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Type 1 and type 2 diabetes are serious
diseases because they can cause a wide
variety of health consequences that may
reduce both the quality and/or length of
life. Almost every body system can be
adversely affected by diabetes, including
the eyes, kidneys, nerves, skin, heart,
brain, liver, circulatory system, skeleton,
and reproductive system (1). Type 1 and
type 2 diabetes are clearly caused by dif-
ferent processes and have different risk
factors and natural histories. Regardless
of these differences, both diseases share
the same glycemic thresholds for diagno-
sis (2) and manifest a similar relationship
between the extent of hyperglycemia and
the risk to the integrity of the organ sys-
tems listed above (1). Moreover, for both
diseases many of these long-term risks
can be mitigated by chronically reducing
the degree of hyperglycemia (3,4), by de-
tection and treatmentof other risk factors
for many of these consequences (e.g., hy-
pertension, smoking, and dyslipidemia),
and by appropriate screening and aggres-
sive therapy of early evidence of these
consequences (e.g., retinal, renal, neuro-
logical, and cardiovascular disease) (5,6).
The Diabetes Control and Complica-

tions Trial (DCCT) and its long-term
follow-up study (Epidemiology ofDiabetes
Interventions and Complications [EDIC])
comprise the most definitive body of
evidence regarding the short- and long-
term benefits of managing hyperglycemia
in people with type 1 diabetes (7). The

DCCT recruited 1,441 individuals of mean
age 27 years with 1–15 years’ duration of
type 1diabeteswhohadno cardiovascular
disease, hypertension, or dyslipidemia
and randomly allocated them to more
versus less intensive glycemic control.
During a mean of 6.5 years of follow-up,
the average HbA1c levels achieved in the
intensive and conventional groups were
7% and 9%, respectively. By that time,
participants who had been allocated to
the intensive group had a much lower in-
cidence of retinal, renal, and neurological
disease compared with those allocated to
the conventional group. Despite a subse-
quent averageHbA1c of 8% inboth groups,
those who were initially allocated to the
intensive group continued to experience
less retinal, renal, and cardiovascular dis-
ease (8–10) and a 33% lower hazard of
death during a total follow-up period of
27 years (11).

In this issue of Diabetes Care, Lachin
and colleagues (12) extend these findings
by comparing the total mortality rates in
the DCCT/EDIC participants to that of the
general population of the U.S. These ele-
gant analyses showed that individuals
who had been allocated to the intensive
group had a mortality rate that was sim-
ilar to that of a matched American popu-
lation. Conversely, individuals who had
been allocated to the conventional group
had a mortality rate that was appro-
ximately 30% higher than that of the
general population. Their analyses also

reported a 49% higher mortality rate for
participants formerly in the conventional
versus intensive group and showed that
this effectwas similar inmenandwomen.

The small number of deaths (N 5 125)
limits theability toassess the intervention’s
effect on mortality across study subgroups
(e.g., those with vs. without retinopathy at
baseline) and represents themajor, yet un-
avoidable, weakness of the study (12).
However, the large effect size and the
fact that these findings are based on an
intention-to-treat analysis of participants
in a randomized controlled trial for whom
long-term follow-up vital status was avail-
able inmore than97.5%are clear strengths
that highlight the clinical importance and
relevance of these findings.

Clinical trial findings such as these
clearly reflect the long-term effect of in-
tensive insulin therapy on mortality.
Conversely, observational (i.e., epidemi-
ological) data can only describe the re-
lationship between risk factors such as
HbA1c levels and mortality; unless effect
sizes are high (e.g., .fourfold) and are
based on large samples of people with
many incident deaths (e.g.,.1,000), ob-
servational studies are unlikely to pro-
vide guidance regarding the effect of
therapy. Thus, previously reported popu-
lation-based epidemiological analyses
comprising thousands of people with
type 1 diabetes showing that those with
HbA1c levels ,7% have higher mortality
rates than people without any diabetes
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(13) provide no information regarding
the effect of glucose-lowering in response
to that HbA1c level. This is clearly illus-
trated by the data reported by Lachin
and colleagues (12). Despite the clear
benefit of allocation to the intensive group
described above, when the authors con-
ducted an epidemiological analysis (i.e.,
withoutaccounting for the intervention)us-
ing the same data, they found that people
with anHbA1c,7%have a highermortality
than the general population (which inclu-
des people with diabetes). This highlights
the peril of making therapeutic inferen-
ces based on epidemiological analyses.
The fact that the DCCT was not a

blinded study precludes knowing whether
the mortality benefit is due just to the
degree of glycemic control or to all of
the other things that a participant in the
intensive group (or his/her providers)
may or may not have done as a result of
being in that group. Notwithstanding the
explanation for the effect, this analysis
clearly indicates that allocating young in-
dividuals with type 1 diabetes to at least
6.5 years of a therapeutic strategy that
includes intensive glycemic control (and
all of the activities required to achieve
intensive glycemic control) essentially
eliminates their excess risk of death com-
pared with the general population. Note
that this analysis only relates to mortality
and does not account for the total burden
of illness associated with type 1 diabetes.
The findings from DCCT/EDIC are ex-

tremely encouraging to patients with
diabetes and their health care providers.
They compellingly show that as little as 6.5
years of targeting good glucose levels can
eliminate the excess mortality of type 1
diabetes over a 27–30-year window
(Table 1). Coupled with other findings
from this crucial trial that was conducted
almost 40 years ago, the health benefits
of managing type 1 diabetes are indisput-
able. However, these findings do not
speak to all of the effort and costs borne
by the patients, providers, and the health
care system to achieve these findings. In-
deed, good health outcomes are not guar-
anteed without these efforts and costs.
Hyperglycemia is clearly a risk factor for

mortality in the general population (14)
and we know from the DCCT/EDIC that

it is clearly a modifiable risk factor in
people with type 1 diabetes and that
glucose lowering has health andmortal-
ity benefits. Science and technology
continue to add new advances that
make it easier to achieve these glycemic
goals and that reduce the burden for
both patients and providers. These in-
clude new forms of insulin delivery and
glucose monitoring systems, innovative
software that can regulate insulin de-
livery, islet cell transplantation or im-
plantation, and other agents such as
glucagon, incretins, and oral medica-
tions that may soon be added to insulin.

In 1921, 1 year before the “insulin
era” (IE), typical patients with type 1
diabetes died within 1 year of diagnosis.
In 2016 (i.e., year 94 IE), it is now clear that
their mortality is as good as, if not better
than, that of the general population. That
is clear evidence of progress by any mea-
sure, but there is still somuchmore to do.
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Table 1—Glycemic control and
mortality in type 1 diabetes
People with recently diagnosed type 1

diabetes who are not intensively
treated have a higher death rate than
the general population

At least 6.5 years of intensive insulin
therapy in people with type 1 diabetes
reduces this risk to normal

Higher HbA1c levels predict a higher
risk of death in people with type 1
diabetes
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