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Abstract

Background: Cardiovascular disease (CVD) and nontraumatic lower-limb amputation (LLA) each results in reduced
life expectancy in patients with type 1 diabetes, but the differential burden between these conditions is unknown. We
compared the effects of CVD and LLA on the risk of mortality in people with type 1 diabetes.

Methods: We used pooled data from the SURGENE, GENEDIAB, and GENESIS prospective cohorts. Data were divided
into: 1/absence of CVD (myocardial infarction and/or stroke) nor LLA, 2/history of CVD alone without LLA, 3/LLA
alone without CVD or 4/both conditions at baseline. Participants with baseline history of peripheral artery disease
were excluded from groups 1 and 2. The study endpoint was any death occurring during follow-up, regardless of the
causes.

Results: Among 1169 participants (male 55%, age 40 4= 13 years, diabetes duration 23411 years), CVD, LLA or both
were present at baseline in 49 (4.2%), 62 (5.3%) and 20 (1.7%) subjects, respectively. All-cause death occurred in

304 (26%) participants during 17-year follow-up, corresponding to 18,426 person-years and an incidence rate of 16
(95%Cl, 15-18) per 1000 person-years. The risk of death increased in individuals with baseline history of CVD (adjusted
HR 2.00 [95% Cl 1.34-3.01], p =0.0008) or LLA (2.26 [1.56-3.28], p <0.0001), versus no condition, with an additive effect
in people with both conditions (5.32 [3.14-9.00], p <0.0001). No incremental risk of death was observed in people
with CVD versus LLA (0.87 [0.54-1.41]). Compared with no condition, CVD and LLA were similarly associated with
reduced life expectancy during follow-up: 2.79 (95% Cl 1.26-4.32) and 3.38 (1.87-4.88) years, respectively. Combined
conditions expose to 7.04 (4.76-9.31) less years of life expectancy (all p <0.0001).
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Conclusions: CVD and LLA conferred a similar burden regarding mortality in type 1 diabetes population. Our find-
ings encourage a careful consideration of people with type 1 diabetes and LLA as usually recommended for those
with CVD, in terms of management of risk factors, treatments and prevention.

Keywords: Lower-limb amputation, Cardiovascular disease, Mortality, Myocardial infarction, Stroke, Type 1 diabetes
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Background

Type 1 diabetes is still associated with increased risk of
premature mortality as compared to matched individuals
from the general population, despite success in reducing
risk of diabetes complications over the last decades [1-3].
Cardiovascular disease (CVD) is at least 3-times more
prevalent in people with type 1 diabetes, compared with
individuals without diabetes [4]. It is well established that
CVD accounts for most of the premature deaths occur-
ring in patients with type 1 diabetes [5, 6].

Nontraumatic lower-limb amputations (LLA) is a com-
mon complication, with a much higher prevalence in
people with type 1 diabetes than in persons without dia-
betes [7]. It is a devastating complication, associated with
major disability, worsening quality of life and consider-
able impact on health care systems [8-10]. LLA is also
associated with a significant reduction in life expectancy,
which is usually attributable to coexisting CVD [11, 12].
Beyond increasing the risk of cardiovascular events, LLA
is a sentinel outcome, because risk is affected by many
conditions, especially peripheral artery disease (PAD),
peripheral diabetic neuropathy, diabetic foot ulcera-
tion, and infectious disease [8, 13, 14]. The relationship
between CVD, LLA and death has not been widely evalu-
ated in people with type 1 diabetes, and fragmentary data
have been extrapolated in a large part from studies in
population with type 2 diabetes [15—18]. Notably, the dif-
ference in the lethal burden induced by CVD or LLA in
terms of mortality is still unknown in people with type 1
diabetes. In the current study, we explored whether there
is a prognostic difference between a history of CVD and
non-traumatic LLA in respect of risk of all-cause death in
people with long-standing type 1 diabetes.

Methods

Study participants

We used data from three French and Belgian prospective
cohorts of people with type 1 diabetes [19-21]. The three
studies complied with the Declaration of Helsinki, and
the study protocol of each cohort was approved by the
Ethics Committee of Angers University Hospital (Angers,
France). All participants from the 3 cohorts gave writ-
ten informed consent. Characteristics of participants at
baseline in each single cohort were previously published
[22-25], and are shown in Additional Table 1. Briefly, the

Survival Genetic Nephropathy (SURGENE) study was a
single center, prospective cohort of all volunteers with
type 1 diabetes attending the diabetes clinic at the uni-
versity hospital of Angers, France [19]. Participants were
selected from 1989 to 1996 based on a diagnosis of type 1
diabetes before the age of 40 years, and a duration of dia-
betes longer than 3 years. The Génétique de la Néphropa-
thie Diabétique (GENEDIAB) study was a multi-center
cohort conducted in 17 diabetes clinics in France and
Belgium (see list of centers in Additional File 1). Par-
ticipants were recruited from May 1994 to April 1995
based on the diagnosis of type 1 diabetes before the age
of 35 years, duration of diabetes of at least 5 years, with a
past or present history of pre-proliferative or proliferative
diabetic retinopathy requiring laser photocoagulation
therapy [20]. The Genesis France-Belgique study was a
family-based cohort including probands with type 1 dia-
betes for at least 5 years [21]. Participants were recruited
from November 1998 to December 2000 on the basis of
a diagnosis of type 1 diabetes before the age of 35 years,
with initial ketosis and requirement for permanent insu-
lin treatment within 1 year of diagnosis, and past or pre-
sent diagnosis of diabetic retinopathy. Participants were
followed from enrolment in each corresponding cohort
until death or the latest clinical visit up to May 31, 2019.
Data from the 3 cohorts were pooled together for the cur-
rent analysis. Among 1347 participants enrolled in the 3
cohorts, we excluded 35 participants without LLA data at
baseline and 98 subjects without a known vital status or
follow-up data within the study period (Additional file 4:
Fig. S1). We also excluded 45 participants according to
the definition of the exposure (see below).

Definition of the exposure
Participants were categorized into 4 groups according to
the history of CVD (myocardial infarction and/or stroke)
and non-traumatic LLA at baseline: (1) people without
CVD nor LLA, (2) those with CVD who had not LLA,
(3) those with LLA without CVD, and (4) those with
both CVD and LLA. To reduce the potential confound-
ing effect related to PAD, participants with a baseline his-
tory of PAD in group 1 (n=37) and group 2 (n=_38) were
excluded from the current analysis.

The presence of LLA, myocardial infarction and stroke
was reported at baseline in the case report form by using
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Table 1 Characteristics of participants by history of CVD and LLA at baseline

All participants History of CVD and/or LLA at baseline P

Absent CVD only LLA only Both CVD and LLA

N 1169 1038 49 (4.2) 62 (5.3) 20(1.7)
Cohort membership, n (%) <0.0001
SURGENE 337(29) 330(32) 5(10) 2(3) 0(0)
GENEDIAB 376 (32) 284 (27) 22 (45) 54 (87) 16 (80)
GENESIS 456 (39) 424 (41) 22 (45) 6(10) 4 (20)
Male sex, n (%) 643 (55) 552 (53) 32(65) 41 (66) 18 (90) 0.0009
Age (years) 40+£13 39412 524107 50£12° 51+£10° <0.0001
Age of diabetes onset (years) 1510, 23) 14 (10, 23) 19(11,29) 18 (12, 25) 16 (11, 24) 0.04
Duration of diabetes (years) 23411 22411 31492 32492 34472 <0.0001
Body mass index (kg/m?) 2443 2443 2544 2444 2443 0.20
Tobacco smoking, n (%) <0.0001
Former 119 (10) 91 (9) 9(18) 15 (24) 4 (20)
Current 241 (21) 210 (20) 8(16) 14 (23) 9 (45)
Systolic blood pressure (mmHg) 132+£19 131+£18 140+ 18° 146+ 22° 143+£13° <0.0001
Diastolic blood pressure (mmHg) 76+11 764+11 7849 814+10° 8148 0.0001
HbATc (%) 88418 88418 87411 92427 85+15 033
HbATc (mmol/mol) 72420 72420 71£12 77£29 70£16
Total cholesterol (mmol/l)’ 56+14 56+14 62414 5714 63+1.3° 0.04
eGFR (mL/min/1.73m?) 86£30 89+£28 66+31° 64+32° 61+34° <0.0001
Urinary albumin concentration (mg/l) 14 (6, 94) 13(5,77) 17 (6,501) 91 (16,457) 381 (36,805) <0.0001
Diabetic kidney disease, n (%) 484 (47) 398 (38) 26 (53) 42 (68) 18 (90) <0.0001
Diabetic retinopathy stages, n (%) <0.0001
Non-proliferative 276 (24) 265 (26) 7 (14) 102) 3(15)
Pre-proliferative 182 (16) 160 (15) 9(18) 10 (16) 3(15)
Proliferative 503 (43) 405 (39) 33(67) 51(82) 14 (70)
Peripheral diabetic neuropathy, n (%) 412 (35) 314 (30) 29 (59) 51(82) 18 (90) <0.0001
Peripheral artery disease, n (%) 71(8) 0 0 52(88) 19 (100) <0.0001
Antihypertensive drugs, n (%) 469 (40) 371 (36) 39 (80) 42 (68) 17 (85) <0.0001
Lipid-lowering drugs, n (%) 69 (6) 52 (5) 9(18) 4 (6) 4(20) 0.0002

Quantitative variables are presented as mean =+ SD or as median (25th-75th percentiles) for those with skewed distribution (age of diabetes onset and urinary

albumin concentration)

Comparisons were performed using x2, ANOVA or Kruskal-Wallis tests. Post-hoc test was performed following ANOVA to determine significantly different values

compared to subjects without condition (a). P <0.05 was considered as significant

CVD cardiovascular disease (myocardial infarction and/or stroke), LLA lower-limb amputation

! Data available for 664 participants

a dedicated questionnaire. An independent adjudication
committee validated these conditions based on medical
and surgical reports. Myocardial infarction was diag-
nosed based on the presence of clinical signs, abnor-
malities in electrocardiogram, and elevated enzymatic
biomarkers. Stroke was diagnosed based on abnormal
neurological examination and/or cerebral CT Scan evi-
dence. The history of LLA at baseline was defined as
either a minor (below the ankle amputation consisting of
at least 1-ray metatarsal resection) or major (above the
ankle amputation consisting of transtibial or transfemo-
ral) amputation resulting from nontraumatic causes.

Definition of other clinical conditions at baseline

Peripheral diabetic neuropathy was diagnosed based on the
absence of Achilles reflex and the loss of the 10-g mono-
filament sensation and/or the loss of vibration perception.
Lower-limb PAD was defined as the absence of foot pulses
and/or intermittent claudication. Diabetic retinopathy was
staged as absent, non-proliferative, and proliferative. The
Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) creatinine equation was applied to estimate the glomer-
ular filtration rate (eGFR). History of diabetic kidney disease
(DKD) was defined as eGFR<60 mL/min/1.73 m? and/or
urinary albumin concentration (UAC) > 30 mg/L
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Study endpoint
The endpoint was any death occurring during follow-up,
regardless of the causes. The vital status was obtained
from hospital case records or by contacting the family
physician of the participants. It was cross-checked by
contacting the civil registry of the birth place of partici-
pants. Death cases were centrally reviewed by an inde-
pendent adjudication committee by using hospitalization
records or all other relevant supporting documents.

Data regarding causes of deaths were available only in
a subset of participants. Cardiovascular mortality was
defined as deaths resulting from arrythmia, acute myo-
cardial infarction, heart failure, stroke, cardiovascular
haemorrhage, PAD, end-stage kidney disease, dead in
bed syndrome, sudden deaths or undetermined causes.
Non cardiovascular mortality was defined as deaths
resulting from cancer, infectious, pulmonary, gastrointes-
tinal, hepatobiliary or pancreatic disease, metabolic com-
plications, suicide, drug reaction or overdose, and trauma
or unintentional injuries.

Statistical methods

Quantitative variables were expressed as mean =+ SD
or median (25th, 75th percentiles) for variables with
skewed distribution. Categorical variables were pre-
sented as the number of participants with the corre-
sponding percentage. Chi-squared, ANOVA, Wilcoxon
or Kruskal-Wallis tests were used to compare key
characteristics of participants at baseline.

Kaplan—Meier curves were used to plot survival rates
during follow-up according to the exposure (absence of
CVD and LLA, CVD only, LLA only or both CVD and
LLA). Incidence curves were compared using the log-
rank test. We fitted Cox proportional hazards survival
regression models to estimate hazard ratios (HR), with
associated 95% CI, for all-cause death in participants
with CVD, LLA or both, compared to those without
these conditions at baseline. Analyses were adjusted for
age, sex and cohort membership (model 1), plus other
relevant confounding variables: history of tobacco
smoking, duration of diabetes, HbAlc, BMI, systolic
blood pressure, UAC, eGFR, and use of antihyperten-
sive and lipid-lowering drugs at baseline (model 2). The
Schoenfeld residuals method was used to check the
proportional hazards assumption for the association
between exposure and all-cause death.

We have also estimated the loss in life-time expec-
tancy within study period in participants with baseline
history of CVD, LLA or both conditions, compared
to those without these conditions, using the pseudo-
observation approach on survival data [26, 27].
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We performed a series of sensitivity analyses. First,
we evaluated the association between the exposure and
the endpoint after adjusting for total cholesterol and
history of diabetic peripheral neuropathy and retinopa-
thy stages at baseline (on top of model 2) in a subset of
participants from whom these data were available. Sec-
ond, we assessed the risk of all-cause death according
to baseline history of CVD and/or LLA using an alter-
native definition: without exclusion of participants with
a baseline history of PAD in groups 1 and 2. Third, we
tested the association of interest considering the base-
line history of DKD in the exposure definition. Hence,
participants were categorized into 5 groups: (1) people
without DKD, CVD or LLA; (2) those with DKD, with-
out CVD or LLA; (3) those with CVD without DKD or
LLA; (4) those with LLA without CKD or CVD; and (5)
those with 2 conditions or more. Finally, we assessed
the association between baseline history of CVD or
LLA and the risk of cardiovascular death in a subset
of participants from whom causes of death were docu-
mented (see Additional file 2, 3).

A p value less than 0.05 was considered as significant.
Statistical analyses were performed using SAS software,
version 9.4 (SAS Institute, www.sas.com) and Stata
software, version 13 (StataCorp, www.stata.com).

Results

Characteristics of participants at baseline

Among 1169 participants, 643 (55%) subjects were
men, and 31% former or current tobacco smokers. The
mean =+ SD age, duration of diabetes, HbAlc, systolic and
diastolic blood pressure were 40+ 13 years, 23+ 11 years,
8.8+1.8%, 132+19 and 76+11 mmHg, respectively
(Table 1). A history of CVD and/or LLA was present at
baseline in 131 (11.2%) participants: CVD only 49 (4.2%),
LLA only 62 (5.3%) and both CVD and LLA 20 (1.7%).
Characteristics of participants according to these condi-
tions are shown in Table 1. Participants with a baseline
history of CVD or/and LLA, compared to those without
these conditions, were older, more frequently men and
smokers (Table 1). They had a longer duration of dia-
betes, higher systolic and diastolic blood pressure, total
cholesterol and UAC, and a lower eGER. They were also
more likely to have a history of DKD, proliferative retin-
opathy, or peripheral neuropathy, and to use antihyper-
tensive or lipid-lowering drugs (Table 1). Baseline history
of PAD was present in 88% participants with LLA alone
and 100% of those with both CVD and LLA. By study
design, PAD was absent in participants without CVD nor
LLA and in those with only CVD.
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Incidence of all-cause death during follow-up

Three hundred and four (26%) patients died during a
median (25th, 75th percentiles) duration of follow-up of
17 (10-22) years, corresponding to 18,426 person-years
and an incidence rate of 16 (95% CI, 15-18) per 1000
person-years. Characteristics of participants at baseline
according to the incidence of all-cause death are shown
in Table 2. Patients who died, compared with those who
were still alive within study period, were older at baseline,
and more frequently men (Table 2). They had a longer
duration of diabetes, higher systolic and diastolic blood
pressure, total cholesterol, and UAC, and a lower eGFR.
The baseline history of tobacco smoking, DKD, prolif-
erative retinopathy, peripheral neuropathy or PAD, and
the use of antihypertensive or lipid-lowering drugs were
more frequent in patients who died, compared with those
who were still alive during follow-up (Table 2).

Incidence of all-cause death by baseline history of CVD
and/or LLA

The cumulative incidence and the incidence rates of all-
cause death were significantly higher in participants
with a baseline history of CVD, LLA or both, compared
to those without these conditions (Fig. 1 and Table 3).
The relative risk of all-cause death was higher in partici-
pants with CVD (HR 2.47 [95% CI 1.67-3.66]), LLA (2.38
[1.68-3.38]) or both conditions (8.50 [5.09-14.19]), com-
pared to those without these conditions at baseline, after
adjusting for age, sex and cohort membership (p <0.0001
for all analyses). Similar results were observed after
adjusting for further confounding variables (model 2,
Table 3). No prognostic difference was observed between
baseline history of CVD and LLA in regards of risk of
all-cause death (CVD versus LLA: HR 0.87 [0.54—1.41],
p=0.57) after adjusting for model 2. The presence of
both conditions at baseline, versus CVD alone (HR 2.72,
[1.48-4.99], p=0.001) or versus LLA alone (HR 2.36,
[1.34-4.18], p=0.003), was associated with increased
risk of all-cause death.

Sensitivity analyses

All-cause death by baseline history of CVD and/or LLA using
an extended adjusting model

Associations between baseline history of CVD and/or
LLA and all-cause death had similar magnitudes after
adjustment for total cholesterol and history of diabetic
peripheral neuropathy and retinopathy stages at baseline
(further to adjusting for model 2) in 633 participants for
whom these data were available: CVD alone (1.75 [1.03—
2.96], p=0.04), LLA alone (1.98 [1.31-3.00], p=0.001),
or both CVD and LLA (4.75 [2.57-8.78], p<0.0001).
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Table 2 Characteristics of participants at baseline by the
incidence of all-cause death during follow-up

All-cause death P

No Yes
N 865 304
Cohort membership, n (%) <0.0001
SURGENE 275(32) 62 (20)
GENEDIAB 212 (25) 164 (54)
GENESIS 378 (44) 78 (26)
Male sex, n (%) 452 (52) 191 (63) 0.001
Age (years) 37+11 49413 <0.0001
Age of diabetes onset (years) 14(10,22) 17(12,27) <0.0001
Duration of diabetes (years) 21+£11 30+£10 <0.0001
Body mass index (kg/m2) 2443 24+4 036
Tobacco smoking, n (%) <0.0001
Former smokers 69 (8) 50 (16)
Current smokers 165 (19) 76 (25)
Systolic blood pressure (mmHg) 129418 141419 <0.0001
Diastolic blood pressure (mmHg) 75+£11 79+ <0.0001
HbATc (%) 88418 88+19 052
HbA1c (mmol/mol) 72+20 73+£21
Total cholesterol (mmol/I)® 55+14 59415 0.0003
eGFR (mL/min/1.73m?) 92+£27 70+£31 <0.0001
Urinary albumin concentration 11(5,51) 45(8,552) <0.0001
(mg/1)
Diabetic kidney disease, n (%) 299 (35) 185 (61) <0.0001
Diabetic retinopathy stages, n (%) <0.0001
Non-proliferative 242 (28) 34(11)
Pre-proliferative 123 (14) 59(19)
Proliferative 307 (35) 196 (64)
Peripheral diabetic neuropathy, n (%) 246 (28) 166 (55) <0.0001
Peripheral artery disease, n (%) 16 (3) 55(23) <0.0001
Antihypertensive drugs, n (%) 283 (33) 186 (62) <0.0001
Lipid-lowering drugs, n (%) 37 (4) 32(10) <0.0001

Quantitative variables are presented as mean =+ SD or as median (25th-75th
percentiles) for those with skewed distribution (age of diabetes onset and
urinary albumin concentration)

Comparisons were performed using x2, ANOVA or Wilcoxon tests
P <0.05 was considered as significant

2 Data available for 664 participants

All-cause death by baseline history of CVD and/or LLA using
an alternative definition (without exclusion of participants
with PAD in groups 1 and 2)

A history of CVD only, LLA only and both conditions
were present at baseline in 57 (4.7%), 62 (5.1%) and 20
(1.7%) participants, respectively. The risk of all-cause
death was significantly higher in participants with a base-
line history of CVD only (HR 2.02 [95% CI 1.39-2.94],
p=0.0002), LLA only (2.23 [1.54-3.23], p<0.0001), or



Camoin et al. Cardiovascular Diabetology (2022) 21:71

100

80

60

40+

Survival (%)

20

Years

Number at risk

No condition 1038 972 837 707
CVDonly 49 4 27 18
LLAonly 62 47 35 22
Both 20 " 4 0

Fig. 1 Kaplan Meier curves estimating the survival according to
baseline history of cardiovascular disease (CVD) and lower-limb
amputation (LLA): absent (green line), CVD only (red line), LLA only
(blue line), and both CVD and LLA (black line). P <0.0001

both conditions (5.29 [3.14—8.90], p<0.0001), compared
to those without these conditions.

All-cause death by baseline history of DKD, CVD and/or LLA
DKD only, CVD only and LLA only were present at baseline
in 423 (35%), 25 (2.1%) and 20 (1.7%) participants, respec-
tively. The risk of all-cause death was similarly increased in
participants with a baseline history of DKD only (HR 2.30
[95% CI, 1.75-3.01], p<0.0001), CVD only (2.50 [1.38—4.52],
p=0.003) and LLA only (2.11 [1.13-3.92], p=0.02), com-
pared to those without these 3 conditions. The presence of
2 of these conditions or more was observed at baseline in 92
(7.6%) participants, and it was associated with excess risk of
death (5.88 [4.21-8.20], p<0.0001).

Incidence of cardiovascular death by baseline history of CVD
and/or LLA

Causes of death were documented in 97 patients: 13 par-
ticipants were excluded according to study flow chart
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(Additional file 4: Fig. S1), and then 84 cases were inves-
tigated in the current analysis. Deaths from cardiovascu-
lar and non-cardiovascular causes were reported in 50
(4.3%) and 34 (2.9%) patients, respectively. Cardiovascu-
lar causes were more prevalent than non-cardiovascular
causes in people with baseline history of CVD and/or
LLA (p<0.0001, Additional Table 2). The baseline his-
tory of CVD (HR 2.98 [95% CI, 1.13-7.91], p=0.03) or
LLA (3.81 [1.28-11.32], p=0.02) was associated with
increased risk of cardiovascular mortality.

Estimated reduction in life-time expectancy

Participants with a history of CVD or LLA, compared to
those without these conditions, would have a mean (95%
CI) reduction in life-time expectancy during the 17 years
of follow-up of 3.32 (1.72-4.92) or 3.96 (2.47-5.45) years,
respectively (all p<0.0001, adjusted for model 1). The
presence of both CVD and LLA at baseline was associ-
ated with 8.11 (5.95-10.26) less years of life expectancy,
compared with the absence of these conditions at base-
line (p<0.0001, adjusted for model 1). The estimation
of loss in life-time expectancy during study period was
comparable after adjusting for model 2: CVD 2.79 (1.26—
4.32), LLA 3.38 (1.87-4.88), and both CVD and LLA 7.04
(4.76-9.31) years (all p<0.0001).

Discussion

In the present investigation, we compared the effects of
a baseline history of CVD (myocardial infarction and/or
stroke), nontraumatic LLA or both on the incidence of all-
cause death in people with long-standing type 1 diabetes. As
expected, CVD or LLA at baseline was each associated with
increased risk of all-cause death during follow-up. The origi-
nal and the key finding of our study was the observation that
a baseline LLA conferred a similar prognostic burden than
baseline CVD in terms of all-cause death in patients with
long-standing type 1 diabetes. The cumulative incidence of
all-cause death was 61% and 73% over a median duration of

Table 3 Risk of all-cause death during follow-up by history of CVD or/and LLA at baseline

All-cause death Model 1 Model 2
No, n Yes, n (%) Incidence rate Hazard ratios P Hazard ratios P
(95% ClI) (95% CI) (95% ClI)
Absent 827 211 (20) 12(11-14) 1 - 1 -
Cardiovascular disease only 19 30(61) 53 (37-76) 247 (1.67-3.66) <0.0001 2.00(1.34-3.01) 0.0008
Lower-limb amputation only 17 45 (73) 61 (45-81) 2.38(1.68-3.38) <0.0001 2.26(1.56-3.28) <0.0001
Both conditions 2 18 (90) 156 (99-248) 8.50 (5.09-14.19) <0.0001 5.32(3.14-9.00) <0.0001

Incidence rate expressed per 1000 person-years. Hazard ratios (with associated 95% Cls) computed by Cox proportional hazards survival regression analyses,
adjusted for cohort membership, sex and age (model 1), plus history of tobacco smoking, duration of diabetes, BMI, HbA1c, systolic blood pressure, urinary albumin
concentration, estimated glomerular filtration rate, and use of antihypertensive and lipid-lowering drugs at baseline (model 2). p <0.05 was considered as significant
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follow-up of 17 years in participants with baseline history of
LLA or CVD, respectively. Each single condition was asso-
ciated with two-fold increased risk of all-cause death. The
burden of LLA and CVD seemed independent, with an addi-
tive effect as the presence of both conditions increased the
cumulative incidence (90%), and the adjusted relative risk of
all-cause death, 5 times higher compared with the absence
of these conditions at baseline. Furthermore, the presence
of both conditions at baseline increased the risk of all-cause
death, more than 2 times higher compared with the presence
of each single condition. The excess risk of all-cause death
observed in people with CVD and LLA was mainly driven by
cardiovascular causes.

Incidence of all-cause death in people with type 1 diabetes
The incidence of all-cause death observed in our study
is comparable with the recent report in people with
long-standing (50-year cohort) type 1 diabetes from
the Finnish Diabetic Nephropathy Study (FinnDi-
ane) cohort [28]. However, the rate of mortality in our
study is higher than other reports in type 1 diabetes
cohorts from USA, Europe and Australia [1, 2, 29]. As
in FinnDiane 50-year cohort, the participants in our
cohorts were older, and they were diagnosed with type
1 diabetes between 1938 and 1995. Furthermore, GEN-
ESIS and GENEDIAB cohorts recruited participants
with a history of non-proliferative or proliferative retin-
opathy. Finally, 41% of participants in our cohorts had a
baseline history of DKD, which has been recognized as
a major predictor of death in patients with type 1 diabe-
tes [30].

It is worthy to note that the cumulative incidence of
all-cause death was high (20%) even in people with type
1 diabetes without a baseline history of CVD or LLA
and a rather young age of 40 years at baseline (yet with a
long duration of type 1 diabetes). This observation is in
line with a recent report from a large Swedish diabetes
registry highlighting the early onset of type 1 diabetes
and the longer duration of diabetes as important deter-
minants of death and cardiovascular events [4]. The
participants in our study were diagnosed with type 1
diabetes at 15 (25th, 75th percentiles, 10, 23) years old,
with a duration of diabetes at baseline of 23 +11 years.
A longer duration of diabetes reflects a high glycaemic
load and its related damages.

Effect of cardiovascular disease and lower-limb
amputation in life-time expectancy

Our findings show also that CVD and LLA had a similar
impact in terms of loss in life-time expectancy. Among
people with type 1 diabetes, those with CVD or LLA may
lose about 3 years life-time during the 17-year follow-up
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compared with other participants without these condi-
tions, after adjustment for potential confounders. The
presence of both conditions exposes to a 7-year loss in
life expectancy within study period. It has been shown
that people with type 1 diabetes had a drastic reduction
in life expectancy, compared with individuals without
diabetes [6, 31]. One study estimated that people with
type 1 diabetes had an estimated life expectancy at birth
12 years less than that of the general population, using an
Australian national data scheme between 1997 and 2010
[31]. Comparable findings were reported in a Scottish
cohort of people with type 1 diabetes based on data from
2008 through 2010 [6]. In our present study, we were able
to extend those findings in order to estimate and com-
pare the loss in life-time expectancy among people with
type 1 diabetes with versus without CVD and/or LLA,
followed up to May 31, 2019.

Potential mechanisms linking lower-limb amputation

to cardiovascular disease

The similar poor prognosis observed in participants
with baseline CVD and LLA may be explained by com-
mon traditional risk factors and conditions [32]. In our
study, participants with CVD and LLA shared key risk
factors and major diabetes complications. Microvas-
cular disease may also be a trigger of poor prognosis in
people with CVD and LLA, independently of traditional
risk factors [33-35]. In our study, eGFR decreased, albu-
minuria increased, neuropathy became more frequent
and retinopathy more severe, proportionally to the bur-
den of baseline history of CVD and LLA (either or both
together). Of note, we observed that DKD, CVD and LLA
(each considered individually) confer a similar risk of
all-cause death, twofold higher compared to the absence
of these 3 conditions. This finding suggests that DKD
may not explain (at least not fully) the poor prognosis
observed in people with CVD or LLA. Furthermore, LLA
and CVD may also share some pathological mechanisms
including endothelial dysfunction, pro-thrombotic states,
oxidative stress and systemic inflammation [24, 36—40].
Autoimmune mechanisms have also been suggested as a
potential determinant of CVD in people with type 1 dia-
betes [41].

Strengths and limitations

The main strength of our study is the assessment of sin-
gle, joint and differential prognostic effects of baseline
history of CVD and LLA on the risk of all-cause death
in three multicenter binational cohorts of patients with
long-standing type 1 diabetes followed for a median
duration of 17 years. We also investigated a comprehen-
sive set of demographic, clinical, and biological features
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at baseline, as well as robust and adjudicated conditions
at baseline and endpoint during follow-up. Our study has
some limitations to acknowledge. The diagnosis of PAD
in our study was based on interview and clinical exami-
nation, without systematic screening (using specific
investigation such us ankle-brachial index) for asymp-
tomatic PAD. Our study does not allow to examine the
prognostic burden of PAD independently of LLA since
PAD was present at baseline in 88% and 100% in group
3 (participants with LLA alone) and group 4 (both CVD
and LLA), respectively. To avoid misinterpretation, we
excluded PAD participants from group 1 (without CVD
and LLA) and group 2 (with CVD alone). Nevertheless,
keeping PAD in these groups did not change our find-
ings. Additionally, we did not have a comprehensive data
regarding causes of deaths, which did not allow us to
investigate carefully the cause-specific mortality. Finally,
our results may not be applied to people with other eth-
nic backgrounds or low-income and middle-income
regions as we investigated only Caucasians from France
and Belgium.

Conclusion

In summary, a baseline history of CVD and LLA had a
similar and heavy burden regarding all-cause death in
people with long-standing type 1 diabetes. Each single
condition exposes to two-fold increased risk of all-cause
death, with an additive effect. The presence of both CVD
and LLA at baseline exposed to exceedingly excess risk of
death, five times higher compared to the absence of these
conditions. Our findings encourage a careful considera-
tion of people with type 1 diabetes and LLA as usually
recommended for CVD, in terms of management of risk
factors, treatments and prevention.
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