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Diabetes is a chronic disease associated
with increased morbidity and mortality
(1), mainly from cardiovascular disease
(2–6). Treatment of diabetes includes
normalizing hyperglycemia to attain
glycemic targets and treatment of cardio-
vascular risk factors such as hypertension
and dyslipidemia. This multifactorial in-
tervention strategy has been shown to
decrease cardiovascular and all-cause
mortality among patients with type 2
diabetes (7). Nevertheless, mortality in
diabetes remains elevated (2,5).
A number of epidemiological studies

have quantified the risk of death among
patients with diabetes and assessed the
causes of death (2–6), with highly varying
results (Table 1). The South Tees Diabetes
Mortality Study (2) found an over three-
fold increase in all-causemortality,mainly
attributed to increased cardiovascular
deaths, but foundno increased risk of can-
cer mortality. The Australian Diabetes,
Obesity and Lifestyle Study (AusDiab) (3)
of over 10,000 individuals reported a little
over twofold increase in the risk of all-
cause mortality, with the majority due to
cardiovascular causes. The Emerging Risk
Factors Collaboration (ERFC) study (6), in-
volving over 800,000 individuals, re-
ported a little under twofold increase in
the risk of all-cause mortality associated
with diabetes. It also found that diabetes
was associated with an increased risk of

death from cancer (hazard ratio [HR] 1.25
[95%CI 1.19–1.31]), fromvascular disease
(HR 2.32 [95% CI 2.11–2.56]), and from
nonvascular and noncancer etiologies
(HR 1.73 [95% CI 1.62–1.85]). More
recently, a study using the Swedish Na-
tional Diabetes Register (5) on over
400,000 patients with type 2 diabetes
matched to more than 2 million subjects
with no diabetes found a smaller excess
risk of all-cause mortality associated with
type 2 diabetes (HR 1.15 [95% CI 1.14–
1.16]). The main contributors of mortality
in this study were cardiovascular- and
diabetes-relateddisorders,whereas cancer
was found to have a lesser effect.

Overall, the studies to date have con-
firmed that diabetes is associatedwith an
increased risk of all-cause mortality, but
the magnitude of this excess risk is highly
variable, with the relative risk ranging
from 1.15 to 3.15. Nevertheless, all stud-
ies agree thatmortality ismainly attribut-
able to cardiovascular causes (2–6). On
the other hand, studies of cancer-related
death have generally been lacking de-
spite the diabetes–cancer association
and a number of plausible biological
mechanisms identified to explain this
link (8,9). In fact, studies assessing the spe-
cific causes of noncardiovascular death in
diabetes have been sparse.

In this issue of Diabetes Care, Baena-
Dı́ez et al. (10) report on an observational

study of the association between diabetes
and cause-specific death. This study in-
volved 55,292 individuals from 12 Spanish
population cohorts with no prior history of
cardiovascular disease, aged 35 to 79 years,
with a 10-year follow-up. Diabeteswas de-
fined by self-report or a fasting glycemia
over 6.94 mmol/L (125 mg/dL) at baseline
examination. Cause of death was identi-
fied using electronic medical records,
death certificates, and/or autopsy reports.
Themain outcomeswere all-causemortal-
ity, cardiovascular mortality, cancer mor-
tality, and noncardiovascular noncancer
mortality, for which the risk was analyzed
using two statistical approaches: propor-
tional subdistribution hazard, which
accounts for competing risks, and cause-
specific hazard,whichdoesnot account for
competing risks. This study found that in-
dividuals with diabetes compared with
those without diabetes had a higher risk
of cardiovascular death, cancer death, and
noncardiovascular noncancer death with
similar estimates obtained using the two
statistical approaches.

The study by Baena-Dı́ez et al. (10)
has anumber of strengths. First, this study
was the first to use statistical techniques
of data analysis that can provide a more
accurate understanding of the cause of
increased mortality associated with dia-
betes, which is particularly important
when assessing cancer outcomes given

1Centre for Clinical Epidemiology, Lady Davis Institute, Jewish General Hospital, Montreal, Canada
2Division of Endocrinology, Jewish General Hospital, Montreal, Canada
3Department of Epidemiology, Biostatistics and Occupational Health, McGill University, Montreal, Canada

Corresponding author: Samy Suissa, samy.suissa@mcgill.ca.

© 2016 by the American Diabetes Association. Readers may use this article as long as the work is properly cited, the use is educational and not for profit,
and the work is not altered. More information is available at http://www.diabetesjournals.org/content/license.

See accompanying article, p. 1987.

Oriana Hoi Yun Yu1,2 and Samy Suissa1,3

Diabetes Care Volume 39, November 2016 1851

C
O
M
M
EN

TA
R
Y

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/39/11/1851/545881/dci160026.pdf by guest on 09 April 2024

http://crossmark.crossref.org/dialog/?doi=10.2337/dci16-0026&domain=pdf&date_stamp=2016-10-05
mailto:samy.suissa@mcgill.ca
http://www.diabetesjournals.org/content/license


that cardiovascular death is a significant
competing risk in diabetes. Second, this
study involved participants who had no
known cardiovascular disease at baseline,
which allowed the assessment of a risk of
cardiovascular death more likely attribut-
able to diabetes and not to a preexisting
cardiovascular condition.
This study also has limitations, many

acknowledged by the authors. First, the
comparison could not account for differ-
ences in duration of diabetes, presence
of microvascular complications, and gly-
cemic control, all measures of diabetes
severity known to affect mortality risk
(5). Second, there was no adjustment
for confounding by pharmacological
therapies. The use of anticoagulants
and statins has been shown to have ben-
eficial effects on cardiovascular mortal-
ity (11,12), and recent studies have
suggested potential benefits of statins on
cancer mortality (13–15). Third, a history
of cancer was not adjusted for in the anal-
yses, an important factor since such pa-
tients may be more likely to be screened
and diagnosed with diabetes. Finally, the
risk factors that were measured and ad-
justed for in the analyses produced rather
unexpected results. For instance, BMI and
total cholesterol were not associated with
cardiovascular death, and systolic blood
pressure in women was inversely related
to cardiovascular death. Such inconsistent
results for known risk factors imply a pos-
sible bias in the reported findings regard-
ing the diabetes–mortality association.
It remains that all studies of excess

mortality associatedwith diabetes, includ-
ing the current one, have produced highly
variable results. The reasons may be
methodological. For instance, it may be
that because of the wide range of age in
these studies, comparing the rates of
death between the patients with diabetes

and those without diabetes using a mea-
sure based on the ratio of the rates may
be misleading because the ratio can vary
by age. Instead, a measure based on the
difference in rates may bemore appropri-
ate (16). Another issue relates to the fact
that the studies include patients with
longstanding diabetes of variable dura-
tion, resulting in so-called prevalent co-
horts that can result in muddled mortality
estimates since these are necessarily based
on a mix of patients at different stages of
disease (17). Thus, a paradigm changemay
be in order for future observational studies
of diabetes and mortality, in the way they
are both designed and analyzed. With re-
spect to cancer, such studies will also need
to tease out the independent contribution
of antidiabetes treatments on cancer inci-
dence andmortality (18–20). It is thus clear
that the quantification of the excess mor-
tality associated with diabetes per se will
need more accurate tools.

Thus, despite advances in the treat-
ment of diabetes, there still appears to
be a persistent excess risk of mortality
among this population (21). Baena-Dı́ez
et al. (10) showed that individuals with
diabetes have an approximately threefold
increased risk of cardiovascular mortality,
which is much higher than what has been
reported by recent studies (5,6). While
this may be due to the lack of adjustment
for important confounders in this study,
there remains uncertainty regarding the
magnitude of this increase. As such, the
reported association and the extent of
the effects between diabetes and the
noncardiovascular-related deaths observed
in this study will need to be confirmed in
other studies. Nonetheless, the results
from this study support the ongoing need
for routine cancer screening, provision of
vaccinations, healthy lifestyle intervention,
and smoking cessation for patients with

diabetes. Moreover, the findings from
this study highlight the need for further
research to determine the missing ele-
ments in the management of diabetes to
reduce the excess mortality observed in
this population.

Funding.S.S. is the recipientof the JamesMcGill
Professor award.
Duality of Interest. No potential conflicts of
interest relevant to this article were reported.

References
1. Inzucchi SE, Bergenstal RM, Buse JB, et al.
Management of hyperglycemia in type 2diabetes:
a patient-centered approach: position statement
of the American Diabetes Association (ADA) and
the European Association for the Study of Diabe-
tes (EASD). Diabetes Care 2012;35:1364–1379
2. Roper NA, Bilous RW, Kelly WF, Unwin NC,
Connolly VM. Cause-specific mortality in a pop-
ulation with diabetes: South Tees DiabetesMor-
tality Study. Diabetes Care 2002;25:43–48
3. Barr EL, Zimmet PZ, Welborn TA, et al. Risk of
cardiovascular and all-cause mortality in indi-
viduals with diabetes mellitus, impaired fasting
glucose, and impaired glucose tolerance: the
Australian Diabetes, Obesity, and Lifestyle
Study (AusDiab). Circulation 2007;116:151–157
4. Lind M, Svensson AM, KosiborodM, et al. Gly-
cemic control and excess mortality in type 1 di-
abetes. N Engl J Med 2014;371:1972–1982
5. Tancredi M, Rosengren A, Svensson AM, et al.
Excess mortality among persons with type 2 di-
abetes. N Engl J Med 2015;373:1720–1732
6. Seshasai SR, Kaptoge S, Thompson A, et al.;
Emerging Risk Factors Collaboration. Diabetes
mellitus, fasting glucose, and risk of cause-
specific death. N Engl J Med 2011;364:829–841
7. Gaede P, Lund-Andersen H, Parving HH,
Pedersen O. Effect of a multifactorial interven-
tion on mortality in type 2 diabetes. N Engl J
Med 2008;358:580–591
8. Andersen DK. Diabetes and cancer: placing
the association in perspective. Curr Opin Endo-
crinol Diabetes Obes 2013;20:81–86
9. Giovannucci E, Harlan DM, Archer MC, et al.
Diabetes and cancer: a consensus report. Dia-
betes Care 2010;33:1674–1685
10. Baena-Dı́ez JM, Pe~nafiel J, Subirana I, et al.;
FRESCO Investigators. Risk of cause-specific death

Table 1—Summary of observational studies assessing the risk of mortality among individuals with diabetes

Reference Study Year Population Sample size Follow-up
Risk of all-cause

mortality, HR (95% CI)

Roper et al. (2) South Tees Diabetes
Mortality Study

2002 South Tees,
U.K.

4,842 6 years Male*: 2.56 (1.73–3.80)
Female*: 3.15 (2.51–3.95)

Barr et al. (3) Australian Diabetes,
Obesity and Lifestyle Study

2007 Australia 10,428 5.2 years 2.3 (1.6–3.2)

Seshasai et al. (6) Emerging Risk Factors
Collaboration

2011 Worldwide** 820,900 13.6 years 1.80 (1.71–1.90)

Tancredi et al. (5) National Diabetes Register 2015 Sweden 435,369 with type 2 diabetes
and2,117,483control subjects

4.6 years 1.15 (1.14–1.16)

*Aged 40–59 years. **The majority of participants were from Europe and North America.

1852 Commentary Diabetes Care Volume 39, November 2016

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/39/11/1851/545881/dci160026.pdf by guest on 09 April 2024



in individuals with diabetes: a competing risks
analysis. Diabetes Care 2016;39:1987–1995
11. Butalia S, Leung AA, Ghali WA, Rabi DM.
Aspirin effect on the incidence of major adverse
cardiovascular events in patients with diabetes
mellitus: a systematic review andmeta-analysis.
Cardiovasc Diabetol 2011;10:25
12. Yusuf S, Bosch J, Dagenais G, et al.; HOPE-3
Investigators. Cholesterol lowering in intermediate-
risk persons without cardiovascular disease. N Engl J
Med 2016;374:2021–2031
13. Wang A, Aragaki AK, Tang JY, et al. Statin
use and all-cancer survival: prospective results
from the Women’s Health Initiative. Br J Cancer
2016;115:129–135

14. Zhong S, Zhang X, Chen L,MaT, Tang J, Zhao J.
Statin use and mortality in cancer patients: Sys-
tematic review and meta-analysis of observa-
tional studies. Cancer Treat Rev 2015;41:554–567
15. Yu O, Eberg M, Benayoun S, et al. Use of
statins and the risk of death in patients with
prostate cancer. J Clin Oncol 2014;32:5–11
16. Byers T. Excessmortality among personswith
type 2 diabetes. N Engl J Med 2016;374:788
17. Zhang Y, Niu J, Choi HK. Excess mortality
among persons with type 2 diabetes. N Engl J
Med 2016;374:788
18. Suissa S, Azoulay L. Metformin and the risk
of cancer: time-related biases in observational
studies. Diabetes Care 2012;35:2665–2673

19. Wu JW, Filion KB, Azoulay L, Doll MK,
Suissa S. Effect of long-acting insulin analogs
on the risk of cancer: a systematic review of
observational studies. Diabetes Care 2016;39:
486–494
20. Azoulay L, Yin H, Filion KB, et al. The use of
pioglitazone and the risk of bladder cancer in peo-
ple with type 2 diabetes: nested case-control
study. BMJ 2012;344:e3645
21. Harding JL, Shaw JE, Peeters A, Davidson S,
Magliano DJ. Age-specific trends from 2000-
2011 in all-cause and cause-specific mortality
in type 1 and type 2 diabetes: a cohort study
of more than one million people. Diabetes Care
2016;39:1018–1026

care.diabetesjournals.org Yu and Suissa 1853

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/39/11/1851/545881/dci160026.pdf by guest on 09 April 2024

http://care.diabetesjournals.org

