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OBJECTIVES: To establish a potential relationship between diabetic retinopathy (DR) and different stages of cognitive impairment
METHODS: Literature searches were conducted on PubMed and EMBASE, with keywords “diabetic retinopathy” and “cognitive
impairment”. Inclusion criteria were original human studies, and English language. Quality of studies was assessed by the
Newcastle-Ottawa Quality Assessment (NOSGEN). The register number of this study on the International Prospective Register of
Systematic Reviews (PROSPERO) is CRD42021236747. The main outcome measures were odds ratios (OR) and risk ratios (RR) for
cross-sectional and longitudinal studies, respectively. Meta-regression was performed to evaluate the effects of potential moderator
variables, including, age, onset age of diabetes mellitus (DM), duration of DM, and HbA1c.
RESULTS: Twenty-five studies (17 cross-sectional and 8 longitudinal studies) with a total of 1,963,914 subjects, were included.
Among the cross-sectional studies, the pooled ORs of any cognitive impairment, early stage of cognitive impairment and dementia
in subjects with DR (95% confidence interval) were 1.48 (1.08–2.02), 1.59 (1.01–2.51), and 1.13 (0.86–1.50), respectively. Among the
longitudinal studies, the pooled RRs of any cognitive impairment, early stage of cognitive impairment, and dementia in subjects
with DR (95% confidence interval) were 1.35 (1.12–1.65), 1.50 (1.06–2.12), and 1.31 (1.03–1.66), respectively. Meta-regression
showed age, onset age of DM, duration of DM, and glycated hemoglobin (HbA1c) were not statistically associated with the
outcomes.
CONCLUSIONS: The presence of DR in DM patients indicates both higher odds of prevalent cognitive impairment and escalated
risks of developing cognitive impairment in the future.
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INTRODUCTION
With an ageing population, the world sees an emerging public
health challenge of both diabetes mellitus (DM) and dementia
[1–3]. In the recent report of the Lancet Commission, DM was
attributed as one of the twelve modifiable risks factors for
dementia in late life, associated with a population-attributable
fraction of 1.1% [2, 4, 5]. In general, DM patients are in 1.53 times
risk of incident dementia, compared to general population [5, 6].
However, a study has shown that DM patients with disease onset
of 10 years earlier are in 2.12 times risk of incident dementia,
compared with general population in the age group of 70 [7]. In
view of a large number of diabetics, additional risk factors are
warranted to further stratify diabetics with a higher risk of
developing dementia.
While the precise mechanisms underlying the association

between DM and dementia remain unclear, growing evidence
has highlighted the role of microvascular dysfunction and the
disruption of normal neurovascular coupling [8–10]. Therefore,
one current area of interest is the association between the
presence of diabetic retinopathy (DR) and dementia. Given that
the retina is an extension of the central nervous system [11–15],

the presence of DR might implicate dysfunction of the neurovas-
cular unit in the central nervous system and hence indicates an
escalated risk of dementia [16, 17].
However, the findings from the previous studies are not entirely

consistent. For example, DR has been reported as an independent
predictor for cognitive impairment in a longitudinal study [18],
which was further confirmed by a 32-year follow-up in the
diabetes control and clinical trials (DCCT) and epidemiology of
diabetes interventions and complications (EDIC) study [19]. In
contrast, Crosby-Nwaobi et al. discovered an inverse relationship
of the severity of DR to cognitive impairment [20].
Despite two previous meta-analyses attempted to resolve the

relationship between DR and dementia [21, 22], the following
issues have not been addressed. First, the association between DR
and different stages of cognitive impairment remains unclear.
Whilst dementia is the end-stage of cognitive impairment with
impairment of the activity of daily living, mild cognitive
impairment (MCI) [23] and cognitive impairment no dementia
(CIND) [24] describe the pre-dementia phase with a three to
fivefold increase in risk of progressing into dementia compared to
the general population [25]. It is important to determine whether
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DR is associated with early cognitive impairment as therapeutic
intervention applied earlier in the course of dementia would be
more likely to achieve disease modification [26, 27]. Second, the
manifestation of microvascular complications in DM depends
heavily on a number of variables, such as age of DM onset, DM
duration and glycated hemoglobin (HbA1c). Adjustment of these
variables is essential to confirm whether DR and cognitive
impairment is associated independently.
Therefore, we conducted this systematic review and meta-

analysis to comprehensively evaluate the association between DR
and different stages of cognitive impairment among patients
with DM.

SUBJECTS AND METHODS
Eligibility criteria
A systematic review and meta-analysis to evaluate the relationship
between DR and cognitive impairment was performed according
to the Meta-analysis of Observation Studies in Epidemiology
guideline [28]. The register number of this study on the
International Prospective Register of Systematic Reviews (PROS-
PERO) is CRD42021236747. To be included in the current meta-
analysis, a study had to meet the following inclusion criteria: (1) an
original human study with a case–control, cross-sectional or
prospective design; (2) a study including: (a) DM subjects with DR
with or without cognitive impairment, MCI, CIND, dementia, and
(b) DM subjects without DR with or without these neurodegen-
erative conditions; (3) abovementioned ophthalmological and
cognitive conditions confirmed by specialists, following estab-
lished diagnostic systems (e.g., The International Classification of
Disease, Ninth Edition, Clinical Modification (ICD-9-CM) diagnosis
codes, the Third Revised Edition and Fourth Edition of Diagnostic
and Statistical Manual of Mental Disorders (DSM-IIIR, DSM-IV)). (4)
English-written full-text manuscripts published in peer-reviewed
journals before 9 July 2021. We excluded letters to the editor,
commentaries, notes, case reports, case series, authors’ replies,
and conference abstracts.

Search methods
Three independent reviewers (Chan RNF, Chan RNC and Cheng
ETW) conducted a literature search in PubMed and Excerpta Medica
Database (EMBASE). A hierarchical search strategy with the use of
medical subject headings was adopted for the PubMed query. One
of the following items: “Diabetic Retinopathy [MeSH Terms]”,
“Diabetic Retinopathy”, “Diabetes Mellitus [MeSH Terms] AND
Retinopathy[MeSH Terms]” or “Diabetes Mellitus AND Retinopathy”
was first searched, followed by refinement with one of the below-
listed keywords: “Alzheimer Disease”[Mesh], “Alzheimer Disease”,
“Dementia [MeSH Terms]”, “Dementia”, “Neurobehavioral Manifesta-
tions [MeSH Terms]”, “Neurobehavioral Manifestations”, “Cognitive
Dysfunction [MeSH Terms]”, “Cognitive Dysfunction”, “Cognitive
Impairment”, and “Cognitive Decline”. For EMBASE query, a search
enquiry of “Diabetic Retinopathy or “Diabetes mellitus AND
Retinopathy” was created, followed by refinement of all the
following items linked with “OR”: “Alzheimer Disease”, “Dementia”,
“Mild Cognitive Impairment (MCI)”, “Cognitive Defect”, “Cognitive
Impairment. mp.”, “Cognitive Dysfunction. mp.” and “Cognitive
Decline. mp.” The detailed search strategy is listed in Supplementary
Information, Tables 1, 2. To avoid missing relevant articles, we also
manually searched the bibliographies of eligible studies.

Study selection
A two-phase selection process was adopted to identify eligible
studies. First, the three independent reviewers screened the titles
and abstracts of all articles identified in the literature search and
excluded all ineligible studies which were irrelevant to the
relationship between DR and cognitive impairment. Then, the
reviewers assessed the full texts of the remaining studies, during

which studies were excluded if inclusion criteria were not fully
fulfilled, or any exclusion criteria were met. In the whole study
selection process, disagreements between the three reviewers
were resolved by discussions with a senior reviewer (CYC).

Data collection and risk of bias assessment
Data from eligible studies were extracted into a customized
database, including first author’s name and title of study, year of
publication, subject category (controls, MCI or CIND and
dementia), sample size, gender, mean age, mean HbA1c and the
duration of DM. All data were acquired from the published articles
without additional information from the authors of their
respective studies. If appropriate, unavailable data were calculated
by the built-in program of RevMan (version 5.4; Cochrane
Collaboration, London, United Kingdom) whenever necessary.
Newcastle-Ottawa Quality Assessment Scale (NOSGEN) was
adopted to evaluate the study quality of the included literature
(Supplementary Information, Note 1) [29]. NOSGEN was comprised
of three domains: Patient Selection, Comparability and Outcomes,
which was used in the scale for cohort and case–control studies.
However, some of the cross-sectional studies were not conducted
in a case–control design, so a modified version of NOSGEN
developed by Modesti et al. was used in this review (Supplemen-
tary Information, Note 2) [30].

Data synthesis and analysis
We performed statistical analyses with RevMan (Version 5.4). Odds
ratio (OR) was used to analyse the cross-sectional relationship of
DR and any cognitive impairment, whereas risk ratio (RR) was used
in the longitudinal studies. All meta-analyses were performed
under random-effect models.
We first analysed the association between the presence of DR

and any cognitive impairment. Then, we separately analysed the
associations of DR with early cognitive impairment (i.e., MCI or
CIND) and dementia. Additionally, we also assessed whether the
severity of DR affects the association between DR and cognitive
impairment.
To investigate the effect of moderator variables on the effect

sizes, we further constructed a random effects meta-regression
adjusting for the mean age of onset of DM, mean duration of DM
and mean HbA1c, using R (Version 4.0.5).

RESULTS
Figure 1 summarizes the selection process for all studies included
in this meta-analysis. Amongst 2006 articles identified in the initial
literature search (1117 from PubMed and 889 from EMBASE), 1209
duplicates were removed. The remaining 797 articles were
screened by reviewing their titles and abstracts, where 650 studies
of irrelevant topics were excluded. We then reviewed the full text
of the 147 articles left, of which 122 were excluded on account of
meeting the exclusion criteria or same study population in
different publications. In the latter case, if the number of subjects
included was different, the one with more subjects included
would be selected; if the number of subjects included was the
same, the latest one would be selected. In addition, Crosby-
Nwaobi et al. published three articles with different subjects from
the same cohort in 2014, 2015, and 2016 [31–33]. To avoid double-
counting, the one with the largest number of included patients
was included in this paper [20]. Despite a recent study by
Jacobson et al. identified DR as an independent risk factor in a 32-
year follow-up of the DCCT and EDIC study, the study was not
included in our analysis due to the unavailability of the number of
DR patients with or without cognitive impairment [19].
25 studies with a total of 1,963,914 subjects (1,760,013 diabetic

subjects without DR and 203,901 subjects with mild to severe DR)
were finally included in the current meta-analysis. 17 were in
cross-sectional design and 8 were in longitudinal design, of which
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1 provided both cross-sectional and longitudinal data. The mean
age of included studies ranged from 49.1 to 80.3 and the average
age of all the included subjects was 59.9 (±1.50). The quality
assessment of included studies indicated a generally high quality
of the included studies as shown in Supplementary Information,
Table 3. Details of the included studies are summarized in
Supplementary Information, Table 4.
Table 1 summarizes the meta-analysis of cross-sectional

associations between DR and cognitive impairment, while Table 2
summarizes the meta-analysis of longitudinal associations
between DR and cognitive impairment.

Association between DR and any cognitive impairment
Eighteen cross-sectional studies assessed the association between DR
and any cognitive impairment. Among those with DM, subjects with
DR were associated with 1.48 times in the odds with any cognitive
impairment compared with those without DR (OR, 1.48, 95% CI,
1.08–2.02), despite a significant heterogeneity (I2= 73%, P< 0.001)
(Fig. 2). Eight longitudinal studies assessed the association between
DR and any cognitive impairment. The risk of any cognitive
impairment amongst DR subjects was 1.35 times that amongst
non-DR subjects (RR, 1.35, 95% CI, 1.12–1.65). A significant hetero-
geneity was observed (I2= 92%, P< 0.001) (Fig. 3). We did not

observe any significant effect of moderator variables, including mean
age, mean onset age of DM, mean duration of DM, and mean HbA1c
on the association between DR and the risk of developing any
cognitive impairment (Supplementary Information, Table 5).

Association between DR and early stage of cognitive
impairment
Twelve cross-sectional studies assessed the association between
DR and early stage of cognitive impairment (i.e., MCI or CIND).
Subjects with DR were associated with 1.59 times in the odds with
early stage of cognitive impairment compared with diabetic
subjects without DR (OR, 1.59, 95% CI, 1.01–2.51), despite a
significant heterogeneity (I2= 80%, P < 0.001) (Fig. 4). Three
longitudinal studies assessed the association between DR and
early stage of cognitive impairment. The risk of any cognitive
impairment amongst DR subjects was 1.50 times that amongst
non-DR subjects (RR, 1.50, 95% CI, 1.06–2.12). No significant
heterogeneity was observed (I2= 0%, P= 0.63) (Fig. 5).

Association between DR and dementia
Six cross-sectional studies assessed the association between DR
and dementia. Subjects with DR were not significantly associated
with dementia compared with diabetic subjects without DR (OR,

Fig. 1 Flow diagram of selection of studies for inclusion in the meta-analysis.
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1.13, 95% CI, 0.86–1.50) (Fig. 6). Five longitudinal studies assessed
the association between DR and dementia. The risk of any
cognitive impairment amongst DR subjects was 1.31 times that
amongst non-DR subjects (RR, 1.31, 95% CI, 1.03–1.66). Significant
heterogeneity was observed (I2= 95%, P < 0.001) (Fig. 7).

Association between severity of DR and any cognitive
impairment
Four cross-sectional studies assessed the association between PDR
and any cognitive impairment, which was found to be statistically
insignificant in our meta-analysis (OR, 0.87, 95% CI, 0.49–1.52)
(Fig. 8).

DISCUSSION
This systematic review and meta-analysis, including 18 cross-
sectional studies with 5924 subjects and 8 longitudinal studies
with 1,957,973 subjects, provided robust evidence that the
presence of any DR is associated with both the prevalence and
incidence of any cognitive impairment.
To further dissect the relationship between DR and cognitive

impairment, we analysed the relationship of any DR with early
cognitive impairment and dementia respectively. We illustrated
that the presence of any DR was associated with the prevalence
and incidence of early cognitive impairment. However, the
presence of DR only increased the risk of developing incident
dementia, but it was not associated with the prevalence of
dementia. The associations between DR and cognitive impairment
might be explained by considering DM as a slowly progressive
metabolic disorder that affects the neurovascular unit of both the
retina and the brain in parallel [16, 34]. In the CNS including the
retina, neurons, glia and the highly specialized vasculature work in
concert as a neurovascular unit to maintain the normal home-
ostasis whilst dynamically regulating blood flow in response to
metabolic demands of the neurons. The dysfunction of “neuro-
vascular coupling” is not only a key feature of early stage of DR
[35–40], but also found in dementia [16, 41–44], as suggested by
the presence of DM-related vascular changes, such as narrowing
of arteries, blood-brain barrier leakiness and thickening of
basement membrane with pericytes detachment [45, 46]. The
microvascular dysfunction also contributes to dementia by

disrupting amyloid-beta clearance across the BBB and leading to
overexpression of amyloid-beta precursor protein, both of which
promote amyloid-beta accumulation [41, 47, 48].
Our findings highlighted DR as a risk factor for cognitive

impairment in DM population. As cognitive impairment decreases
the short-term memory and daily problem-solving ability of
patients [49], it affects DM self-management, such as self-
monitoring of blood glucose level or insulin self-injection [50].
This leads to poor glycaemic controls, which in turns worsen the
development of cognitive impairment, forming a vicious cycle
between DM and cognitive impairment [51]. As a result, it is
important to stratify patients with higher risk of cognitive
impairment so that a more frequent follow-up and more
aggressive glycaemic control can be provided to reduce the risk
of progressing into more severe form [52]. Apart from the
association between DR and cognitive impairment found in our
studies, screening for DR from retinal photographs using artificial
intelligence (AI) is an emerging trend [53–55]. This raises the
potential practicality of utilizing AI to identify DR and assess risk
for cognitive impairment subsequently. Nevertheless, further
research is essentially needed.
Besides, it is noteworthy to mention that age of DM onset, DM

duration, and HbA1c did not influence on the association between
DR and the risk of developing any cognitive impairment. Patients
presenting with retinopathy, regardless of age and disease
duration, might benefit from subsequent assessment of cognitive
function.
This meta-analytic review summarized the inconsistent findings,

and established the association between DR and cognitive
impairment, with a large number of studies included. However,
the current study included several limitations. First, no diagnostic
biomarkers or neuroimaging were currently available for assess-
ment of cognitive impairment in these studies, which might
potentially lead to misclassification bias. Second, different studies
used different cognitive assessment tools to define the cognitive
capacity of subjects which may also confound the findings of our
study. Third, there were considerable heterogeneity between the
studies, as the development of dementia is usually multi-factorial.
We tried to explore the reasons behind the high heterogeneity
using meta-regression. However, given the nature of the analysis,
our meta-analysis with <10 studies included cannot provide the

Table 2. Summary of the meta-analysis for longitudinal relationship of diabetic retinopathy and cognitive impairment.

Relationship Subjects with DM

No. of subjects (no. of studies) Risk ratios (95% CI) Heterogeneity (I2)

DR and any cognitive impairment 1,957,973 (8) 1.35 (1.12–1.65) 92%

DR and early stage of cognitive impairment 1250 (3) 1.50 (1.06–2.12) 0%

DR and dementia 1,921,444 (5) 1.31 (1.03–1.66) 95%

95% CI 95% Confidence interval, DR Diabetic retinopathy, DM Diabetes mellitus.

Table 1. Summary of the meta-analysis for cross-sectional relationship of diabetic retinopathy and cognitive impairment.

Relationship Subjects
with DM

Subjects
with T2DM

No. of subjects
(No. of studies)

Odd ratios
(95% CI)

Heterogeneity
(I2)

No. of subjects
(No. of studies)

Odd ratios
(95% CI)

Heterogeneity
(I2)

DR and any cognitive impairment 5924 (18) 1.48 (1.08–2.02) 73% 3673 (12) 1.32 (0.85–2.03) 79%

DR and early stage of cognitive
impairment

3411 (12) 1.59 (1.01–2.51) 80% 2855 (10) 1.43 (0.88–2.32) 79%

DR and dementia 2773 (6) 1.13 (0.86–1.50) 0% 2387 (5) 1.12 (0.83–1.53) 0%

PDR and any cognitive impairment 1223 (4) 0.87 (0.49–1.52) 55%

95% CI 95% Confidence interval, DR Diabetic retinopathy, PDR Proliferative diabetic retinopathy, NA Not applicable, DM Diabetes mellitus, T2DM Type 2 diabetes
mellitus.
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Fig. 3 Meta-analysis for longitudinal association of DR and any cognitive impairment. The meta-analysis was performed by a random
effects model. The size of the box is related to the weight that given to that particular study. The horizontal lines correspond to the 95%
confidential intervals. The peaks of diamonds represent the overall effect estimate and the edges of that represent the 95% confidential
intervals.

Fig. 4 Meta-analysis for cross-sectional association of DR and early stage of cognitive impairment. The meta-analysis was performed by a
random effects model. The size of the box is related to the weight that given to that particular study. The horizontal lines correspond to the
95% confidential intervals. The peaks of diamonds represent the overall effect estimate and the edges of that represent the 95% confidential
intervals.

Fig. 2 Meta-analysis for cross-sectional association between DR and any cognitive impairment. The meta-analysis was performed by a
random effects model. The size of the box is related to the weight that given to that particular study. The horizontal lines correspond to the
95% confidential intervals. The peaks of diamonds represent the overall effect estimate and the edges of that represent the 95% confidential
intervals.
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reliable results. Forth, we were not able to perform sub-group
analysis on type 1 and type 2 DM, because most of the included
studies did not provide separate data on the type of DM patients
included.
In conclusion, the presence of DR is significantly associated with

the prevalence and incidence of any cognitive impairment,
independent of the age of DM onset, DM duration, and HbA1c
level. The relationship of DR with the prevalent and incident early-
stage cognitive impairment is confirmed. This suggests that DR
may serve as a risk factor in DM for identifying patients at higher
risk for cognitive impairment.
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