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Abstract

Aims Diabetic retinopathy (DR) is an important microvascular complication of diabetes mellitus (DM) and a leading cause
of visual impairment and blindness among people of working age. Physical activity (PA) or exercise is critical and beneficial
for DM patients, whereas studies evaluating the relationship between PA and DR have yielded inconsistent and inconclusive
results. The American Diabetes Association’s “Standards of Medical Care in Diabetes™ has also pointed out the indetermi-
nate roles of PA in DR prevention. The purpose of this systematic review and meta-analysis was to explore the association
between PA and DR risk.

Methods Medline (accessed by PubMed), EmBase, and Cochrane Library were systematically searched for studies up to
June 2018, and the reference lists of the published articles were searched manually. The association between PA and DR
risk was assessed using random-effect meta-analysis.

Results Twenty-two studies were included in this meta-analysis. PA was found to have a protective association with DR
[risk ratio (RR)=0.94, 95% confidence interval (95% CI) 0.90-0.98, p=0.005] in diabetic patients, and the impact was
more pronounced on vision-threatening DR (RR=0.89, 95% CI 0.80-0.98, p=0.02). Sedentary behavior could increase
the risk of DR (RR=1.18, 95% CI 1.01-1.37, p=0.04). Moderate-intensity PA was likely to have a slight protective effect
(RR=0.76,95% CI1 0.58-1.00, p=0.05).

Conclusion PA is associated with lower DR risk, and more studies should focus on the causality between them.

Keywords Physical activity - Diabetic retinopathy - Sedentary behavior - Meta-analysis

Introduction

Diabetic retinopathy (DR), a complication of diabetes mel-
litus (DM), is a leading cause of visual impairment and
blindness among people of working age without sexual dif-
ference, seriously affecting people’s health and life quality
worldwide [1, 2]. DR occurs in both type 1 and type 2 DM,
and approximately one in three diabetic patients is affected
by some degree of DR and one in ten will develop vision-
threatening DR (VTDR) [3], which includes severe non-pro-
liferative DR, proliferative DR (PDR) and clinical significant
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macular edema (CSME). The number of DR prevalence is
projected to increase within the next decade as the number
of diabetes is also increasing, particularly in Asian countries
such as Indonesia, India, and China [4-7].

Besides controlling primary disease, the most effective
way to reduce visual impairment relating to DR is to identify
and mitigate related risk factors. A growing body of epide-
miological studies has identified several factors associated
with the incidence or progression of DR, such as glycemic
control, duration of diabetes, systolic and diastolic blood
pressure, high cholesterol and hyperlipidemia, obesity, uri-
nary albumin, etc. [8—10], which are the risk factors of DM,
as well.

Physical activity (PA) is a critical component of lifestyle
intervention in diabetes management and is recommended
by the American Diabetes Association’s (ADA’s) “Stand-
ards of Medical Care in Diabetes” [11] for patients with
DM. Evidence for the benefits of PA in diabetic patients
has been reviewed by the ADA position statement ‘“Physical
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Activity/Exercise and Diabetes” [12]. However, the ADA’s
standards for diabetes [11] also pointed out that PA’s role
in the prevention of diabetes complications, such as DR, is
still not clear enough [13]. Many studies have worked on
this problem, but the results varied from each other. Both
inverse [14, 15] and positive [16] association between PA
and DR has been reported, while some studies suggested no
significant association between them [17-20]. In addition,
adverse events due to exercise, such as retinal hemorrhage,
were also reported in DR patients [21].

Hence, based on the various evidences above, we con-
ducted a systematic review and meta-analysis of available
literature to further assess the association between PA and
DR, which may be helpful in DR management.

Methods
Search strategy

This meta-analysis was conducted following the guidance
of PRISMA [22]. We searched three electronic databases
covering the period up to June 2018: Medline (accessed by
PubMed), EmBase, and Cochrane Library. The search terms
and strategies for PubMed were (Exercise, Physical Exer-
cise, Physical activity, Exercise Therapy, Exercise Move-
ment Techniques, Resistance Training, Muscle Stretching
Exercises, Exercise Isometric, Isometric Exercises, Isomet-
ric Exercise, Exercise Aerobic, Aerobic Exercises, Aero-
bic Exercise, Pilates Exercise, Pilates Training, Training
Resistance, Strength Training, Weight Lifting, Strengthen-
ing Program, Weight Bearing, Warm Up Exercise, Exercise
Therapies, Strength Training, Strengthening Programs,
Weight Lifting Exercise Program, Weight Bearing Strength-
ening Program, Weight Bearing Exercise Program, Motion
Therapy, Continuous Passive, and Plyometric Exercise), and
(diabetic retinopathy, diabetes mellitus retinopathy, diabetes
retinopathy, diabetic retinitis, diabetic retinopathy, and retin-
opathia diabetica). We also manually searched for additional
studies concerning PA and DR in the reference lists of the
identified trials or reviews, but not included in the literature
search result. We applied no restrictions of language.

Inclusion and exclusion criteria

After the duplicates removed, all the titles and abstracts
of the articles identified through both database searching
and other sources were screened, and then, full-text articles
were reviewed by Chi Ren and Weiming Liu and included
in meta-analysis basing on the pre-defined criteria, namely:
(1) investigated on human beings other than experimental
animals; (2) included physical activity as a study risk factor
or variable; (3) reported outcome of DR; and (4) presented
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odds ratio (OR), risk ratio (RR), or hazard ratio (HR), or
original data which allowed the calculation of OR/RR/HR
values.

Studies were excluded if any of the following criteria
were identified: (1) case reports or case series; (2) not con-
ducted in human; (3) concerned drug effects or specific con-
ditions (e.g., eye surgery, hypertension, or combined other
lifestyle intervention); and (4) the data in the study were
obviously paradoxical or not presented clearly enough.

Data extraction and assessment of study quality

From eligible studies to be included in the review, two
authors (Chi Ren and Jianqging Li) independently extracted
the following information: name of the first author, publica-
tion year, location where the study was performed, study
design, follow-up period, number of case/cohort, age range,
type of DM, DR evaluation, measurements for PA, variables
adjusted for in the analysis, and OR/RR/HR value with a
95% confidence interval (95% CI). To avoid the possibility
of double counting of patients included in more than one
report by the same authors or research groups, the recruit-
ment periods of each study were evaluated. Disagreements
were resolved through discussion between two reviewers
(Chi Ren and Jianging Li) or adjudication by a senior author
(Peirong Lu).

Quality assessment

Since there was no assessment method suitable for various
study type (i.e., cross-sectional study and cohort study),
we designed an assessment scale with 11 items based on
Newcastle Ottawa Scale (NOS) [23], recommendation of
Agency for Healthcare Research and Quality (AHRQ) [24],
and STROBE statement [25]. Each item in the scale should
be answered with ‘yes’, ‘no’, or ‘unclear’, and an item would
be scored ‘1’ when the answer was ‘yes’; otherwise, the item
would be scored ‘0’. Quality of the included studies was
assessed by two reviewers (Chi Ren and Weiming Liu) inde-
pendently; disagreements were resolved by a senior author
(Peirong Lu). A study with eight or more scores would be
defined as high quality.

Statistical analysis

For meta-analysis, under the assumption that RRs were
accurate approximations of ORs and HRs, RRs with 95%
CI were assessed to determine the strength of association
between PA and DR risk. To reduce the potential variation
due to different PA measurements between studies or more
than two categories defined in a single study, participants
were ranked as sedentary if they fell in the lowest activ-
ity category in a specific study, and as active otherwise. If
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a study reported results separately by subgroups, but not
combined, we used a fixed-effects model (FEM) to obtain an
overall estimate for the main analysis. If both of adjusted and
unadjusted data were reported in the same article, adjusted
data were used for assessment. The results were summarized
into a single RR with 95% CI if they were provided by gen-
der or other categories in an article.

Pooled-analysis results were calculated as the inverse
variance weighted mean of the logarithm of RR with 95%
CI to assess the strength of association between PA and risk
of DR. We also conducted subgroup analyses by study char-
acteristics (e.g., study design, geographic location, adjust-
ments, or matched for other variables) and by patient char-
acteristics (e.g., gender and type of DM).

The Cochran’s Q test was used to assess heterogeneity
of the studies, with a threshold p value of 0.10 for signifi-
cance [26]. We also used the /? test for heterogeneity evalu-
ation. The FEM was used as the pooling method if pp > 0.10
or moderate or lower heterogeneity (1> < 50%) was found;
otherwise, the random-effects model (REM) was adopted
(Pg<0.10 or I*>50%).

Moreover, a sensitivity analysis was performed by remov-
ing one study at a time to assess whether the results could be
affected markedly by a single study [27]. Potential publica-
tion bias was evaluated by Egger’s regression test [28] and
Begg’s rank correlation test [29], and presented visually by
a funnel plot.

Statistical analyses were carried out using the STATA
software package (version 12.0; STATA Corp., College Sta-
tion, TX). Statistical significance was taken as p <0.05.

Results
Literature search and study selection

Figure 1 demonstrates the details of study selection in this
meta-analysis. In brief, we initially identified 1432 articles
in total. 85 articles were identified potentially relevant stud-
ies concerning PA and DR, and three [30—32] of them were
manually identified through other sources. 63 studies were
excluded after full-text screening, among which 35 studies
included no relevant outcome or exposure, 18 studies con-
tained insufficient data, 3 studies combined PA with other
interventions, 6 studies were duplicate reports from the same
study population as other studies, and 1 study contained par-
adoxical data. The remaining 22 studies [14-20, 30, 33—46]
were finally included in this meta-analysis.

Reports identified through
database searching (n=1403)
PubMed (n=407)
Embase (n=938)
Cochrane Library (n=58)

] !

‘ Reports after duplicates removed (n=1207)

Additional reports
identified through
other sources (n=29)

Identification

Screening

Reports excluded
> based on title or
abstract (n=1122)

|

.

Full-test articles assessed for
eligibility (n=85)

Full-text articles excluded: (n=63)
Not relevant outcome (n=25)

Not relevant exposure (n=10)
Insufficient data (n=18)

Combined with other interventions
(n=3)

Duplicate reports on the same study
population (n=6)

Paradoxical data (n=1)

Eligibility

Studies included in quantitative
synthesis(meta-analysis)
(n=22)

Inclusion

Fig. 1 Flowchart showing the process of literature search and study
selection. Additional reports identified through other sources: any
potentially relevant studies concerning physical activity and diabetic
retinopathy in the reference lists of the identified trials or reviews but
not included in the literature search result

Study characteristics and quality assessment

Table 1 shows the detailed characteristics of these studies.
A total of 63,936 individuals from America [15, 18-20,
39, 45, 46], Europe [14, 30, 36, 42], Asia [16, 17, 33-35,
37, 38, 40, 41, 44] and Australia [43] were included. In
all, it was possible to identify 15 cross-sectional studies
[14, 15,17, 19, 30, 34-38, 40—-43, 46], six cohort studies
[16, 20, 33, 39, 44, 45] and one longitudinal study [18].
The longest study period was 15 years [44], and the study
periods were different among the included studies. Adjust-
ments differed between the studies, including sex, age,
BMI, HbAlc level, diabetes duration, race, educational
level, smoking status, drinking status, etc.

The scale used in quality assessment is demonstrated by
Table 2 and the results are shown in Table 1. In general,
quality of evidence was high for the association between
PA and DR (20 of 22).

Pooled-analysis results
We first analyzed the overall association between PA and
DR, and obtained the RR of 0.94 (95% CI 0.90-0.98,

p=0.005, I*=78.9%, Ppeerogencity < 0-001) (Fig. 2), indi-
cating a slight but effective reduction in the risk of DR
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Table 2 Quality assessment scale

Items

Answer? Score®

. Was the study a cohort study?
. Was the spectrum of participants’ representative?
. Were the inclusion and exclusion criteria clearly described?

. Were the source of data and recruitment period clearly described?

. Was the DR case definition adequate?
. Was the PA definition adequate?

O 00 1 O Lt A W N~

. Were there multiple ratings for PA for different categories of exposure?

. Were all of the statistical analysis methods in the study clearly described?

. Were exposure and unexposure groups matched in the design or cofounders adjusted for analysis?

10. Did all of the included population participated in or responded to the study? If not, was the withdrawals

reported or discussed ?°

11. Whether the study discussed the limitation and potential bias of the study?

Total score

#Each item in the scale should be answered with ‘yes’, ‘no’, or ‘unclear’

Y An item would be scored ‘1’ when the answer was ‘yes’; otherwise, the item would be scored ‘0’

“The answer to the item would be ‘yes’ if either of the two questions is answered with ‘yes’

for individuals who were physically active compared to
inactive ones.

Association between PA of different intensity
and DR

Seven studies [17, 20, 30, 34, 37, 40, 42] divided PA into
several categories according to intensity level (Fig. 3).
Activities of moderate intensity [17, 20, 37, 40, 42] were
more likely to exert a salubrious impact on DR (RR=0.76,
95% CI 0.58-1.00, p =0.05) than low intensity [30, 37] and
high [17, 20, 34, 37, 42] intensity.

Association between PA and vision-threatening DR

Seven studies [17, 18, 20, 30, 45-47] provided risk esti-
mates of PA in relation to vision-threatening DR (VTDR)
(RR=0.89, 95% C10.80-0.98, p=0.02) (Fig. 4). This result
highlighted the importance of being physically active for
VTDR.

Association between sedentary behavior and DR

Eight studies [16, 17, 19, 30, 36, 38, 40, 42] reported on
sedentary behavior in relation to DR, and the pooled analysis
revealed that sedentary lifestyle would significantly increase
the probability of having DR in DM patients (RR=1.18,
95% CI 1.01-1.37, p=0.04) (Fig. 5). This result further sup-
ported the assumption that PA lowered risks of DR.

Subgroup analyses results

A series of subgroup analyses were also conducted (Table 3).
Pooled RR of 15 cross-sectional studies [14, 15, 17, 19, 30,
34-38, 40-43, 46] indicated the protective effect of PA on
DR, while the pooled RR of six cohort studies [16, 20, 33,
39, 44, 45] did not. Adjusted estimates from 17 studies
[14-20, 33, 35-37, 39, 41-45] favored PA, while unadjusted
estimates from five studies [30, 34, 38, 40, 46] showed no
significant result. Two studies [47, 48] were excluded from
overall analysis due to duplicated population, but some data
from these two studies were used in the gender subgroup
analysis, instead of the two studies previously included in
the overall analysis [19, 20] which lacked enough detailed
data. PA’s influence on risk of DR showed almost no sexual
difference. In addition, our subgroup analyses revealed that
none of study design, adjustments, geographic location, or
type of DM could influence heterogeneity.

Publication bias and sensitivity assessment

Neither Egger’s regression test (p =0.06) nor Begg’s rank
correlation test (p =0.46) indicated any publication bias
(Fig. 6). In the sensitivity analysis, removal of one study
[14] could materially alter the results, which could be the
source of heterogeneity (Fig. 7).
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Study %
ID RR (95% CI) Weight
cross-sectional :
D.P Dharmastuti (2018) —:1— 0.99 (0.61,1.62) 0.73
C. She (2017) : * 1.47 (0.73,2.97) 0.36
A. Praidou (2017) - 0.73 (0.66, 0.80)  10.47
P.D. Loprinzi (2016) :0 1.00 (0.99, 1.01)  22.58
Z.P. Yan (2016) * : 0.71(0.13,3.87) 0.06
B. Bohn (2015) L 4 1.01(0.95,1.08) 15.21
Y. Li (2015) —+ 0.94 (0.50,1.79) 0.43
J. Wang (2014) —{-b— 1.03 (0.85,1.24) 4.05
J.Y. Yang (2013) X 2 1.02 (1.01,1.03) 22.53
N. Li (2013) —0—;— 0.73(0.51,1.05) 1.32
M.R. Janevic (2013) —_—— : 0.54 (0.36,0.81) 1.04
F. Carral (2013) * 0.71(0.43,1.17)  0.70
G. Tikellis (2010) —0—: 0.80(0.69, 0.93) 5.94
J. Wad'en (2008) —0-{-- 0.85(0.67, 1.06) 2.98
A. Kriska (1991) —_— 0.78 (0.46, 1.33)  0.60
Subtotal (I-squared = 81.4%, p = 0.000) 0 0.94 (0.91,0.98) 89.00
1
cohort E
H. Kuwata (2017) —_—— 0.71(0.57,0.89) 2.99
A. Bener (2014) : —_—— 1.91(1.30,2.82) 1.13
C.BT.Makura (2013) -:--0— 1.12(0.86, 1.46) 2.34
K. R. Ahmed (2011) —— 1.10 (0.80, 1.30) 2.68
K. Cruickshanks (1995) g : 0.68 (0.27,1.73) 0.21
R. E. Laporte (1986) —_—— 0.76 (0.53,1.09) 1.28
Subtotal (I-squared = 78.6%, p = 0.000) <> 1.00 (0.75,1.34)  10.63
1
- 1
longitudinal :
Y.Q. Chen (2015) *+— 0.78 (0.39, 1.56)  0.37
Subtotal (I-squared =.%, p =.) -'C> 0.78 (0.39, 1.56)  0.37
1
Overall (I-squared = 78.9%, p = 0.000) ¢I 0.94 (0.90, 0.98)  100.00
NOTE: Weights are from random effects analysis :
T I I
13 1 7.69

Fig.2 Forest plot summarizing the association between physical activity and diabetic retinopathy using the random-effects model. Significance
test for overall effect: p=0.005. Dashed line indicates overall estimate. Bars indicate 95% confidence interval (CI). RR risk ratio

Discussion

To our knowledge, this meta-analysis is the first to assess
the relationship between PA and DR risk. Our analysis
revealed that staying more physically active was associated
with lower DR risk, and the impact was more pronounced
for VIDR. Moreover, activities of moderate intensity were
beneficial, while sedentary behavior could significantly
increase DR risk. These results were in line with the general
conception of PA as a protective factor of DR, sending out a
public message of diabetic patients being physically active
to maintain ocular health.

Association between PA and DR

Our results revealed the linkage of PA to DR risk (RR=0.94,
95% CI10.90-0.98, p=0.005). Since PA is recommended by
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authoritative guidelines for diabetes in different parts of the
world [11, 49-51], PA would benefit not only diabetes but
also its complications such as DR.

Although PA is widely recommended and appealed for,
the level of PA is still low in many places around the world
[52]. It has been well established that physical inactivity
is associated with higher risk of diabetes, and may be the
principal cause for approximately one-fourth cases of the
disease [53]. Ample evidence has suggested the contribution
that inactivity made to diabetic complications [16, 30, 54,
55]. In this study, we highlighted higher risk of DR in dia-
betic patients who were more sedentary. The negative impact
of sedentary behavior on DR seemed even more significant
than the positive impact of PA.

Evidence for the effects of low-, moderate-, and high-
intensity activities was still insufficient in our assessment.
While moderate-intensity activities [17, 20, 37, 40, 42]
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Study %
ID RR (95% Cl) Weight
low-intensity
Y. Li (2015) —_— 0.71(0.47, 1.08) 47.49
J. Wad'en (2008) —_—— 1.49 (1.15, 1.93) 52.51
Subtotal (I-squared = 88.6%, p = 0.003) <> 1.05 (0.51, 2.16) 100.00
moderate-intensity
D.P. Dharmastuti (2018) —_— 0.73 (0.36, 1.48) 13.57
Y. Li (2015) —_—— 0.41 (0.20, 0.83) 13.26
N. Li (2013) —_—— 0.73(0.51, 1.05) 38.02
F. Carral (2013) —_— 0.91 (0.44, 1.88) 12.83
K. Cruickshanks (1995) —_— 1.08 (0.64, 1.82) 22.33
Subtotal (I-squared = 18.9%, p = 0.294) O 0.76 (0.58, 1.00) 100.00
vigorous-intensity
D.P. Dharmastuti (2018) ——— 0.89 (0.57, 1.37) 55.08
C. She (2017) —_— 1.42 (0.65, 3.12) 16.81
Y. Li (2015) * > 1.54 (0.15, 15.14) 1.94
F. Carral (2013) —_—— 0.61(0.26, 1.44) 1417
K. Cruickshanks (1995) +* 0.68 (0.27, 1.73) 12.00
Subtotal (I-squared = 0.0%, p = 0.615) <:> 0.89 (0.65, 1.23) 100.00
NOTE: Weights are from random effects analysis
| [
.0661 1 15.1

Fig.3 Forest plot showing the association between physical activity
and diabetic retinopathy across different activity intensities using the
random-effects model. Significance test for subgroup estimates: low

seemed to have a salubrious positive effect. Another finding
in our study was the remarkable protective effect of PA on
VTDR. It appears worth mentioning that if VTDR is pre-
sent, then vigorous-intensity aerobic or resistance exercise
should be avoided to reduce the risk of triggering vitreous
hemorrhage or retinal detachment [21, 56]. Besides, exag-
gerated blood pressure responses to exercise were found in
PDR patients [57]. Vigorous exercise-related Valsalva-type
maneuvers may induce the occurrence of hemodynamic pro-
cess, which elevate systolic blood pressure, subsequently
rising the likelihood of ocular hemorrhage [58, 59] and lead-
ing to worse prognosis [60]. Moreover, vigorous exercises
generally involve anaerobic metabolism which has different
effects from aerobic activity, and could be harmful [58].
High heterogeneity existed among studies and was not
influenced by study design, adjustments, geographic loca-
tion, or type of DM. This might be due to the diversity in
population stratification, inclusion and exclusion criteria,
ways for measurement of PA and lengths of follow-up, etc.
Sensitivity analysis revealed that the removal of one study
[14] significantly altered the result of overall analysis, which

intensity, p=0.90; moderate intensity, p=0.05; vigorous intensity,
p=0.48. Bars indicate 95% confidence interval (CI). RR risk ratio

might contribute to the heterogeneity. The possible causes
could be as follows: First, the number of participants was
smaller than other studies as only 320. Second, the age range
of participants was narrow (46—67 years) and relatively older
than others, and no adjustment was made to it. Third, the
inclusion criteria made restrictions to visual acuity and dura-
tion of DM, while the others did not. Fourth, in this study,
DR was diagnosed with optical coherence tomography
(OCT) and fundus fluorescence angiography (FFA), while,
in others, diagnosis was mostly performed using fundus
photography.

Underlying mechanisms of PA’s effects on DR

DR is a disease characterized by morphological lesions, sec-
ondary to retinal auto-regulation disorder, which is assumed
related to disturbances in retinal blood flow [61-64]. Dila-
tion of retinal arteriolar is related to the development of DR
and may predict the early retinopathy in individuals with
diabetes [65—69]. Earlier studies demonstrated a significant
correlation between PA and retinal microvascular signs,
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Fig.4 Forest plot summarizing the association between physical activity and vision-threatening diabetic retinopathy using the fixed-effects
model. Significance test for estimate: p =0.02. Bars indicate 95% confidence interval (CI). RR risk ratio
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Fig.5 Forest plot summarizing the association between sedentary behavior and diabetic retinopathy using the random-effects model. Signifi-
cance test for estimate: p=0.04. Bars indicate 95% confidence interval (CI). RR risk ratio
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Table 3 Results of subgroup

. No. studies  RR (95% CI) pvalue I-square (%)  Test for heterogene-
aqalysw between PA and DR ity within subgroup (p
with pooled RR value)

Study design
Cross-sectional 15 0.94 (0.91-0.98) <0.01 81.4 <0.01
Cohort 6 1.00 (0.75-1.34) 098  78.6 <0.01
Longitudinal 1 0.78 (0.39-1.56) 049 NA NA
Adjustments
Yes 17 0.94 (0.90-0.99) 0.01 82.7 <0.01
No 5 0.91 (0.77-1.07) 026 265 0.24
Geographic location
America 7 0.86 (0.71-1.04) 0.12  56.5 0.03
Europe 0.84 (0.67-1.05) 0.12  90.8 <0.01
Asia 10 1.01 (0.87-1.16) 0.93 63.4 0.06
Australia 1 0.80 (0.69-0.93) <0.01 NA NA
Gender
Male 4 0.99 (0.95-1.01) 0.35 21 0.28
Female 4 0.96 (0.91-1.01) 022 46 0.14
Type of DM
T1DM 0.86 (0.73-1.01) 0.06  58.0 0.02
T2DM 0.99 (0.79-1.24) 094 693 <0.01

RR risk ratio, CI confidence interval, PA physical activity, DR diabetic retinopathy, DM diabetes mellitus,
T1DM type 1 diabetes mellitus, 72DM type 2 diabetes mellitus, NA not applicable

Begg’s funnel plot with pseudo 95% confidence limits

2 -

5
s.e. of: log[rr]

Fig.6 Funnel plot for physical activity with diabetic retinopathy

such as retinal venules and arteriolar caliber [70, 71]. Wider
central retinal venular equivalent (CRVE) was reported in
diabetic patients who were less physically active [43, 72],
and increased retinal blood flow during exercise was also
observed [73, 74]. Retinal production of two major vaso-
dilators, nitric oxide synthase (NOS) and cyclooxygenase
(COX), increased in arterial blood and skeletal muscles of
diabetic patients after exercise [75, 76]. These results indi-
cated that PA exerted its effects through altering retinal
blood flow.

Glycemic control, reflected by HbAlc level, is a funda-
mental part of diabetes management and strongly related to

Meta—analysis random—effects estimates (exponential form)
Study ommited

D.P Dharmastuti |
C. She | g |
H. Kuwata | o |
A. Praidou | D
P.D. Loprinzi q |
Z.P.Yan
Y.Q. Chen |
B. Bohn | o |
Y. Li |

A. Bener |

J. Wang |
JY. Yang
N.Li | o |
M.R. Janevic | o |
F. Carral | |
C.BT.Makura | (e} |
K. R. Ahmed | o |
G. Tikellis | (o] |

J. Wad’en | [c}
K. Cruickshanks D |
O

A. Kriska |
R. E. Laporte |

0.82 0.90 0.94 0.98 1.02

Fig. 7 Sensitivity analysis of the association between physical activ-
ity and diabetic retinopathy

DR status [77-79]. Meta-analysis by Umpierre et al. [80]
concluded that more structured exercise training, meeting
ADA'’s guideline (> 150 min per week), and receiving PA
advice alone were associated with more HbAlc decline in
T2DM patients. Meta-analysis by Boniol et al. [81] also
achieved similar conclusion, suggesting a possible mecha-
nism of PA’s impact on DR through improving glycemic
control.

Another possible mechanism is alteration of 25-hydrox-
yvitamin D (250H-D) level. Ample evidence has showed
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that higher PA level is beneficial for 250H-D status in peo-
ple of all ages [82—-87]. Keech et al. [88] reported lower
blood 250H-D concentration related to a higher odds of
macrovascular and microvascular events (including DR) in
the FIELD cohort [89-91], and this relationship was fur-
ther confirmed by meta-analysis (pooled OR =2.03, 95% CI
1.07-3.86, p=0.03) [92]. Notably, 250H-D is a metabolite
produced by liver, generally used to determine the vitamin
D status. Ortlepp JR et al. [93] also reported that PA’s effects
on fasting glucose levels might depend on vitamin D recep-
tor genotype. All this suggested potential roles of 250H-D
and vitamin D may play in PA’s benefits, and further studies
are needed to confirm this assumption.

As oxidative stress and inflammation reported to be
involved in the pathogenesis of DR [94, 95], antioxidant and
anti-inflammatory therapy has showed bright perspectives
in DR treatment [96, 97]. Ample evidence has displayed
modulation of oxidative stress and inflammation by exercise
[98]. Several experiments have demonstrated reduced oxida-
tive stress in mice retina during exercise with progression of
DR inhibited [99-102] and a remarkable shift of activated
microglia from a pro-inflammatory M1 to an anti-inflam-
matory M2 phenotype in streptozotocin-induced rat model
after treadmill exercise [103]. The evidence above indicated
another mechanism of PA’s effects.

Several investigations have been conducted into sin-
gle-nucleotide polymorphisms (SNPs) related to PA,
e.g., SLC30AS (rs13266634) and near IRS-1 (rs2943641,
rs1522813) [104, 105], which were further found related to
DR [106, 107].

Limitations of our study

There were some limitations in this meta-analysis.

Since most of the included studies were cross-sectional
studies, although our results showed the correlation of PA to
DR, the causality between them was still not clear enough.

Self-reported PA could not precisely reflect actual PA
level, especially when PA was divided into several catego-
ries, i.e., occupational PA, transportational PA, housework-
related PA, or the duration and intensity per session. Defini-
tion of PA level varied among studies, as well, which might
influence the results.

High heterogeneity was identified in this meta-analysis,
and we found out one study [14] which might contribute
to this. Beside the factors mentioned in subgroup analy-
ses, many other factors could also influence the hetero-
geneity and the result of this meta-analysis, such as age
range of participants, ways of DR evaluation, and adjust-
ment/matched items. In addition, although many studies
adjusted some important cofounding factors, the potential
influence of undefined or unmeasured factors on hetero-
geneity could not be ignored.

@ Springer

Moreover, PA level was likely to reduce due to visual
impact caused by DR or presence of other DM complica-
tions, and possibly related to other risk factors of DR, so
the effects of PA alone might be over-estimated to some
extent.

Conclusion

PA is related to lower risk of DR, and the impact is
stronger on VTDR. Moderate-intensity PA is more recom-
mended, and sedentary lifestyle should be avoided. Further
research should focus on the causality between PA and DR
and consider the possible mechanisms. Understanding the
systematic factors associated with DR risk may help clini-
cians and patients in DR management.

Acknowledgements This work was partly supported by the National
Natural Science Foundation of China (NSFC No. 81671641), Natural
Science Foundation of Jiangsu Province (No. BK20151208), Jiangsu
Provincial Medical Innovation Team (No. CXTDA2017039), and the
Soochow Scholar Project of Soochow University (No. R5122001).

Author contributions CR and PL conceived of the idea and designed
the study. CR, WL, and JL collected the data. CR, JX, and YC per-
formed the data analysis. CR, WL, and PL participated in the critical
revision of the manuscript. All authors read and approved the final
manuscript.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Human and animal rights This article does not contain any studies
with human participants or animals performed by any of the authors.

Ethical approval As this was a review study, no ethics approval was
required.

Informed consent For this type of study, informed consent was not
required.

References

1. Stolk RP, Vingerling JR, de Jong PT et al (1995) Retinopathy,
glucose, and insulin in an elderly population. The Rotterdam
Study Diabetes 44(1):11-15

2. Aiello LP, Gardner TW, King GL et al (1998) Diabetic retin-
opathy. Diabetes Care 21(1):143-156

3. Cho NH, Kirigia J, Mbanya JC et al (2017) IDF Diabetes Atlas.
8th edn. International Diabetes Federation (IDF). http://www.
diabetesatlas.org. Accessed 12 Oct 2018

4. Beagley J, Guariguata L, Weil C et al (2014) Global estimates
of undiagnosed diabetes in adults. Diabetes Res Clin Pract
103(2):150-160


http://www.diabetesatlas.org
http://www.diabetesatlas.org

Acta Diabetologica

10.

11.

12.

13.

16.

17.

18.

20.

21.

22.

23.

Guariguata L, Whiting DR, Hambleton I et al (2014) Global
estimates of diabetes prevalence for 2013 and projections for
2035. Diabetes Res Clin Pract 103(2):137-149

Song P, YuJ, Chan KY et al (2018) Prevalence, risk factors and
burden of diabetic retinopathy in China: a systematic review
and meta-analysis. J Glob Health 8(1):010803

National Eye Institute (2010) Diabetic retinopathy. National
eye institute (NEI). https://nei.nih.gov/eyedata/diabetic.
Accessed 12 Oct 2018

Dowse GK, Humphrey AR, Collins VR et al (1998) Prevalence
and risk factors for diabetic retinopathy in the multiethnic pop-
ulation of Mauritius. Am J Epidemiol 147(5):448-457
Stratton IM, Kohner EM, Aldington SJ et al (2001) UKPDS
50: risk factors for incidence and progression of retinopathy
in Type II diabetes over 6 years from diagnosis. Diabetologia
44(2):156-163

Atchison E, Barkmeier A (2016) The role of systemic risk factors
in diabetic retinopathy. Curr Ophthalmol Rep 4(2):84-89
American Diabetes Association (2018) Lifestyle management:
standards of medical care in diabetes—2018. Diabetes Care
41:S38-S50

Colberg SR, Sigal RJ, Yardley JE et al (2016) Physical activity/
exercise and diabetes: a position statement of the American dia-
betes association. Diabetes Care 39(11):2065-2079

Magliano DJ, Barr EL, Zimmet PZ et al (2008) Glucose indi-
ces, health behaviors, and incidence of diabetes in Australia: the
Australian Diabetes, Obesity and Lifestyle Study. Diabetes Care
31(2):267-272

Praidou A, Harris M, Niakas D et al (2017) Physical activity
and its correlation to diabetic retinopathy. J Diabetes Compl
31(2):456-461

. Janevic MR, McLaughlin SJ, Connell CM (2013) The associa-

tion of diabetes complications with physical activity in a repre-
sentative sample of older adults in the United States. Chronic Illn
9(4):251-257

Bener A, Al-Laftah F, Al-Hamaq AO et al (2014) A study of dia-
betes complications in an endogamous population: an emerging
public health burden. Diabetes Metab Syndr 8(2):108-114
Dharmastuti DP, Agni AN, Widyaputri F et al (2018) Associa-
tions of physical activity and sedentary behaviour with vision-
threatening diabetic retinopathy in indonesian population
with type 2 diabetes mellitus: Jogjakarta Eye Diabetic Study
in the Community (JOGED.COM). Ophthalmic Epidemiol
25(2):113-119

Chen Y, Sloan FA, Yashkin AP (2015) Adherence to diabe-
tes guidelines for screening, physical activity and medica-
tion and onset of complications and death. J Diabetes Compl
29(8):1228-1233

Loprinzi PD (2016) Association of accelerometer-assessed sed-
entary behavior with diabetic retinopathy in the United States.
JAMA Ophthalmol 134(10):1197-1198

Cruickshanks KJ, Moss SE, Klein R et al (1995) Physical activity
and the risk of progression of retinopathy or the development of
proliferative retinopathy. Ophthalmology 102(8):1177-1182
Schneider SH, Khachadurian AK, Amorosa LF et al (1992) Ten-
year experience with an exercise-based outpatient life-style modi-
fication program in the treatment of diabetes mellitus. Diabetes
Care 15(11):1800-1810

Moher D, Liberati A, Tetzlaff J et al (2009) Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. BMJ 339:b2535

Wells G, Shea B, O’connell D et al (2014) The Newcastle-Ottawa
Scale (NOS) for assessing the quality of nonrandomised studies
in meta-analyses. http://www.ohri.ca/programs/clinical_epide
miology/oxford.asp. Accessed 12 Oct 2018

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Rostom A, Dube C, Cranney A et al (2004) Celiac disease. (Evi-
dence Reports/Technology Assessments, No. 104). Agency for
Healthcare Research and Quality (AHRQ), Rockville, US. https
://www.ncbi.nlm.nih.gov/books/NBK35156/. Accessed 12 Oct
2018

von Elm E, Altman DG, Egger M et al (2008) The strength-
ening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational
studies. J Clin Epidemiol 61(4):344-349

Cochran WG (1954) The combination of estimates from different
experiments. Biometrics 10(1):101-129

Tobias A (1999) Assessing the influence of a single study in the
meta-analysis estimate. Stata Tech Bull 47:15-17

Egger M, Davey Smith G, Schneider M et al (1997) Bias
in meta-analysis detected by a simple, graphical test. BMJ
315(7109):629-634

Begg CB, Mazumdar M (1994) Operating characteristics
of a rank correlation test for publication bias. Biometrics
50(4):1088-1101

Waden J, Forsblom C, Thorn LM et al (2008) Physical activity
and diabetes complications in patients with type 1 diabetes: the
Finnish Diabetic Nephropathy (FinnDiane) Study. Diabetes Care
31(2):230-232

Slotte JP (2013) Biological functions of sphingomyelins. Prog
Lipid Res 52(4):424-437

Balducci S, Vulpiani MC, Pugliese L et al (2014) Effect of
supervised exercise training on musculoskeletal symptoms and
function in patients with type 2 diabetes: The Italian Diabetes
Exercise Study (IDES). Acta Diabetol 51(4):647-654

Kuwata H, Okamura S, Hayashino Y et al (2017) Higher levels
of physical activity are independently associated with a lower
incidence of diabetic retinopathy in Japanese patients with type 2
diabetes: a prospective cohort study, Diabetes Distress and Care
Registry at Tenri (DDCRT15). PLoS One 12(3):e0172890

She C, Shang F, Zhou K et al (2017) Serum carotenoids and
risks of diabetes and diabetic retinopathy in a Chinese Population
Sample. Metallomics 17(4):287-297

Yan ZP, Ma JX (2016) Risk factors for diabetic retinopathy in
northern Chinese patients with type 2 diabetes mellitus. Int J
Ophthalmol 9(8):1194-1199

Bohn B, Herbst A, Pfeifer M et al (2015) Impact of physical
activity on glycemic control and prevalence of cardiovascular
risk factors in adults with type 1 diabetes: a cross-sectional mul-
ticenter study of 18,028 patients. Diabetes Care 38(8):1536-1543
Li Y, Wu QH, Jiao ML et al (2015) Gene-environment interaction
between adiponectin gene polymorphisms and environmental
factors on the risk of diabetic retinopathy. J Diabetes Investig
6(1):56-66

Wang J, Chen H, Zhang H et al (2014) The performance of a
diabetic retinopathy risk score for screening for diabetic retin-
opathy in Chinese overweight/obese patients with type 2 diabetes
mellitus. Ann Med 46(6):417-423

Makura CB, Nirantharakumar K, Girling AJ et al (2013) Effects
of physical activity on the development and progression of
microvascular complications in type 1 diabetes: retrospective
analysis of the DCCT study. BMC Endocr Disord 13(1):37

Li N, Yang XF, Deng Y et al (2013) Diabetes self-management
and its association with diabetic retinopathy in patients with type
2 diabetes. Zhonghua Yan Ke Za Zhi 49(6):500-506

Yang JY, Kim NK, Lee YJ et al (2013) Prevalence and factors
associated with diabetic retinopathy in a Korean adult popula-
tion: the 2008-2009 Korea National Health and Nutrition Exami-
nation Survey. Diabetes Res Clin Pract 102(3):218-224

Carral F, Gutiérrez JV, Ayala MDC et al (2013) Intense physical
activity is associated with better metabolic control in patients
with type 1 diabetes. Diabetes Res Clin Pract 101(1):45-49

@ Springer


https://nei.nih.gov/eyedata/diabetic
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ncbi.nlm.nih.gov/books/NBK35156/
https://www.ncbi.nlm.nih.gov/books/NBK35156/

Acta Diabetologica

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Tikellis G, Anuradha S, Klein R et al (2010) Association between
physical activity and retinal microvascular signs: the Athero-
sclerosis Risk in Communities (ARIC) Study. Microcirculation
17(5):381-393

Ahmed KR, Karim MN, Bukht MS et al (2011) Risk factors
of diabetic retinopathy in Bangladeshi type 2 diabetic patients.
Diabetes Metab Syndr 5(4):196-200

LaPorte RE, Dorman JS, Tajima N et al (1986) Pittsburgh
insulin-dependent diabetes mellitus morbidity and mortality
study: physical activity and diabetic complications. Pediatrics
78(6):1027-1033

Kriska AM, LaPorte RE, Patrick SL et al (1991) The associa-
tion of physical activity and diabetic complications in individu-
als with insulin-dependent diabetes mellitus: the Epidemiol-
ogy of Diabetes Complications Study—VII. J Clin Epidemiol
44(11):1207-1214

Loprinzi PD, Brodowicz GR, Sengupta S et al (2014) Acceler-
ometer-assessed physical activity and diabetic retinopathy in
the United States. JAMA Ophthalmol 132(8):1017-1019
Cruickshanks KJ, Moss SE, Klein R et al (1992) Physical activ-
ity and proliferative retinopathy in people diagnosed with dia-
betes before age 30 year. Diabetes Care 15(10):1267-1272
Diabetes Canada Clinical Practice Guidelines Expert Committe
(2018) Diabetes Canada 2018 clinical practice guidelines for
the prevention and management of diabetes in Canada. Can J
Diabetes 42(Suppl1):S1-S325

Inzucchi SE, Bergenstal RM, Buse JB et al (2015) Management
of hyperglycemia in type 2 diabetes, 2015: a patient-centered
approach: update to a position statement of the American Dia-
betes Association and the European Association for the Study
of Diabetes. Diabetes Care 38(1):140-149

. Adolfsson P, Riddell MC, Taplin CE et al (2018) ISPAD clini-

cal practice consensus guidelines 2018: exercise in children
and adolescents with diabetes. Pediatr Diabetes 19 Suppl
27:205-226

World Health Organization (2010) WHO guidelines approved by
the guidelines review committee. Global recommendations on
physical activity for health. World Health Organization (WHO),
Switzerland. http://www.who.int/dietphysicalactivity/factsheet_
recommendations/en/. Accessed 12 Oct 2018

World Health Organization (2009) Global health risks: mortality
and burden of disease attributable to selected major risks. World
Health Organization (WHO), Switzerland. http://www.who.int/
healthinfo/global_burden_disease/

Sigal RJ, Kenny GP, Wasserman DH et al (2006) Physical activ-
ity/exercise and type 2 diabetes: a consensus statement from the
American Diabetes Association. Diabetes Care 29(6):1433-1438
Colberg SR, Sigal RJ, Fernhall B et al (2010) Exercise and type
2 diabetes: the American College of Sports Medicine and the
American Diabetes Association: joint position statement execu-
tive summary. Diabetes Care 33(12):2692-2696

Colberg SR (2013) Exercise and diabetes: a clinician’s guide to
prescribing physical activity, 1st edn. American Diabetes Asso-
ciation, Alexandria

Osei K (1987) Ambulatory and exercise-induced blood pressure
responses in type I diabetic patients and normal subjects. Diabe-
tes Res Clin Pract 3(3):125-134

Graham C, Lasko-McCarthey P (1990) Exercise options for per-
sons with diabetic complications. Diabetes Educ 16(3):212-220
Hamdy O, Goodyear LJ, Horton ES (2001) Diet and exercise
in type 2 diabetes mellitus. Endocrinol Metab Clin North Am
30(4):883-907

American Diabetes Association (2018) Cardiovascular dis-
ease and risk management: standards of medical care in diabe-
tes-2018. Diabetes Care 41(Suppl 1):S86-Ss104

@ Springer

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

Cheung N, Mitchell P, Wong TY (2010) Diabetic retinopathy.
Lancet 376(9735):124-136

Pemp B, Schmetterer L (2008) Ocular blood flow in diabe-
tes and age-related macular degeneration. Can J Ophthalmol
43(3):295-301

Kohner EM, Patel V, Rassam SM (1995) Role of blood flow and
impaired autoregulation in the pathogenesis of diabetic retinopa-
thy. Diabetes 44(6):603-607

Frederiksen CA, Jeppesen P, Knudsen ST et al (2006) The
blood pressure-induced diameter response of retinal arterioles
decreases with increasing diabetic maculopathy. Graefes Arch
Clin Exp Ophthalmol 244(10):1255-1261

Alibrahim E, Donaghue KC, Rogers S et al (2006) Retinal vas-
cular caliber and risk of retinopathy in young patients with type
1 diabetes. Ophthalmology 113(9):1499-1503

Benitez-Aguirre P, Craig ME, Sasongko MB et al (2011) Retinal
vascular geometry predicts incident retinopathy in young people
with type 1 diabetes: a prospective cohort study from adoles-
cence. Diabetes Care 34(7):1622—-1627

Sasongko MB, Wang JJ, Donaghue KC et al (2010) Alterations
in retinal microvascular geometry in young type 1 diabetes. Dia-
betes Care 33(6):1331-1336

Rogers SL, Tikellis G, Cheung N et al (2008) Retinal arteri-
olar caliber predicts incident retinopathy: the Australian dia-
betes, obesity and lifestyle (AusDiab) study. Diabetes Care
31(4):761-763

Pedersen L, Jeppesen P, Knudsen ST et al (2014) Improvement of
mild retinopathy in type 2 diabetic patients correlates with nar-
rowing of retinal arterioles. A prospective observational study.
Graefes Arch Clin Exp Ophthalmol 252(10):1561-1567
Anuradha S, Healy GN, Dunstan DW et al (2011) Associations of
physical activity and television viewing time with retinal vascular
caliber in a multiethnic Asian population. Invest Ophthalmol Vis
Sci 52(9):6522-6528

Anuradha S, Healy GN, Dunstan DW et al (2011) Physical activ-
ity, television viewing time, and retinal microvascular caliber:
the multi-ethnic study of atherosclerosis. Am J Epidemiol
173(5):518-525

Keel S, Itsiopoulos C, Koklanis K et al (2017) Vascular risk
factors are associated with retinal arteriolar narrowing and venu-
lar widening in children and adolescents with type 1 diabetes. J
Pediatr Endocrinol Metab 30(3):301-309

Hayashi N, Ikemura T, Someya N (2011) Effects of dynamic
exercise and its intensity on ocular blood flow in humans. Eur J
Appl Physiol 111(10):2601-2606

Zhang Y, San Emeterio Nateras O, Peng Q et al (2012) Blood
flow MRI of the human retina/choroid during rest and isometric
exercise. Invest Ophthalmol Vis Sci 53(7):4299-4305
Kellawan JM, Johansson RE, Harrell JW et al (2015) Exer-
cise vasodilation is greater in women: contributions of nitric
oxide synthase and cyclooxygenase. Eur J Appl Physiol
115(8):1735-1746

Paulsen G, Mikkelsen UR, Raastad T et al (2012) Leucocytes,
cytokines and satellite cells: what role do they play in muscle
damage and regeneration following eccentric exercise? Exerc
Immunol Rev 18:42-97

American Diabetes Association (2018) 10. Microvascular com-
plications and foot care: standards of medical care in diabe-
tes-2018. Diabetes Care 41(Suppl 1):S105-Ss118

Solomon SD, Chew E, Duh EJ et al (2017) Erratum. Diabetic
retinopathy: a position statement by the american diabetes asso-
ciation. Diabetes Care 40(9):412—418 (Diabetes Care 40:1285)
Lachin JM, White NH, Hainsworth DP et al (2015) Effect of
intensive diabetes therapy on the progression of diabetic retin-
opathy in patients with type 1 diabetes: 18 years of follow-up in
the DCCT/EDIC. Diabetes 64(2):631-642


http://www.who.int/dietphysicalactivity/factsheet_recommendations/en/
http://www.who.int/dietphysicalactivity/factsheet_recommendations/en/
http://www.who.int/healthinfo/global_burden_disease/
http://www.who.int/healthinfo/global_burden_disease/

Acta Diabetologica

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Umpierre D, Ribeiro PA, Kramer CK et al (2011) Physical activ-
ity advice only or structured exercise training and association
with HbAlc levels in type 2 diabetes: a systematic review and
meta-analysis. JAMA 305(17):1790-1799

Boniol M, Dragomir M (2017) Physical activity and change in
fasting glucose and HbAlc: a quantitative meta-analysis of ran-
domized trials. Acta Diabetol 54(11):983-991

Al-Othman A, Al-Musharaf S, Al-Daghri NM et al (2012) Effect
of physical activity and sun exposure on vitamin D status of
Saudi children and adolescents. BMC Pediatr 12:92

Scott D, Blizzard L, Fell J et al (2010) A prospective study of
the associations between 25-hydroxy-vitamin D, sarcopenia
progression and physical activity in older adults. Clin Endo-
crinol (Oxf) 73(5):581-587

Klenk J, Rapp K, Denkinger M et al (2015) Objectively meas-
ured physical activity and vitamin D status in older people
from Germany. J Epidemiol Community Health 69(4):388-392
Makanae Y, Ogasawara R, Sato K et al (2015) Acute bout of
resistance exercise increases vitamin D receptor protein expres-
sion in rat skeletal muscle. Exp Physiol 100(10):1168-1176
Black LJ, Burrows SA, Jacoby P et al (2014) Vitamin D status
and predictors of serum 25-hydroxyvitamin D concentrations
in Western Australian adolescents. Br J Nutr 112(7):1154-1162
Anand S, Kaysen GA, Chertow GM et al (2011) Vitamin D
deficiency, self-reported physical activity and health-related
quality of life: the Comprehensive Dialysis Study. Nephrol Dial
Transplant 26(11):3683-3688

Herrmann M, Sullivan DR, Veillard AS et al (2015) Serum
25-hydroxyvitamin D: a predictor of macrovascular and micro-
vascular complications in patients with type 2 diabetes. Diabe-
tes Care 38(3):521-528

Keech AC, Mitchell P, Summanen PA et al (2007) Effect of
fenofibrate on the need for laser treatment for diabetic retin-
opathy (FIELD study): a randomised controlled trial. Lancet
370(9600):1687-1697

Keech A, Simes RJ, Barter P et al (2005) Effects of long-term
fenofibrate therapy on cardiovascular events in 9795 people
with type 2 diabetes mellitus (the FIELD study): randomised
controlled trial. Lancet 366(9500):1849-1861

Davis TM, Ting R, Best JD et al (2011) Effects of fenofibrate
on renal function in patients with type 2 diabetes mellitus:
the Fenofibrate Intervention and Event Lowering in Diabetes
(FIELD) Study. Diabetologia 54(2):280-290

Luo BA, Gao F, Qin LL (2017) The association between vita-
min D deficiency and diabetic retinopathy in type 2 diabetes:
a meta-analysis of observational studies. Nutrients 9:3
Ortlepp JR, Metrikat J, Albrecht M et al (2003) The vitamin D
receptor gene variant and physical activity predicts fasting glu-
cose levels in healthy young men. Diabet Med 20(6):451-454
Kowluru RA, Kowluru A, Mishra M et al (2015) Oxidative
stress and epigenetic modifications in the pathogenesis of dia-
betic retinopathy. Prog Retin Eye Res 48:40-61

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Arroba Al, Valverde AM (2017) Modulation of microglia in
the retina: new insights into diabetic retinopathy. Acta Diabetol
54(6):527-533

Wu Y, Tang L, Chen B (2014) Oxidative stress: implications
for the development of diabetic retinopathy and antioxidant
therapeutic perspectives. Oxid Med Cell Longev 2014:752387
Zorena K (2014) Anti-inflammatory therapy in diabetic retin-
opathy. Mediators Inflamm 2014:947896

Sallam N, Laher I (2016) Exercise modulates oxidative stress
and inflammation in aging and cardiovascular diseases. Oxid
Med Cell Longev 2016:7239639

Kim CS, Park S, Chun Y et al (2015) Treadmill exercise attenu-
ates retinal oxidative stress in naturally-aged mice: an immu-
nohistochemical study. Int J] Mol Sci 16(9):21008-21020
Kruk J, Kubasik-Kladna K, Aboul-Enein HY (2015) The role
oxidative stress in the pathogenesis of eye diseases: current
status and a dual role of physical activity. Mini Rev Med Chem
16(3):241-257

Allen RS, Hanif AM, Gogniat MA et al (2018) TrkB signal-
ling pathway mediates the protective effects of exercise in the
diabetic rat retina. Eur J Neurosci 47(10):1254-1265

Cui JZ, Wong M, Wang A et al (2016) Exercise inhibits pro-
gression of diabetic retinopathy by reducing inflammatory,
oxidative stress, and ER stress gene expression in the retina of
db/db mice. Invest Ophthalmol Vis Sci 57(12):5434

Lu Y, Dong Y, Tucker D et al (2017) Treadmill exercise exerts
neuroprotection and regulates microglial polarization and oxi-
dative stress in a streptozotocin-induced rat model of sporadic
alzheimer’s disease. J Alzheimers Dis 56(4):1469-1484
Sprouse C, Gordish-Dressman H, Orkunoglu-Suer EF et al
(2014) SLC30A8 nonsynonymous variant is associated with
recovery following exercise and skeletal muscle size and
strength. Diabetes 63(1):363-368

He MA, Workalemahu T, Cornelis MC et al (2011) Genetic vari-
ants near the IRS1 gene, physical activity and type 2 diabetes in
US men and women. Diabetologia 54(6):1579-1582

Fu LL, Lin Y, Yang ZL et al (2012) Association analysis of
genetic polymorphisms of TCF7L2, CDKALI1, SLC30AS,
HHEX genes and microvascular complications of type 2 diabetes
mellitus. Zhonghua Yi Xue Yi Chuan Xue Za Zhi 29(2):194—-199
Lavin DP, White MF, Brazil DP (2016) IRS proteins and diabetic
complications. Diabetologia 59(11):2280-2291

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Physical activity and risk of diabetic retinopathy: a systematic review and meta-analysis
	Abstract
	Aims 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction and assessment of study quality
	Quality assessment
	Statistical analysis

	Results
	Literature search and study selection
	Study characteristics and quality assessment
	Pooled-analysis results
	Association between PA of different intensity and DR
	Association between PA and vision-threatening DR
	Association between sedentary behavior and DR
	Subgroup analyses results
	Publication bias and sensitivity assessment

	Discussion
	Association between PA and DR
	Underlying mechanisms of PA’s effects on DR
	Limitations of our study

	Conclusion
	Acknowledgements 
	References


