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Type 1 diabetes (T1D) is associated with
premature mortality due to acute and
chronic diabetes-related complications
(1). Severe hypoglycemic events (SHEs)
and impaired awareness of hypoglyce-
mia are significant contributors to the
increased morbidity and mortality. Islet
transplantation (ITx) has been shown to
provide near-normalization of glycemic
control, restoration of hypoglycemia
awareness, prevention of SHEs, and im-
proved quality of life in a select group of
patients with T1D (2).
To analyze overall survival in ITx-alone

recipients, we retrospectively evaluated a
cohort of 49 T1D subjects who underwent
ITx and were followed during 2000–
2020. Subjects received ITx in the liver
via intrahepatic infusion (n546)oronthe
omentum via laparoscopic approach (n5
3). Major inclusion criteria included age
18 to 65 years, T1D duration .5 years,
impaired awareness of hypoglycemia,
marked glycemic lability, and history of
SHEs in the prior 12 months (2).
Subjects who did not present the out-

come were censored at last encounter.
Deaths were reported through contact
with family. The study cohort comprised
29 females (59.2%) and 20 males (40.8%).
Person-years of follow-upwas 610.1, and
time after ITx was median (25th–75th)
13.8 (8.2–17.7) years. Median year
(minimum–maximum) of T1D diagnosis

was 1970 (1955–2001), with 77.6% (n 5
38) diagnosed in 1965 or later. Age at T1D
diagnosis was median (25th–75th) 13.2
(6.7–20.0) years, mean age 6 SD and
median duration (25th–75th) of T1D at
ITx were 42.86 8.3 years and 29.5 (17.2–
38.2) years, respectively. Duration (median
[25th–75th]) of graft function while on
immunosuppression was 4.4 (1.3–12.2)
years. During the follow-up, 31.3% of sub-
jects were censored with allograft function
(n 5 15). At time of ITx, 86% had no
albuminuria, 12% had microalbuminuria,
and 2% had macroalbuminuria. Two sub-
jects (4.08%) with T1D diagnosis in 1963
and 1977, respectively, died during the
20-year follow-up. Cause of death for one
subjectwasmyocardial infarction (the sub-
ject had persistent graft function), while
cause of death for the other was likely
severe hypoglycemia while sleeping (the
subject did nothavegraft function andwas
off immunosuppressive drugs for 2 years
before death). Kaplan-Meier survival anal-
ysis showed a cumulative proportion sur-
vival of 100% at 10 years and .80% at
20 years post-ITx, and incidence rate of
mortality (95%CI)was3.28 (2.12–5.05)per
1,000 person-years (Fig. 1).

The Pittsburgh Epidemiology of Diabe-
tes Complications Study cohort observed a
mortality incidence rate of 10.79 per
1,000 person-years (T1D diagnosis be-
tween1950and1980) and5.31per 1,000

person-years in the subcohort (66.9%)
diagnosed between 1965 and 1980.
The population-based Allegheny County
Type 1 Diabetes Registry cohort, with
T1D diagnosed between 1965 and 1979,
showed an incidence rate of mortality of
7.99 per 1,000 person-years. This cohort
showed a 59% cumulative survival over
20 years for subjects in the same age
range (mean 6 SD) (43 6 8 years) as
those we report herein (3). In our study,
we observed a lower mortality incidence
rate, although these comparisons are
limitedby theeligibility criteria, including
absence of albuminuria. Temporal im-
provement in standardized mortality ra-
tios per diagnosis year is shown and is
partly due to improvements in control
and management of diabetes clearly
seen over the eras.

Intensive therapy in T1D patients, re-
sulting in better glycemic control, has
been demonstrated to lower overall
mortality risk compared with conven-
tional treatment (hazard ratio 0.67, 95%
CI 0.49–0.99, P 5 0.045), according to
the Diabetes Control and Complications
Trial (DCCT) and its observational Epide-
miology of Diabetes Interventions and
Complications (EDIC) study, with an av-
erage of 27 years of follow-up in both
groups (4). Our results suggest that ITx
is not associated with increased mortal-
ity regardless of the use of long-term
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immunosuppressive therapy. ITx can
lead to a near-normal glycemic control
and elimination of SHEs, in combination
with improvement in patient quality of
life already widely reported. Subjects
selected for ITx are considered to be a
highly vulnerable group with recurrent
SHEs, which can lead to higher mortality
risk. It is reasonable to consider the
hypothesis that the lowest cumulative
hyperglycemic exposure and prevention
of SHEs provided by ITx represent pro-
tection against cardiovascular disease
and mortality in patients with T1D. Au-
tomation of insulin delivery systems has
resulted in marked improvements in
glycemic control with reductions in gly-
cemic variability and prevention of SHEs.

These technological advancements may
help in reducing mortality associated
with chronic hyperglycemic exposure
and SHEs in T1D (5). However, it remains
to be seen whether automated subcu-
taneous insulin delivery will result in
better long-term survival as compared
with restoration of endogenous insulin
production in patients with T1D. Survival
analyses from larger data sets are war-
ranted to confirm our findings in this
subset of T1D patients.
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Figure 1—Twenty years estimated survival since ITx (Kaplan-Meier). Mortality incidence rate in
1,000 person-years (bar graph inset). EDC, Pittsburgh Epidemiology of Diabetes Complications
Study; ACR, Allegheny County Type 1 Diabetes Registry; MIA, Miami cohort ITx Type 1 Diabetes.
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