54 (0.38-0.69) 65.7 .03
Study quality High 0.69 (0.45-0.85) 80.1 <.01 1.15 (0.80-1.66) 452
Low 0.60 (0.49-0.70) 0.0 51
Specificity Country Europe 0.65 (0.32-0.88) 76.0 .01 0.79 (0.47-1.34) 389
Asia 0.82 (0.67-0.91) 80.2 <.01
Mean age (years) >50.0 0.62 (0.24-0.89) 76.6 .01 0.72 (0.37-1.39) 0.331
<50.0 0.86 (0.79-0.91) 48.0 .10
Percentage male (%) >65.0 0.67 (0.43-0.85) 84.7 <.01 0.78 (0.55-1.10) 161
<65.0 0.86 (0.78-0.91) 38.1 18
Study quality High 0.81 (0.71-0.88) 68.5 .01 1.04 (0.53-2.02) 912
Low 0.78 (0.26-0.97) 88.4 <.01
PLR Country Europe 1.93 (0.67-5.56) 72.0 <.01 0.52 (0.15-1.83) .308
Asia 3.72 (1.87-7.38) 71.1 <.01
Mean age (years) >50.0 1.38 (0.46-4.12) 15.5 .06 0.29 (0.09-0.94) .038
<50.0 4.79 (3.12-7.36) 4.2 .08
Percentage male (%) >65.0 2.02 (0.95-4.28) 79.8 <.01 0.53 (0.21-1.35) 185
<65.0 3.78 (2.20-6.50) 11.9 .07
Study quality High 3.54 (2.35-5.32) 125 .05 1.32 (0.19-9.03) .780
Low 2.69 (0.41-17.70) 79.6 <.01
NLR Country Europe 0.50 (0.16-1.58) 79.7 <.01 1.25 (0.38-4.07) 711
Asia 0.40 (0.30-0.53) 63.8 .02
Mean age (years) >50.0 0.77 (0.37-1.60) 77.2 <.01 2.08 (0.96-4.50) .062
<50.0 0.37 (0.29-0.47) 571 .05
Percentage male (%) >65.0 0.50 (0.29-0.84) 78.6 <.01 0.94 (0.49-1.80) 0.860
<65.0 0.53 (0.37-0.77) 66.8 .03
Study quality High 0.39 (0.20-0.73) 73.5 <.01 0.75 (0.29-1.92) .548
Low 0.52 (0.26-1.01) 79.3 <.01
DOR Country Europe 3.57 (0.35-36.20) 81.0 <.01 0.46 (0.04-5.85) 553
Asia 7.68 (2.78-21.24) 73.2 <.01
Mean age (years) >50.0 1.19 (0.32-4.38) 62.0 .05 0.11 (0.02-0.50) .004
<50.0 11.06 (4.97-24.59) 50.8 .09
Percentage male (%) >65.0 5.20 (1.09-24.77) 85.9 <.01 0.81 (0.11-5.94) 835
<65.0 6.43 (1.86-22.22) 63.1 .04
Study quality High 7.81 (3.06-19.95) 65.9 .01 2.26 (0.22-23.19) 493
Low 3.46 (0.41-29.20) 83.6 <.01
AUC Country Europe 0.71 (0.67-0.75) - - 0.97 (0.90-1.05) 492
Asia 0.73 (0.68-0.76) - -
Mean age (years) >50.0 0.55 (0.50-0.59) - - 0.71 (0.64-0.77) <.001
<50.0 0.78 (0.74-0.81) - -
Percentage male (%) >65.0 0.70 (0.66-0.74) - - 0.81 (0.76-0.87) <.001
<65.0 0.86 (0.82-0.88) - -
Study quality High 0.83 (0.79-0.86) - - 132 (1.22-1.42) <.001
Low 0.63 (0.59-0.67) - -

predicted DN were 0.65 and 0.75,

respectively.

Moreover, the PLR and NLR of NR to predict DN were
0.72 and 0.69, respectively. The DOR and AUC were 5.67
and 0.75, respectively [9]. However, this study com-
bined both prospective and retrospective studies, and
the selection and confounder biases could affect the
predictive value of DR on the progression of DN in T2D.
Moreover, a significant heterogeneity was seen across
the included studies. However, sensitivity and subgroup
analyses were not conducted to explore the source of
heterogeneity. Therefore, the current systematic review
and meta-analysis were conducted to assess the pre-
dictive value of DR on the progression of DN in patients

with T2D. Moreover, the predictive value of DR in
patients with specific characteristics was also assessed.
The summary result of this study found a significant
association between DR and subsequent DN in patients
with T2D. Although most included studies reported
similar conclusions, three of the included studies
reported inconsistent results [21,24,26]. A study con-
ducted by Mak et al. found that microscopic hematuria
and non-nephrotic proteinuria could predict the pro-
gression of nondiabetic renal disease for patients with
T2D while DR was not associated with the risk of DN in
T2D patients [21]. This result could be explained by a
similar duration of T2D and the degree of diabetes
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Figure 3. The summary PLR and NLR of DR on subsequent DN in patients with T2D.
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Figure 4. The summary DOR of DR on subsequent DN in patients with T2D.

control. Christensen et al. found no significant associ-
ation between DR and DN in patients with T2D [24].
This result may correlate with potential selection bias
because the characteristics of the patients between
groups were not balanced. Serra et al. conducted a pro-
spective cohort study of 35 patients with T2D and

found that DN contributed to an important renal lesion
in T2D patients with biopsied proteinuria, irrespective
of the characteristics of microhematuria and retinop-
athy, which may be correlated with most patients hav-
ing diabetic glomerulopathy or normal glomeruli
regarded as DN [26] .
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Figure 6. Publication bias.

The predictive value of DR on subsequent DN for
patients with T2D was mild, and the pooled sensitivity
and specificity were 0.64 and 0.77, respectively.
Moreover, the PLR and NLR of DR on DN in T2D
patients were 2.72 and 0.47, respectively. Moreover,

significant heterogeneity was seen across included
studies, which could be explained by various baseline
characteristics and ethnic origin [29]. Subgroup analysis
found that the predictive value of DR on subsequent
DN could be affected by mean age, male percentage,



and study quality. Moreover, the mean age of patients
was an important independent factor, which could bias
the predictive value of DR on DN in patients with T2D.
The potential reason for this could be that the age of
the patients significantly correlates with the severity of
disease, glucose control, and prevalence of diabetic
complications.

Several strengths of this study should be high-
lighted. First, the analysis of this study was based on
prospective cohort studies, and the selection and recall
biases could be minimized by retrospective studies.
Second, this study was based on 10 published studies,
and the stability of the pooled conclusion was superior
to any individual study. Third, stratified analyses for sen-
sitivity, specificity, PLR, NLR, DOR, and AUC were also
conducted to assess whether the predictive value of DR
on subsequent DN could be affected by patients’ char-
acteristics. However, the limitations of this study should
be acknowledged. First, several characteristics of
included patients were not available, such as the back-
ground of genetic and antidiabetic treatment regimens,
or other comorbidity diseases, which could affect the
progression of DN in patients with T2D. Second, the
heterogeneity across included studies for diagnostic
parameters was not fully explained by using the sensi-
tivity and subgroup analyses. Third, this study was not
registered and transparency was restricted. Fourth, the
selection bias potentially existed because the patients
tended to undergo regular retinopathy and nephrop-
athy follow-up in most well-designed cohort studies,
whereas patients with poor compliance had been easily
excluded. Fifth, the development and progression of DR
and DN in T2D patients differ, and the causality rela-
tionship was not obtained. Sixth, the duration of T2D
could affect the progression of DN, whereas subgroup
analysis was not performed because numerous studies
did not give the mean duration of T2D. Seventh, publi-
cation bias was inevitable because the analysis was
based on published articles, and unpublished data were
not available. Lastly, the limitation of any traditional
meta-analysis, including the analysis based on pooled
data, restricted the conduct of more detailed analyses.

In conclusion, this study found that DR was associ-
ated with an increased risk of DN in patients with T2D,
and the predictive value of DR on subsequent DN risk
for T2D patients was relatively lower. Moreover, the pre-
dictive value of DR could be affected by mean age,
male percentage, and study quality. The mean age of
the patients could be affected by sensitivity, PLR, DOR,
and AUC. The predictive value of DR on other diabetic
complications should be evaluated in further large-scale
prospective cohort studies.
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