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ABSTRACT
Aims/Introduction: We assessed the relationship between diabetic retinopathy (DR)
and/or diabetic kidney disease (DKD) according to their severity and all-cause, cancer, vas-
cular and non-cancer non-vascular mortality in real-world patients with type 2 diabetes.
Materials and Methods: A total of 1,902 patients with type 2 diabetes were enrolled
from 1995 to 1999 and followed to 2017. At baseline, DR was diagnosed in 374 patients,
DKD in 529, vision-threatening DR in 123 and advanced DKD in 287. Patients were classi-
fied by the status of DR and DKD. Multivariate Cox regression analysis was carried out.
Results: There were 266 deaths during a median follow-up period of 18.6 years. Among
these, 92 were from cancer, 78 were from vascular causes and 82 were from non-cancer
non-vascular causes. DR and/or DKD predicted all-cause, vascular and non-cancer non-vas-
cular mortality, but not cancer mortality. Similarly, vision-threatening DR and/or advanced
DKD predicted all-cause, vascular and non-cancer non-vascular mortality, but not cancer
mortality. Hazard ratios for all-cause, vascular and non-cancer non-vascular mortality were
highest in the DR(+)DKD(+) group, and higher in the DR(-)DKD(+) and the DR(+)DKD(-)
groups than in the DR(-)DKD(-) group. The results for vision-threatening DR and
advanced DKD were similar. The interaction for non-cancer non-vascular mortality, but not
all-cause and vascular mortality, between DR and DKD and between vision-threatening
DR and advanced DKD might be significant.
Conclusions: DR and DKD may be jointly and independently associated with all-cause,
vascular and non-cancer non-vascular mortality, but not cancer mortality, according to
their severity in real-world patients with type 2 diabetes.

INTRODUCTION
Cancer and cardiovascular disease (CVD) account for a large
number of causes of death worldwide. Each of these diseases is
a distinct and independent disease, but they have various simi-
larities, including a number of common risk factors, such as
diabetes and obesity. Emerging evidence on chronic inflamma-
tion, oxidative stress and reactive oxygen species, and additional
mechanisms (e.g., hormones, cytokines, growth factors and

other metabolic reactions), indicates a shared biology of cancer
and CVD1–3.
Diabetes affects CVD and the neoplastic process through sev-

eral mechanisms including hyperinsulinemia, hyperglycemia,
insulin-like growth factor, and inflammation1. Epidemiological
studies suggest that type 2 diabetes is associated with an
increased risk for some cancers, such as liver, pancreatic,
endometrial, colon and rectum, breast, and bladder cancers4,5.
Type 2 diabetes and cancer share some risk factors, such as
aging, obesity, diet and physical inactivity, but potentialReceived 1 December 2019; revised 16 March 2020; accepted 29 March 2020
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biological associations between these two diseases are not fully
understood. Furthermore, diabetes is also related to non-cancer
non-vascular death as a result of infectious diseases, external
causes, intentional self-harm and degenerative disorders, inde-
pendent of several major risk factors6.
Diabetic retinopathy (DR) and diabetic kidney disease

(DKD), which are specific microvascular complications of dia-
betes, increase the risk of CVD morbidity and mortality in
patients with type 2 diabetes7–12. Among Japanese patients with
diabetes, the most common cause of death is cancer13–15.
Whether DR and DKD independently predict mortality, espe-
cially cancer and non-cancer non-vascular mortality, remains
unclear. Furthermore, the effect of the biological interaction16–19

between DR and DKD on mortality, according to the severity
of these microvascular complications, is unclear.
Therefore, we assessed the relationship between DR and/or

DKD and mortality due to all causes, cancer, vascular causes,
and non-cancer non-vascular causes in patients with type 2
diabetes according to the severity of these microvascular com-
plications. Additionally, the biological interaction of coexisting
DR and DKD was analyzed according to their severity.

METHODS
Study participants
A flowchart of patients included in this study is shown in Fig-
ure 1. A total of 5,510 patients initially visited our clinic from
1995 to 1999 and were screened for eligibility. Of these 5,510
patients, 1,928 were diagnosed with type 2 diabetes and were
followed up for ≥1 year. Of these 1,928 patients, 26 had miss-
ing data (14 for retinopathy, 10 for smoking and/or drinking,
one for urine protein level, and one for serum lipid levels).
Therefore, 1,902 patients were included in this retrospective
cohort study. The 1,902 patients were subsequently followed for
survival to 2017 and were provided with questionnaires.
This study protocol was approved by the ethics committee of

the Institute for Adult Diseases, Asahi Life Foundation in
accordance with the Japanese Government’s Ethical Guidelines
for Medical and Health Research Involving Human Subjects.
The study protocol conforms to the provisions of the Declara-
tion of Helsinki. The use of the opt-out approach for consent
in the clinic was approved by the committee.

Assessment of DR and DKD
At baseline, DR was evaluated by ophthalmologists with a sub-
specialty in diabetes. The existence and severity of DR were
determined by a mydriatic indirect funduscopic examination, a
slit-lamp biomicroscopic fundus examination using a precorneal
lens, and fluorescein angiography if necessary. DR treated with
photocoagulation for progressive DR (severe non-proliferative
or proliferative DR)20 before the first visit or within 1 year after
the first visit was defined as vision-threatening DR (VTDR).
Serum creatinine levels, which were measured by the Jaffe–

Rate method until 11 June 1995, were converted to enzy-
matic method equivalents by a linear regression equation,

which was derived from duplicate assays. The estimated
glomerular filtration rate (eGFR) was calculated using the
equation that was advocated by the Japanese Society of
Nephrology21. Urine protein was measured by a test strip,
and an automated urine chemistry analyzer (Siemens Health-
care K.K., Tokyo, Japan) was used from March 1995. Urine
protein – and 1 + correspond to urine protein concentrations
of 0.15 g/L and 0.3 g/L, respectively. DKD was defined as
urine protein ≥– or an eGFR <60 mL/min/1.73 m2.
Advanced DKD was defined as urine protein ≥1+ or an
eGFR <45 mL/min/1.73 m2.

Assessment of end-points
End-points were determined as death from all causes, cancer,
vascular causes and non-cancer non-vascular causes. A com-
plete review of medical records, which were written by the
attending physicians, and questionnaire responses from family
members provided these end-points. The causes of death
were identified using unified criteria. Patients who were lost
to follow-up were regarded as censored cases at their final
visit to the clinic. Unknown causes of death were excluded
in the analysis for cancer, vascular and non-cancer non-vas-
cular mortality.

Measurements of covariates
We measured various covariates, including glycated hemoglobin
(HbA1c) levels, blood pressure (BP), total cholesterol (TC)
levels and high-density lipoprotein cholesterol levels, as previ-
ously reported22. Patients who drink ≥20 g of alcohol per day
were designated as drinkers.

5,510 patients who first visited our clinic between 1995
and 1999 were screened for eligibility

3,582 patients were ineligible
No diagnosis of type 2 diabetes or
follow-up for <1 year

1,928 patients were diagnosed with type 2 diabetes
and were followed up for ≥1 year

1,902 patients were followed up to 2017

14 patients had missing data for retinopathy
10 patients had missing data for smoking
and/or drinking
1 patient had missing data for urine protein levels
1 patient had missing data for serum lipid levels

Figure 1 | Flowchart of the patients included in the present study.
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Statistical analysis
Continuous variables are shown as the mean – standard devia-
tion. Categorical variables are described by number (%). The
follow-up period is expressed as the median (interquartile
range) because of its skewed distribution. Differences in baseline
characteristics between study participants who completed and
those who did not complete follow up were analyzed. The Stu-
dent’s t-test and Wilcoxon rank-sum test were used to analyze
continuous variables, whereas the v2-test was used to analyze
categorical variables. Differences in baseline characteristics
among four groups, which were categorized according to the
presence or absence of DR and DKD, or the presence or
absence of VTDR and advanced DKD were also analyzed.
ANOVA and the Scheff�e test were used to analyze continuous
variables, and the Cochran–Armitage trend test was used to
analyze categorical variables.
Kaplan–Meier curves of the four groups categorized by the

DR and DKD status for all-cause, cancer, vascular and non-
cancer non-vascular mortality were plotted, and the distribution
of survival was compared across categories using the log–rank
test. The proportional hazard assumption was tested using log–
log plots. Multivariate Cox proportional hazard models were
used to determine the hazard ratios for all-cause, cancer, vascu-
lar and non-cancer non-vascular mortality related to DR and
DKD or VTDR and advanced DKD. In detail, explanatory vari-
ables included the following categories: DR(+) in model 1,
DKD(+) in model 2, DR(+) and DKD(+) in model 3, and DR
(–)DKD(–), DR(–)DKD(+), DR(+)DKD(–) and DR(+)DKD(+)
in model 4. Similarly, VTDR(+) was included in model 5,
advanced DKD(+) in model 6, VTDR(+) and advanced DKD
(+) in model 7, and VTDR(–) advanced DKD(–), VTDR(–)
advanced DKD(+), VTDR(+) advanced DKD(–) and VTDR(+)
advanced DKD(+) in model 8. Models 1–8 were constructed
for each of the four outcomes. Covariates were age, sex, dura-
tion of diabetes, body mass index (BMI), HbA1c levels, systolic
BP (SBP), TC levels, high-density lipoprotein cholesterol levels,
smoking status and alcohol consumption at baseline.
Biological interaction was calculated to evaluate the com-

bined effects of DR and DKD or those of VTDR and advanced
DKD on mortality along with their independent effects16–19.
Three measures of biological interaction, including the relative
excess risk due to interaction (RERI), the attributable propor-
tion due to interaction (AP) and the synergy index (S), were
calculated as described by Andersson et al.17 When there is no
biological interaction, RERI = 0 and AP = 0, and S = 119.
All data were analyzed using SAS software (version 9.4; SAS

Institute, Cary, NC, USA). A P-value of <0.05 (two-sided) was
considered significant.

RESULTS
DR was diagnosed in 374 patients, DKD in 529, VTDR in 123
and advanced DKD in 287 at baseline. There were 266 deaths
during a median follow-up period of 18.6 years (interquartile
range 9.7–20.7 years). Of the 266 deaths, 92 were from cancer,

78 were from vascular causes and 82 were from non-cancer
non-vascular causes, including 27 from infection, 12 from renal
failure, nine from respiratory disease, seven from digestive dis-
ease, one from diabetes and 26 from other causes (senility,
drowning, a fall, cervical spine injury due to a fall, burn, heat
stroke, asphyxia, multiple organ failure, amyotrophic lateral
sclerosis, subdural hematomas due to a fall and a traffic acci-
dent). Additionally, 14 deaths had unknown causes. Of the 92
cancer deaths, 19 were due to lung cancer, 18 to pancreatic
cancer, 10 to colon cancer, nine to liver cancer, six to stomach
and prostate cancer, five to blood cancer, four to bile duct can-
cer, three to esophageal cancer, two to hypopharyngeal cancer,
and nine to other types of cancer (one case each of the adrenal
gland, bladder, brain, breast, duodenum, gallbladder, ileocecal
region, kidney, uterus and unknown). The crude incidence
ratios (1,000 person-years) were 9.07 (95% confidence interval
[CI] 4.81–13.33) for all-cause mortality, 3.16 (95% CI 0.63–
5.69) for cancer mortality, 2.68 (95% CI 0.35–5.01) for vascular
mortality and 2.81 (95% CI 0.42–5.20) for non-cancer non-vas-
cular mortality. The overall follow-up rate was 66.9% (1,272/
1,902). The baseline clinical characteristics of the patients who
completed and those who did not complete follow up are
shown in Table S1. A significantly higher rate of men
(P = 0.008) and alcohol drinkers (P = 0.001), a significantly
lower rate of patients with DKD (P = 0.002) and those with
advanced DKD (P = 0.021), and a significantly lower BMI
(P = 0.043) were observed in patients who completed follow
up compared with those who did not complete follow up.
The baseline clinical characteristics of patients who were clas-

sified according to the status of DR and DKD are shown in
Table 1. Patients with both DR and DKD were older; less likely
to be men; current smokers; drinkers; had a longer duration of
diabetes; higher HbA1c, SBP, DBP and TC levels; a lower
eGFR; and comprised a higher proportion of users of oral
antidiabetic drugs, insulin and antihypertensive agents at base-
line compared with those with neither DR nor DKD (all
P < 0.05). Similar trends in patients with both DR and DKD
were observed for age, the duration of diabetes, HbA1c levels,
SBP, DBP, TC levels and eGFR compared with those with
either DR or DKD (all P < 0.05). Additionally, patients with
both VTDR and advanced DKD were older; less likely to be
men; current smokers; drinkers; had a longer duration of dia-
betes; higher HbA1c levels, SBP, DBP and TC levels; a lower
eGFR; and comprised a higher proportion of users of insulin,
antihypertensive agents and lipid-lowering agents at baseline
compared with those with neither VTDR nor advanced DKD
(all P < 0.05). Similar trends in patients with both VTDR and
advanced DKD were observed for the duration of diabetes,
HbA1c levels, SBP, TC levels and eGFR compared with those
with either VTDR or advanced DKD (all P < 0.05).
Kaplan–Meier curves of the four groups categorized by DR

and DKD for all-cause, cancer, vascular and non-cancer non-
vascular mortality are shown in Figure 2. Compared with the
DR(–)DKD(–) group, the DR(–)DKD(+) and the DR(+)DKD
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(–) groups had lower survival, and the DR(+)DKD(+) group
had the lowest survival for all-cause, vascular and non-cancer
non-vascular mortality (log–rank test all P < 0.0001), but not
cancer mortality (Figure 2). Additionally, Kaplan–Meier curves
of the four groups categorized by VTDR and advanced DKD
for all-cause, cancer, vascular, and non-cancer non-vascular
mortality are also shown in Figure S1). Compared with the
VTDR(–) advanced DKD(–) group, the VTDR(–) advanced
DKD(+) and the VTDR(+) advanced DKD(–) groups had
lower survival, and the VTDR(+) advanced DKD(+) group had
the lowest survival for all-cause, vascular and non-cancer non-
vascular mortality (log–rank test all P < 0.0001), but not cancer
mortality (Figure S1).
Multivariate Cox proportional hazards models for all-cause,

cancer, vascular and non-cancer non-vascular mortality related
to DR and DKD are shown in Table 2. Age, sex, duration of

diabetes, BMI, HbA1c, SBP, TC, high-density lipoprotein
cholesterol, smoking status and alcohol consumption at baseline
were adjusted in all models. In model 1, the presence of DR
was a significant predictor of all-cause, vascular and non-cancer
non-vascular mortality (P = 0.0002, P = 0.003 and P = 0.002,
respectively), but not cancer mortality. In model 2, the presence
of DKD was a significant predictor of all-cause, vascular and
non-cancer non-vascular mortality (P = 0.003, P = 0.002 and
P = 0.003, respectively), but not cancer mortality. In model 3,
DR and DKD simultaneously predicted all-cause mortality
(P = 0.001 and P = 0.016, respectively), vascular mortality
(P = 0.014 and P = 0.007, respectively) and non-cancer non-
vascular mortality (P = 0.008 and P = 0.011, respectively), but
not cancer mortality. In model 4, patients were categorized into
four groups according to the presence or absence of DR and
DKD. Hazard ratios for all-cause, vascular and non-cancer
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non-vascular mortality were highest in the DR(+)DKD(+)
group (P < 0.0001, P = 0.0006 and P < 0.0001, respectively),
and higher in the DR(-)DKD(+) group (P = 0.010, P = 0.0004
and P = 0.15, respectively) and the DR(+)DKD(-) group
(P = 0.001, P = 0.0005 and P = 0.18, respectively) than in the
DR(-)DKD(-) group.
Multivariate Cox proportional hazards models for all-cause,

cancer, vascular and non-cancer non-vascular mortality related
to VTDR and advanced DKD are shown in Table 3. The
covariates of all models in Table 3 were the same as those
shown in Table 2. In model 5, the presence of VTDR was a
significant predictor of all-cause, vascular and non-cancer non-
vascular mortality (P < 0.0001, P = 0.001 and P < 0.0001,
respectively), but not cancer mortality. In model 6, the presence
of advanced DKD was a significant predictor of all-cause, vas-
cular and non-cancer non-vascular mortality (P = 0.0001,
P = 0.003 and P < 0.0001, respectively), but not cancer mortal-
ity. In model 7, VTDR and advanced DKD simultaneously pre-
dicted all-cause mortality (P = 0.0001 and P = 0.002,
respectively), vascular mortality (P = 0.007 and P = 0.013,
respectively) and non-cancer non-vascular mortality
(P = 0.0009 and P = 0.0003, respectively), but not cancer mor-
tality. In model 8, patients were categorized into four groups
according to the presence or absence of VTDR and advanced
DKD. Hazard ratios for all-cause, vascular and non-cancer
non-vascular mortality were highest in the VTDR(+) advanced
DKD(+) group (all P < 0.0001), and higher in the VTDR(-)
advanced DKD(+) group (P = 0.018, P = 0.041 and P = 0.005,
respectively) and the DVTR(+) advanced DKD(-) group
(P = 0.019, P = 0.11, and P = 0.047, respectively) than in the
VTDR(-) advanced DKD(-) group.
With regard to biological interaction between DR and DKD,

estimates of RERI, AP and S were - 0.225 (95% CI -1.191–
0.740), -0.104 (95% CI -0.567–0.360) and 0.838 (95% CI
0.397–1.773) for all-cause mortality, -1.869 (95% CI -4.890–
1.152), -0.525 (95% CI -1.515–0.465) and 0.578 (95% CI
0.243–1.373) for vascular mortality, and 1.673 (95% CI -0.562–
3.908), 0.432 (95% CI 0.012–0.852) and 2.394 (95% CI 0.666–
8.605) for non-cancer non-vascular mortality, respectively. Simi-
lar to the biological interaction between DR and DKD, for that
between VTDR and advanced DKD, estimates of RERI, AP
and S were 1.263 (95% CI -0.613–3.140), 0.345 (95% CI -
0.052–0.742) and 1.904 (95% CI 0.735–4.935) for all-cause mor-
tality, 1.929 (95% CI -2.175–6.032), 0.385 (95% CI -0.225–
0.995) and 1.928 (95% CI 0.487–7.631) for vascular mortality,
and 4.106 (95% CI -1.721–9.933), 0.515 (95% CI 0.080–0.950)
and 2.432 (95% CI 0.791–7.481) for non-cancer non-vascular
mortality, respectively. As a result, biological interactions
between DR and DKD for all-cause and vascular mortality were
not significant, because the lower limits of the 95% CIs of RERI
and AP were <0, and that of S was <1. Similarly, the biological
interactions between VTDR and advanced DKD for all-cause
and vascular mortality were not significant. However, the inter-
action for only non-cancer non-vascular mortality between DRTa
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and DKD, and that between VTDR and advanced DKD
appeared to be significant, because the lower limit of the 95%
CI of AP was >0.

DISCUSSION
In the present study, DR and DKD predicted all-cause, vascu-
lar and non-cancer non-vascular mortality, but not cancer
mortality, independently of each other in real-world patients
with type 2 diabetes. VTDR and advanced DKD were more
powerful predictors of all-cause, vascular and non-cancer non-
vascular mortality, but not cancer mortality, than DR and
DKD. The combined effect of DR and DKD for all-cause,
vascular and non-cancer non-vascular mortality may increase
depending on the severity of these microvascular complica-
tions, with a potential synergistic effect for non-cancer non-
vascular mortality.
The National Health and Nutrition Examination Surveys

1988–1994 and 2005–2008 showed that DR and chronic kidney
disease significantly increased the risk for all-cause mortal-
ity23,24, which supports the present findings. In a previous
study, the causes of death among 45,708 Japanese patients with
diabetes (29,801 men and 15,907 women) who died at 241 hos-
pitals nationwide from 2001–2010 were examined on the basis
of hospital records13. This previous study showed that cancer
(38.3%) was the most common cause of death, followed by
infections (17.0%) and vascular disease (14.9%). Our study
showed that DR and DKD or VTDR and advanced DKD were
associated with vascular and non-cancer non-vascular mortality,
but not cancer mortality. Therefore, these diabetic microvascu-
lar complications may not be relevant to a shared biology of
cancer and CVD. Japanese patients with type 2 diabetes who
develop microvascular complications may have impaired insulin
secretion rather than hyperinsulinemia with insulin resistance
that can contribute to the risk of cancer. Diabetes is also associ-
ated with non-cancer non-vascular death due to infectious dis-
eases, external causes, intentional self-harm and degenerative
disorders, independent of several major risk factors6. To the
best of our knowledge, this is the first study to show that DR
and DKD may be jointly, as well as independently, associated
with non-cancer non-vascular mortality according to their
severity. Further research is warranted to verify the present
results.
Two epidemiological studies assessed the effect of the biologi-

cal interaction between DR and DKD/micro- or macroalbumin-
uria on mortality25,26. One study was from Hong Kong in
which the biological interaction between DR and macroalbu-
minuria significantly affected development of renal events in
patients with type 2 diabetes. This is because the lower limit of
the 95% CIs of RERI and AP were >0, and that of S was >1.
Additionally, the authors found that this interaction signifi-
cantly affected composite end-points, including cardiorenal
end-points and all-cause mortality, because the lower limit of
the 95% CI of only AP was >0. Therefore, the authors of the
previous study concluded that the coexistence of DR andTa
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macroalbuminuria was associated with an increased risk of
composite cardiorenal end-points and death25. The other study
was from Singapore in which the biological interaction between
DR and DKD was not significant for all-cause and cardiovascu-
lar mortality, because the lower limit of the 95% CI of RERI
was <0. In sensitivity analysis, there was no significant interac-
tion between severity categories of DR and DKD for all-cause
mortality26. The results of these two studies are essentially con-
sistent with the results of the present study. In the present
study, the interactions between DR and DKD, and between
VTDR and advanced DKD for non-cancer non-vascular mor-
tality appeared to be potentially significant, because the lower
limit of the 95% CI of AP was >0. Therefore, the coexistence
of DR and DKD might have a synergistic effect on non-cancer
non-vascular mortality, depending on their severity.
The strengths of the present study include the use of real-

world, long-term, follow-up data and accurate diagnosis of DR
by ophthalmologists who subspecialize in diabetic eye diseases,
and timely and appropriate photocoagulation treatment by
them. However, the present study had some possible limita-
tions. First, the design of our study was retrospective. Changes
in laboratory measurement methods can lead to possible infor-
mation bias. However, data from different measurement meth-
ods were transformed by linear regression equations that were
obtained from duplicate assays. Second, the follow-up rate for
survival was relatively low. When we compared baseline char-
acteristics between patients who completed follow up and
those who did not complete follow up, sex, alcohol intake, the
proportions of patients with DKD and those with advanced
DKD, and BMI were significantly different. Third, almost half
of the events were based on questionnaire responses. A com-
plete review of medical records, which were written by the
attending physician, showed 130 (48.9%) deaths, and question-
naire responses from family members confirmed 136 (51.1%)
deaths, including 14 (5.3%) unknown causes of death. There-
fore, the causes of death were determined by a thorough
review of medical records for 130 (51.6%) patients, and were
confirmed based on questionnaire responses for 122 (48.4%)
patients. The causes of death were identified using unified cri-
teria. We add the fact that we unintentionally received a direct
call from some families or received a copy of the death certifi-
cate or the certificate identifying the cause of death attached
to the questionnaire responses. Although effort was made to
avoid misclassification as much as possible, the risk of mis-
classification cannot be completely ruled out. Fourth, interob-
server variability among several ophthalmologists on the
diagnosis of DR could not be evaluated, because this was a
real-world observational study. However, interobserver variabil-
ity among these ophthalmologists could be regarded as small,
because a subspecialty of all of the ophthalmologists was dia-
betic eye diseases. Finally, the participants of our study were
recruited from a single clinic in Japan. Therefore, generaliz-
ability of the present findings to other ethnic populations is
limited.

In conclusion, DR and DKD may be jointly, as well as inde-
pendently, associated with all-cause, vascular and non-cancer
non-vascular mortality, but not cancer mortality, according to
the severity of these microvascular complications in real-world
patients with type 2 diabetes. These findings suggest that peri-
odic screening for DR and DKD, and assessment of their sever-
ity are important for identifying high-risk patients for vascular
and non-cancer non-vascular death. However, different man-
agement and monitoring programs may be required to reduce
the risk of cancer death.
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Figure S1 | Kaplan–Meier curves according to vision-threatening diabetic retinopathy (VTDR) and advanced diabetic kidney dis-
ease (DKD) status for all-cause, cancer, vascular, and non-cancer non-vascular mortality. (a) All-cause mortality. (b) Cancer mortal-
ity. (c) Vascular mortality. (d) Non-cancer non-vascular mortality.
Table S1 | Baseline clinical characteristics of the patients who completed and those who did not complete follow up.
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