Urinary albumin-creatinine ratio in DR

* Meta-Analysis °

Diagnostic value of urinary albumin creatinine ratio in
predicting vision-threatening diabetic retinopathy in
patients with diabetes: a systematic review and Meta-

analysis

Ying Gao', Jia=Yuan Zhuang]’Z, Yu-Yan Ren', Hua—Zhi Zhangl, Yi-Ming Hi', Cheng—Hao L7,

Mei Hu'?, Heng Zhou’, Xiang—Xia Luo’

'Clinical College of Chinese Medicine, Gansu University of
Chinese Medicine, Lanzhou 730000, Gansu Province, China
*School of Public Health & School of Nursing, Yangzhou
University, Yangzhou 225009, Jiangsu Province, China
*School of Medicine, Yangzhou University, Yangzhou 225000,
Jiangsu Province, China

“The First Affiliated Hospital, Gansu University of Chinese
Medicine, Lanzhou 730000, Gansu Province, China

Co-first Authors: Ying Gao and Jia-Yuan Zhuang
Correspondence to: Xiang-Xia Luo. The First Affiliated
Hospital, Gansu University of Chinese Medicine, Lanzhou
730000, Gansu Province, China. jessica Ixx@163.com; Heng
Zhou. Yangzhou University, Yangzhou 225000, Jiangsu
Province, China. hengzhouyz@163.com

Received: 2025-07-28 Accepted: 2025-12-18

Abstract

o AIM: To evaluate the predictive value of urinary albumin
creatinine ratio (UACR), albumin excretion rate (AER),
and estimated glomerular filtration rate (eGFR) for vision-
threatening diabetic retinopathy (VTDR) in individuals with
diabetes.

e METHODS: A comprehensive literature search across
PubMed, Embase, Web of Science, Scopus, and the Cochrane
Library from their inception to February 2024 were performed.
The diagnostic accuracy of microalbuminuria (MA; including
UACR and AER) and eGFR in predicting VTDR using sensitivity,
specificity, positive likelihood ratio and negative likelihood
ratio, diagnostic odds ratio (DOR), and the area under the
summary receiver operating characteristic (ROC) curve were
assessed. Analyses incorporated both bivariate generalized
linear mixed models and random-effects models to ensure
a robust and unbiased interpretation of the data.

o RESULTS: The review included 14 studies with a total of
87 223 patients. The pooled sensitivity and specificity of MA
and eGFR for predicting VTDR were 0.77 [95% confidence
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interval (Cl), 0.57-0.89] and 0.51 (95%Cl, 0.31-0.72),
respectively. The DOR was 3.47 (95%Cl, 1.94-6.18), with
the area under the summary ROC curve at 0.70 (95%Cl,
0.66-0.74). Notably, UACR as a predictor showed a
sensitivity of 0.88 (95%Cl, 0.43-0.99) and specificity of
0.55 (95%Cl, 0.22-0.84), with an area under the curve of
0.78 (95%Cl, 0.74-0.82). Despite significant heterogeneity
among the studies (P<0.01), no publication bias was
detected.

e CONCLUSION: UACR is a highly sensitive but
moderately specific indicator for early detection and
management strategies in this high-risk population.
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INTRODUCTION

ccording to the International Diabetes Federation, 537

million adults (20-79 years old) worldwide are currently
living with diabetes mellitus, and this number is expected
to rise to 783 million by 2045"). Vision-threatening diabetic
retinopathy (VTDR), which includes proliferative diabetic
retinopathy (PDR) and diabetic macular edema (DME), is one
of the major microvascular complications of diabetes and the
leading cause of visual impairment and blindness among adults
in their most productive years”™. The critical importance
of early detection and precise diagnosis of VTDR cannot be
overstated, as these steps are essential for preventing serious
vision loss in diabetic patients'!.
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ratio” and “albumin to creatinine ratio”, and supplementing
Search Formula #13 with “microalbuminuria” and
“albuminuria”. The literature search was conducted exclusively
in English, ensuring a focused and systematic approach to
identifying studies pertinent to the review’s objectives, which
may have introduced language bias.

Study Selection These articles underwent a systematic
assessment process, initially based on their titles and abstracts,
followed by a thorough review of the full texts. The criteria for
inclusion were meticulously defined to ensure the relevance
and specificity of the selected studies. Specifically, the criteria
included: 1) studies involving patients diagnosed with diabetes;
2) the identification of VTDR, determined through fundus
photography, fundus fluorescein angiography (FFA), or optical
coherence tomography (OCT), with VTDR defined as either
PDR or clinically significant DME; 3) reports on the presence
of MA and eGFR along with the classification of patients
into different VTDR groups. During the citation screening
phase, two independent reviewers (Gao Y and Zhuang
JY) meticulously evaluated the search results to ascertain
the eligibility of articles for inclusion. Any discrepancies
encountered between the reviewers were resolved by reaching
a consensus through discussion, with the senior author
(Zhou H) providing the final decision when necessary. This
collaborative and structured approach ensured a comprehensive
and unbiased selection of studies for inclusion in the review.
Data Extraction and Quality Assessment Data extraction
was meticulously carried out by the same investigators (Gao
Y and Zhuang JY), who utilized standardized forms to ensure
uniformity and precision in gathering data. The information
extracted included author names, publication year, study
design, percentage of male participants, type of diabetes,
markers of renal function, criteria for diagnosing VTDR, as
well as true positive, false positive, true negative, and false
negative values. For longitudinal studies, data were extracted
at baseline to provide a consistent point of comparison across
studies.

Two researchers (Gao Y and Zhuang JY) independently
conducted quality assessment of the included studies using
the Quality Assessment of Diagnostic Accuracy Studies 2
(QUADAS-2) checklist, covering four domains: Patient
Selection, Index Test, Reference Standard, and Flow and
Timing'’!. During the assessment, the risk of bias and
applicability of each domain were evaluated simultaneously. In
cases of discrepancies in opinions between the two researchers,
a third researcher (Luo XX) was consulted, and a consensus
was reached through joint discussion to finalize the quality
assessment results. The QUADAS-2 checklist facilitates a
thorough and critical appraisal of potential sources of bias and
variability among the included studies, ensuring a rigorous
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evaluation of their diagnostic accuracy in relation to MA and
eGFR and VTDR.

Statistical Analysis For each study included in this systematic
review and meta-analysis, sensitivity, specificity, positive
likelihood ratio (PLR), negative likelihood ratio (NLR), and
diagnostic odds ratio (DOR) were computed following the
construction of a 2x2 contingency table. Pooled estimates
along with their 95% confidence intervals (Cls) were derived
using a random-effects model to account for the anticipated
variability among studies. To evaluate the diagnostic accuracy
comprehensively, a summary receiver operating characteristic
(sROC) curve analysis was conducted, assessing the trade-
off between sensitivity and specificity across studies.
Heterogeneity among the included studies was quantified using
the I test. To further investigate the sources of heterogeneity,
Meta-regression analyses were performed considering factors
such as study design (cross-sectional vs longitudinal), type
of diabetes (type 2 vs others), and sample size (greater than
200 vs less than 200). Additionally, a Fagan nomogram was
plotted to integrate the pre-test probability with the post-
test probabilities, enhancing the clinical applicability of the
diagnostic test results by providing positive and negative
predictive values. The Deeks’ funnel plot asymmetry test was
employed to assess the potential for publication bias among
the studies"*

significance threshold of P<0.05. The statistical analyses were

. All statistical tests were two-sided, adopting a

conducted using Stata statistical software version 18.0 for
Windows (Stata Corp, College Station, TX, USA) and Review
Manager (RevMan) version 5.3.

RESULTS

Literature Search Results and Study Characteristics A
comprehensive literature search across multiple databases
yielded an initial tally of 3268 articles. Following a meticulous
screening and evaluation process, 14 unique studies were
ultimately selected for inclusion in this analysis (Figure 1).
The final sample included 10 cross-sectional studies™'**” and
4 longitudinal studies™**”
cohort of 87 223 participants from various countries, including

, comprising a diverse international

Israel, Denmark, Australia, India, Iran, Thailand, the United
States, the Republic of Korea, Indonesia, and Brazil (Table 1).
The gender distribution within these studies varied, with
male participation ranging from 30.4% to 75%. Regarding
biomarkers, 11 studies employed MA as an indicator of renal
dysfunction™"*"**'** while the remaining three utilized
eGFR™**?*7 Notably, six studies defined significant AER
thresholds for MA at greater than 20 pug/min, 21.5 mg/24h,
30 mg/24h, and 300 mg/24h to delineate the presence
of MA!'>!712423 " Conversely, four studies identified MA
with a UACR greater than 30 mg/g®'*****. The methods

used to diagnose VTDR varied among the included studies:



Int J Ophthalmol, Vol. 19, No.9, Sep. 18, 2026 www.ijo.cn
Tel: 8629-82245172  8629-82210956  Email: ijopress@163.com

ophthalmoscopy after mydriasis was employed in two
studies!**, fundus photography after pupil dilation in four

studies®*"***"| FFA after mydriasis in one study'”, and a

combination of detection tools in seven studies™'®'*"***2¢,
The quality of the included studies was appraised using the
QUADAS-2 tool, which revealed that the majority exhibited
risks of bias, particularly concerning patient selection, index
testing, and applicability (Figure 2). This evaluation highlights
the need for careful consideration of potential biases and
limitations when interpreting the results of this systematic
review and Meta-analysis.

MA and eGFR Predicting VIDR Forest plots (Figures
3A and 3B) illustrate the pooled sensitivity and specificity of
MA and eGFR in predicting VTDR. The combined data from
fourteen cross-sectional and longitudinal studies yielded a
pooled sensitivity of 0.77 (95%CI, 0.57-0.89) and a specificity
of 0.51 (95%CI, 0.31-0.72). The DOR, as shown in Figure 3C,
suggests that MA and eGFR increase the odds of positively
predicting VTDR by 3.47 times in individuals with VTDR
compared to those without.

The summary area under the curve (AUC) for MA and eGFR
in forecasting VTDR in diabetic patients was 0.70 (95%CI,
0.66—0.74), as depicted in Figure 4A. Data integration from
all included studies indicated that the summary PLR and NLR
for predicting VTDR using MA and eGFR were 1.58 (95%CI,
1.16-2.15) and 0.46 (95%CI, 0.29-0.71), respectively. The
Fagan nomogram indicates that a positive MA and eGFR result
increases the probability of VTDR from 8% to 12%, while a
negative result reduces it from 8% to 4%.

Meta-regression analysis showed no significant differences
in the predictive sensitivity or specificity of MA and eGFR
between cross-sectional and longitudinal studies (P=0.68 and
P=0.95, respectively), or between type 2 diabetes and other
diabetes types (P=0.41 and P=0.89, respectively). However,
larger studies (sample sizes greater than 200) demonstrated
lower sensitivity (P=0.05) compared to smaller studies, though
their specificity remained unchanged (P=0.44). Analysis
of publication bias via Deeks’ funnel plot test indicated its
presence.

Additional forest plots based on 11 studies evaluating MA as a
biomarker showed a pooled sensitivity of 0.80 (95%CI, 0.51—
0.94) and a specificity of 0.61 (95%CI, 0.37-0.81). The DOR
was 6.19 (95%CI, 3.51-10.91). The summary ROC curves
demonstrated strong predictive capabilities for VTDR with an
AUC of 0.76 (95%CI, 0.72-0.79), with a pooled PLR of 2.04
(95%CI, 1.42-2.95) and a pooled NLR of 0.33 (95%CI, 0.16—
0.68). Examination of the funnel plot and subsequent analysis
using the Deeks test showed no significant publication bias
(P=0.19), suggesting an absence of sample size-related effects
on reported diagnostic accuracy.

[ Identification of studies via databases }

Records identified through
database searching (n = 3268):
PubMed: n = 1000

Embase: n = 568

Scopus: n =663

Web of Science: n =915
Cochrane Library: n = 122

Duplicate records removed before
screening (n = 1455):
4 Using automated tools
(n = 1289)
4 Manually removed (n =166)

Identification

J

v

Records screened (n = 1813) —| Records excluded (n = 1629)
Reports sought for retrieval . _

i (n = 184) —| Reports not retrieved (n = 0)

£
Reports assessed for eligibility | Reports excluded (n = 170):
(n=184) Not published in English (n = 8)

*

4 Coming from the same trial
® (n=5)
*
*

No sufficient data (n = 71)
No outcome of interest (n = 86)

v

Studies included in review
(n=14)

[ nciudea | [

Figure 1 PRISMA flow diagram illustrating the systematic literature

search and selection process.
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Figure 2 Comprehensive risk of bias assessment for included studies
using QUADAS-2 checklist.

UACR Predicting VIDR Forest plots displaying the pooled
sensitivity and specificity for the UACR in predicting VTDR
are shown in Figure 5A and 5B. The sensitivity of UACR
varied considerably across studies, ranging from 0.40 to
1.00, which resulted in a pooled sensitivity of 0.88 (95%CI,
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Figure 3 Forest plots of microalbuminuria and estimated glomerular filtration rate predicting vision-threatening diabetic retinopathy
A: Forest plots of pooled sensitivity of microalbuminuria and estimated glomerular filtration rate predicting vision-threatening diabetic
retinopathy; B: Forest plots of pooled specificity of microalbuminuria and estimated glomerular filtration rate predicting vision-threatening
diabetic retinopathy; C: Forest plots of diagnostic odds ratio (DOR) of microalbuminuria and estimated glomerular filtration rate predicting

vision-threatening diabetic retinopathy.
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Figure 4 The summary receiver operating characteristic curve predicting vision-threatening diabetic retinopathy A: The summary ROC curves
of microalbuminuria and estimated glomerular filtration rate predicting vision-threatening diabetic retinopathy; B: The summary ROC curves of

urinary albumin creatinine ratio predicting vision-threatening diabetic retinopathy. ROC: Receiver operating characteristic; AUC: Area under the curve.

0.43-0.99). Specificity also varied widely, from as low as 0.09
to as high as 0.87, culminating in a pooled specificity of 0.55
(95%CI, 0.22—-0.84). The pooled DOR is presented in Figure
5C as 9.08 (95%CI, 2.85-28.95), and the AUC was 0.78
(95%CI, 0.74-0.82) as depicted in Figure 4B. Data integration
from all included studies yielded summary PLR and NLR
values for predicting VIDR using UACR of 1.96 (95%CI,
1.09-3.50) and 0.22 (95%CI, 0.05-0.92), respectively.
According to the Fagan nomogram, a positive UACR result
increases the probability of VTDR from 8% to 15%, while a
negative result reduces it from 8% to 2%. The Deeks test for
publication bias yielded a non-significant result (P=0.92),
indicating no significant publication bias.
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DISCUSSION

This systematic review and meta-analysis synthesized
data from 14 studies to assess the predictive value of MA,
including UACR and AER, and eGFR for VTDR, with a
focus on understanding their role as early biomarkers in a
clinical setting. The analysis highlighted that MA and eGFR
collectively demonstrate a pooled sensitivity of 0.77 and
a specificity of 0.51, accompanied by a PLR of 1.58 and a
NLR of 0.46. Notably, the DOR of 3.47 and an AUC of 0.70
underscore their moderate discriminative ability in predicting
VTDR. Furthermore, the UACR greater than 30 mg/g emerged
as a robust predictor, demonstrating a high pooled sensitivity of
0.88 and a specificity of 0.55, with an AUC of 0.78 indicating
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Figure 5 Forest plots of urinary albumin creatinine ratio predicting vision-threatening diabetic retinopathy A: Forest plots of pooled

sensitivity of urinary albumin creatinine ratio predicting vision-threatening diabetic retinopathy; B: Forest plots of pooled specificity of urinary

albumin creatinine ratio predicting vision-threatening diabetic retinopathy; C: Forest plots of diagnostic odds ratio (DOR) of urinary albumin

creatinine ratio predicting vision-threatening diabetic retinopathy.

good discriminative potential. This suggests that UACR, in
particular, may serve as a critical marker for early detection
of VTDR, offering a significant opportunity for primary
prevention and timely intervention. The results for eGFR are
not reliable and should be regarded as preliminary evidence.

VTDR remains a leading cause of blindness among diabetic
patients, underscoring the necessity of early and accurate
predictors like MA and eGFR in clinical practice. While
previous studies have focused on the correlation between the
severity of diabetic retinopathy and renal pathology, the role of
these biomarkers in early detection and management has often

%1 The findings from Benitez-Aguirre et

been overlooked"
al®” support this perspective, showing that adolescents with
type 1 diabetes possessing a UACR in the upper tertile of the
normal range are at increased risk for diabetic retinopathy
progression, independent of glycemic control. Fang et al”"
confirmed the positive correlation of VTDR with MA and
eGFR from the perspective of genetics through a two-sample
Mendelian randomization study. Our study showed that MA and
eGFR are useful indication for predicting VTDR. The strength
of this Meta-analysis lies in its comprehensive evaluation of the
predictive value of VTDR through both cross-sectional and
longitudinal studies, encompassing over 80 000 cases of
diabetes that enhances the generalizability of the findings.

The 14 studies identified for our meta-analysis varied in
certain characteristics. For instance, studies included patients
with AER greater 21.5 mg/24h""” and 30 mg/24h""" and
300 mg/24h™". In addition, there was significant diversity
in the methods used to assess VITDR, and only four studies
applied gold standard for VTDR diagnose'”"**’). We also

found significant heterogeneity, which may be explained by
the following limitations. First, baseline risk factors were not
standardized between studies. Most of the included studies
were conducted in Southeast Asian countries, and to a lesser
extent in European countries. Second, variability in the
UACR assay results from differences between fully automated
analyzers and enzyme-linked immunosorbent assay (ELISA)
methods. Additionally, factors such as the duration of diabetes,
hyperglycemia, and hypertension among participants may all
impact the diagnosis of VTDR. Furthermore, the presence of
six studies with sample sizes smaller than 200 helps explain
the observed publication bias in Meta-analyses predicting
VTDR using MA and eGFR™®'*""*"***’ Meanwhile, subgroup
analyses indicated that larger studies demonstrated lower
sensitivity, suggesting that sample size is a potential source
of heterogeneity and may influence the estimated predictive
accuracy of these biomarkers.

In the 14 studies included in this study, there is no Chinese
population data (Table 1 shows that the research sources cover
10 countries, including Israel and Denmark, and China is not
included), which may lead to limited applicability of the results
to Chinese diabetes patients. As the country with the largest
number of diabetes patients (prevalence rate in 2023 is about
11.9%), its population genetic background (such as ACE gene
polymorphism), diet structure (high carbohydrate intake) and
European and American populations are different, which may
affect the association strength between UACR and VTDR . In
the future, large-scale studies based on the Chinese population
are needed to verify the value of UACR in VTDR screening in
China.
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Our Meta-analysis revealed significant heterogeneity among
the included studies (/’=95.87%—97.89%). While Meta-
regression indicated that study design and diabetes type were
not significant sources of this heterogeneity, we identified key
clinical and methodological variations as the underlying causes.
For instance, clinicians using UACR to assess VTDR risk may
need to adjust threshold interpretation based on whether local
laboratories adopt automated vs manual assay methods, as
variability in quantification could alter the clinical significance
of a given UACR value. Specifically, studies applied different
thresholds for defining microalbuminuria (e.g., UACR>30 mg/g;
AER ranging from >20 pg/min to >300 mg/24h), leading
to inconsistent classification of “abnormal” renal function.
Additionally, UACR/AER quantification methods varied
(from fully automated analyzers to ELISA), and importantly,
the diagnostic criteria for VTDR differed substantially across
studies (ranging from ophthalmoscopy to combined FFA/OCT).
Given the superior sensitivity of FFA and OCT in detecting
DME and early neovascularization in PDR, studies relying
solely on ophthalmoscopy may have underdiagnosed VTDR"™,
Accordingly, clinicians should select UACR thresholds
referenced to local assay methods and VTDR diagnostic tools,
and exercise caution when extrapolating our pooled results
to settings with different technical specifications to avoid
misinterpreting risk stratification for patients. Accordingly,
clinicians should select UACR thresholds referenced to local
assay methods and VTDR diagnostic tools, and exercise
caution when extrapolating our pooled results to settings with
different technical specifications to avoid misinterpreting risk
stratification for patients.

This heterogeneity substantially impacts the clinical
applicability of our pooled estimates. The summary sensitivity
and specificity should be interpreted as average values derived
from diverse clinical settings and diagnostic criteria. The
generalizability of our findings is optimal when local clinical
conditions—including chosen renal biomarker thresholds
and available retinal diagnostic methods—align with the
protocols used in the included studies. To enhance the
validity and clinical utility of future research, we recommend
adopting standardized UACR thresholds (e.g., >30 mg/g) and
implementing more precise VIDR diagnostic approaches,
such as combined fundus photography and OCT, to improve
the reliability of predictive accuracy estimates. The predictive
performance of renal biomarkers (AUC 0.70-0.78) in our
analysis positions them as a practical alternative to more
complex VTDR prediction models. While artificial intelligence
(Al)-based retinal imaging algorithms can achieve higher
AUC values (>0.90), they require specialized equipment
not universally available™. Similarly, clinical risk scores
incorporating diabetes duration and hemoglobin Alc (HbAlc)
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typically show comparable discriminative ability (AUC 0.77—
0.79) but lack the direct reflection of microvascular pathology

[36]

that renal biomarkers provide””. UACR thus represents an

accessible and biologically relevant predictor, particularly

7 The strong association

valuable in resource-limited settings
between renal biomarkers and VTDR finds support in their
shared microvascular pathophysiology. Both complications
involve endothelial dysfunction, oxidative stress, and
advanced glycation end product accumulation, leading to
vascular permeability and basement membrane thickening.
Microalbuminuria, as detected by UACR, serves as a marker
of this systemic microangiopathy, providing a biological
rationale for its predictive value in VTDR development"*.
Despite its methodological robustness, this review does face
limitations. First, the predominance of cross-sectional studies
(10 of 14 included studies) limits the ability to establish
temporal relationships and draw causal inferences between
renal biomarkers and VITDR development. Second, the
assessment of eGFR was based on only three studies with
relatively small sample sizes, which may affect the reliability of
its pooled diagnostic estimates. Third, we were unable to adjust
for important clinical confounders such as diabetes duration,
glycemic control (HbAlc), and hypertension status, which
are known to influence both renal function and retinopathy
progression. Finally, the varied diagnostic thresholds and
patient populations across studies introduce the potential
for spectrum bias, which may affect the generalizability of
our findings. Future large-scale longitudinal studies with
standardized protocols and adjusted analyses are needed to
validate these associations.

In summary, our findings confirm a significant association
between abnormal renal function markers—MA, eGFR,
and particularly UACR—and the development of VTDR in
individuals with diabetes mellitus. Although the overall test
performance indicates room for improvement, the UACR
assay, which avoids the cumbersome 24-hour urine collection,
has simplicity and non-invasiveness of these measurements
make them invaluable tools for clinicians. This review strongly
advocates for the integration of UACR monitoring into routine
diabetes care, which could facilitate timely ophthalmological
referrals and interventions, thus effectively managing VTDR
and potentially preventing significant vision loss in diabetic
populations.

In conclusion, MA and eGFR are valuable tools for diagnosing
or screening VTDR. Additionally, the UACR may serve as a
highly specific indicator for this condition.
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