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REVIEW

Long-term All-Cause Mortality
in Cancer Patients With Preexisting
Diabetes Mellitus
A Systematic Review and Meta-analysis
Bethany B. Barone, ScM
Hsin-Chieh Yeh, PhD
Claire F. Snyder, PhD
Kimberly S. Peairs, MD
Kelly B. Stein, MD
Rachel L. Derr, MD
Antonio C. Wolff, MD
Frederick L. Brancati, MD, MHS

A BOUT 20 MILLION AMERI-
cans have diabetes mellitus,
corresponding to 7% of the
US adul t popula t ion . 1

Because some cancers—including
cancers of the breast,2 colorectum,3

endometrium,4 liver,5 and pancreas6—
occur more commonly in individuals
with diabetes, the prevalence of diabe-
tes in newly diagnosed cancer patients
is even higher, with estimates ranging
from 8% to 18%.7 Adults with diabe-
tes experienced increased cancer mor-
tality in the American Cancer Society
Cancer Prevention Study II,8 but not
in the Second National Health and
Nutrition Examination Survey Mortal-
ity Follow-Up.9

However, the association of preex-
isting diabetes in newly diagnosed can-
cer patients with long-term, all-cause
mortality has not been systematically
assessed. Cancer patients with diabe-
tes may receive less aggressive cancer
treatment or less aggressive diabetes
care, both of which could compro-
mise survival.10 Our objective was to

systematically review and summarize
data regarding the association of pre-
existing diabetes with long-term, all-
cause mortality in cancer patients.

METHODS
Data Sources and Searches

We searched MEDLINE and EMBASE
from inception to May 15, 2008, for ar-
ticles evaluating the effect of diabetes
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MHS, Division of General Internal Medicine, Johns
Hopkins Bloomberg School of Public Health, 2024 E
Monument St, Ste 2-619, Baltimore, MD 21205-
2223 (fbrancat@jhmi.edu).

Context Diabetes mellitus appears to be a risk factor for some cancers, but the effect
of preexisting diabetes on all-cause mortality in newly diagnosed cancer patients is
less clear.

Objective To perform a systematic review and meta-analysis comparing overall sur-
vival in cancer patients with and without preexisting diabetes.

Data Sources We searched MEDLINE and EMBASE through May 15, 2008, includ-
ing references of qualifying articles.

Study Selection English-language, original investigations in humans with at least
3 months of follow-up were included. Titles, abstracts, and articles were reviewed by
at least 2 independent readers. Of 7858 titles identified in our original search, 48 ar-
ticles met our criteria.

Data Extraction One reviewer performed a full abstraction and other reviewers veri-
fied accuracy. We contacted authors and obtained additional information for 3 ar-
ticles with insufficient reported data.

Results Studies reporting cumulative survival rates were summarized qualitatively.
Studies reporting Cox proportional hazard ratios (HRs) or Poisson relative risks were
combined in a meta-analysis. A random-effects model meta-analysis of 23 articles
showed that diabetes was associated with an increased mortality HR of 1.41 (95%
confidence interval [CI], 1.28-1.55) compared with normoglycemic individuals
across all cancer types. Subgroup analyses by type of cancer showed increased risk
for cancers of the endometrium (HR, 1.76; 95% CI, 1.34-2.31), breast (HR, 1.61;
95% CI, 1.46-1.78), and colorectum (HR, 1.32; 95% CI, 1.24-1.41).

Conclusions Patients diagnosed with cancer who have preexisting diabetes are
at increased risk for long-term, all-cause mortality compared with those without
diabetes.
JAMA. 2008;300(23):2754-2764 www.jama.com
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on any prognostic outcome in cancer
patients. Our overall search strategy in-
cluded terms for diabetes (eg, diabe-
tes, glucose intolerance, hyperglyce-
mia), cancer (eg, cancer, malignant
neoplasm), and prognosis (eg, mortal-
ity, survival, recurrence) and was lim-
ited to English-language, human stud-
ies. We also searched references of
included articles.

Study Selection

Our overall search targeted articles that
met the 3 following criteria: they evalu-
ated any prognostic outcome by glyce-
mic status, they evaluated a cancer
population, and they contained origi-
nal data analysis. We included studies
evaluating type 1 and type 2 diabetes
but not hyperinsulinemia or meta-
bolic abnormality such as impaired glu-
cose tolerance. For inclusion in our sys-
tematic review, articles had to meet 2
additional criteria: they reported all-
cause mortality or overall survival, and
they had a follow-up period of 3 months
or longer. To be included in our meta-
analysis, articles had to meet both of the
following 2 criteria: they reported a risk
estimate (eg, hazard ratio [HR] or rela-
tive risk [RR] relating preexisting dia-
betes to subsequent death using sur-
vival analysis regression models), and
they reported an estimate of preci-
sion, such as a standard error or 95%
confidence interval (CI). We also in-
cluded articles that failed to report pre-
cision directly but from which we could
reconstruct an estimate of precision
using P values and other study data.

To further explore the relationship
between diabetes and mortality in can-
cer patients, we also systematically re-
viewed long-term, cancer-specific mor-
tality or noncancer mortality.

Data Extraction and Quality
Assessment

Titles, abstracts, and articles were re-
viewed independently. Disagreements
were settled by consensus or a third re-
view for adjudication. Abstracted data in-
cluded study population characteristics
and demographics, presence or ab-
sence of diabetes at baseline, duration of

follow-up, health outcomes (specifi-
cally all-cause and cause-specific mor-
tality for this report), adjustment vari-
ables, and study quality. Quality was
assessed using elements of the STROBE
checklist for cohort studies considered
important for quality in these studies.11

To judge quality, we abstracted infor-
mation on population source; method of
diabetes and outcome ascertainment;
whether diabetes was the primary expo-
sure variable or 1 of a group of prognos-
tic variables; and statistical methods, in-
cluding the use of survival analysis and
adjustment for confounders.

Data Synthesis and Statistical
Analysis

To avoid overlapping patient popula-
tions, we compared data on recruit-
ment years, data source, and geo-
graphic location. If a patient population
was found to overlap, we included the
article with the most comprehensive
population or most adjusted estimate
of risk associated with preexisting dia-
betes. This resulted in the exclusion of
12 articles from our systematic re-
view.12-23 If several estimates were re-
ported in the same article, we chose the
most fully adjusted estimate (ie, mul-
tivariate regression was selected over
univariate regression, which was se-
lected over unadjusted Kaplan-Meier
analysis). If an article gave site-
specific as well as overall estimates, the
overall estimate was used in the pri-
mary meta-analysis and site-specific es-
timates were used in meta-analyses by
cancer site. If an article only reported
multiple estimates by subgroup, these
estimates were entered separately into
our meta-analysis.

Authors were contacted for clarifi-
cation for the systematic review and for
additional, unreported information for
the meta-analysis. For the meta-
analysis, in the case that a P value with-
out a risk estimate was reported, au-
thors were contacted to obtain the
estimates. When diabetes was not in-
cluded in the final adjusted model, au-
thors were contacted and asked to pro-
vide an adjusted estimate of the risk of
preexisting diabetes. Of the 12 au-

thors contacted, 3 were able to pro-
vide additional information, 4 were
unable to furnish the necessary infor-
mation, and 5 did not respond to our
request. The 9 studies with insuffi-
cient reporting were still included in the
systematic review as described here.

The results of the systematic review
are summarized qualitatively. The null
hypothesis of “no additional mortality
risk in cancer patients with preexist-
ing diabetes” for studies reporting di-
rection of effect was tested with a non-
parametric sign test.24

For the meta-analysis, we calcu-
lated a pooled HR estimate across all
studies. Heterogeneity between stud-
ies was assessed using Cochran Q sta-
tistics and I2 statistics.25 Publication bias
was evaluated using the Begg funnel
plot and Egger plot. Sensitivity analy-
ses were conducted first by excluding
unadjusted estimates and then by ex-
cluding estimates that did not adjust (or
stratify) for age and stage at time of di-
agnosis. Second, to evaluate period ef-
fects, we calculated point estimates for
studies where the midpoint of the case
recruitment period fell on or before the
median year of 1996 (range, 1981-
1996) vs after 1996 (range, 1997-
2005). Third, to explore the impact of
study quality, we conducted sensitiv-
ity analyses by important quality com-
ponents. Finally, we evaluated the in-
fluence of each study on the overall
estimate by calculating a pooled HR,
omitting each estimate 1 at a time.

Cancer sites with at least 3 esti-
mates meeting our meta-analysis cri-
teria (breast, colorectal, endometrial,
gastric, hepatocellular, lung, pancre-
atic, and prostate cancer) are reported
separately. We calculated all pooled HR
estimates using the DerSimonian-
Laird method26 for a random-effects
model since there was substantial be-
tween-study heterogeneity and to al-
low for variable effects across studies.
Using the method described by Cohn
and Becker,27 post hoc power calcula-
tions based on the overall and site-
specific pooled HRs revealed excel-
lent power (�95%) for overall,
endometrial, breast, and colorectal can-
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cer estimates and low power (�50%)
for prostate, gastric, hepatocellular,
lung, and pancreatic cancer estimates.
Type 1 error rate was set at �= .05 and
all tests were 2-sided. All analyses were
conducted using Stata 10 (StataCorp,
College Station, Texas).

RESULTS
Our literature search yielded 7858 ar-
ticles, of which 94 met inclusion cri-
teria for our overall systematic review
of the effect of preexisting diabetes on
cancer prognosis. Most excluded stud-
ies did not report the risk of preexist-
ing diabetes on prognosis or lacked
original data. Of the 94 articles, 48 were

eligible for inclusion in the present sys-
tematic review of the risk of preexist-
ing diabetes on long-term, all-cause
mortality. Of these, 23 studies met in-
clusion criteria for our meta-analysis
(FIGURE 1). Descriptive data for stud-
ies included in our meta-analysis are
listed in order of increasing risk ratios
(TABLE 1). Descriptive data and main
results for the remaining studies in-
cluded only in the qualitative review are
presented by cancer site (eTable 1; http:
//www.jama.com).

Description of Studies

The 48 articles included in our system-
atic review of long-term, all-cause mor-

tality were quite heterogeneous. Twenty-
eight studies used traditional cohorts of
newly diagnosed cancer patients, 18
studies used treatment or surgical co-
horts, one was a case-control study, and
another was a matched-cohort study.
Four studies evaluated the effect of pre-
existing diabetes on a group of cancer pa-
tients with multiple types of cancer, but
most studies (n=44) focused on a single
cancer site. The studies had been con-
ducted in the United States (n=21), Eu-
rope (n=15), Asia (n=11), and Austra-
lia (n=1). Sample sizes ranged from 42
to 58 498 with a median of 430. Across
the 43 studies that reported the num-
ber of participants with diabetes, the
overall prevalence of diabetes was 12%
(range, 4%-60%). Across the 44 studies
that reported participant sex, the total
population was 49% male. Reporting of
age and follow-up time varied widely
across studies.

Survival analyses reported various
outcomes, including cumulative 1-year,
2-year, 3-year, 5-year, 10-year, and
overall survival or mortality rates. The
studies employed a variety of analytic
techniques, including life-table and
Kaplan-Meier survival analysis, Cox
proportional hazards regression, and
Poisson regression. Time origin for sur-
vival analysis was generally the time of
cancer diagnosis, except in the case of
treatment or surgical cohorts where the
time of origin was the beginning of
treatment or the date of surgery.

Quality varied across studies
(eTable 2). Ten studies used popula-
tion-based cohorts and the other 38
used clinic-based cohorts. Although the
majority of studies ascertained diabe-
tes by either blood tests (n=7) or medi-
cal records (n=34), a few studies used
self-report of diabetes (n=3) and 4 stud-
ies did not report method of diabetes
ascertainment. Studies used death reg-
istries (n=10), medical records (n=28),
or interviews (n=8) to ascertain vital
status and 2 studies did not report
method of outcome ascertainment. Fif-
teen studies investigated diabetes as the
primary exposure of interest while the
remaining 33 studies evaluated diabe-
tes among other prognostic variables.

Figure 1. Study Selection

16 Articles with percentages or Kaplan-Meier
survival curves included in qualitative review

9 Articles with regression models that did not
report the hazard or risk ratio included in
qualitative review

23 Articles with hazard or risk ratio and precision
included in qualitative review and meta-analysis

48 Articles included in long-term, all-cause
mortality systematic review

46 Excluded (for 1 or more reasons)
12 Repeated analysis in a single population
18 Did not evaluate overall mortality
17 Had less than 3 mo of follow-up time

10 Articles included in review of cancer-specific
or noncancer mortality

84 Excluded (did not report cause-specific mortality)

94 Articles identified in overall search

238 Articles reviewed

695 Abstracts reviewed

148 Excluded after full article review (for 1 or more reasons)
77 Did not evaluate the risk of preexisting diabetes mellitus
29 Did not report original data
27 Did not evaluate a prognostic outcome
13 Duplicate articles
7 Did not apply to research question

457 Excluded after abstract review

7163 Excluded after title review

90 Articles included 4 Additional articles included from reference review

7858 Citations reviewed

MORTALITY IN CANCER PATIENTS WITH DIABETES

2756 JAMA, December 17, 2008—Vol 300, No. 23 (Reprinted) ©2008 American Medical Association. All rights reserved.

 at CDC-Information Center on December 17, 2008 www.jama.comDownloaded from 

http://jama.ama-assn.org


Table 1. Characteristics of 23 Studies Included in the Meta-analysis of the Effect of Preexisting Diabetes on All-Cause, Long-term Mortality

Source
(Country of

Study)
Study
Type Cancer Site

Years of
Diagnosis Exclusion Criteria

Patients With
DM, No./

Total No. (%) Age, y
Men, No.

(%)
Follow-up

Time
Adjustment
Variables

Sperti et al,28

2003 (Italy)
TC Pancreas 1996-

2002
No PET scan with

semiquantitative
analysis of tracer
uptake

20/60 (33) Mean, 66.3
(range,
48-82)

34 (57) Range, 1-35
mo

Age, tumor stage,
standardized
uptake value,
tumor grade,
treatment, CA
19-9, sex

Vasić,29 2007
(Serbia)

TC Lung
(non–
small
cell)

2005-
2006

Not stage III, IV; large
cell cancer;
operable or
resectable
cancer

11/87 (13) Mean, 63.7
(range,
47-86)

75 (86) 6 mo Age, sex, histology,
Karnofsky score

Huo et al,30

2004
(Taiwan)

C Hepato-
cellular

1996-
2001

Incomplete medical
records

120/567 (21) Resection:
mean (SD),
61 (13)

No resection:
mean (SD),
67 (10)

473 (83) Resection:
mean (SD),
33 (18) mo

No resection:
mean (SD),
24 (15) mo

Three groupsa

Valery et al,31

2006
(Australia)

MC Allb 1997-
2002

Not state resident,
private insurance
only, no public
hospital cancer
visit, inaccessible
medical record

192/1625 (12) 1-14 (4%),
15-39
(11%),
40-59
(40%),
�60 (45%)

NA Median, 42
mo (range,
12-84 mo)

Age, sex, diagnosis
year, residence,
cancer type,
indigenous
status, stage,
treatment,
comorbidities

Kouvaris et
al,32 2001
(Greece)

C Vulvar 1979-
1997

Incomplete data and
follow-up, cancer
not invasive or
squamous

30/50 (60) Median, 73.5
(range,
38-84)

0 Median, 61
mo (range,
6-155 mo)

None

Shonka et al,33

2006
(United
States)

C Colon 1986-
2003

None 255/1853 (14) DM median,
72
NG
median, 71

891 (48) NA Age, stage, sex,
diagnosis
year, tobacco
use, family
history

Gross et al,34

2006
(United
States)

C Colorectal 1993-
1999

�67 y, not stage I-III,
death same
month as cancer
diagnosis, data
source autopsy
or death
certificate,
ineligible for
Medicare in 2 y
prior to cancer
diagnosis,
missing
demographic
data

5283/29 733
(18)

Mean, 77.8
(range,
67-99)

13 380 (45) Median, 4.1 y
(range,
3-10 y)

Age,
sociodemo-
graphic and
cancer
characteristics,
comorbidities

Lin et al,35

2007
(Taiwan)

C Lymphoma
(non-
Hodgkin)

2000-
2004

�30 y, AIDS, DM
diagnosed �1 y
prior to cancer
diagnosis, prior
malignancy

26/242 (11) Median, 59 142 (59) NA Nonec

Polednak,36

2006
(United
States)

C Colorectal 1994-
1999

Data source death
certificate or
autopsy,
unspecified
race, additional
reported
cancer, unknown
month of
diagnosis or last
contact

1014/9395
(11)

�60 (19%),
60-69
(22%),
70-79
(32%),
�80 (27%)

4487 (48) Range, 4-10 y Age, extent of
disease, lymph
node status, sex,
race, poverty
rate

Park et al,37

2006
(Korea)

C Allb 1996-
2002

�20 y, not first
cancer or
multiple primary
cancers, female

1223/14 578
(8)

Mean, 50.8 14 578 (100) Mean, 3.03 y
Maximum,
6.8 y

Age, alcohol use,
BMI, cholesterol,
physical activity,
food preference,
BP,
comorbidities

(continued)
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Table 1. Characteristics of 23 Studies Included in the Meta-analysis of the Effect of Preexisting Diabetes on All-Cause, Long-term Mortality
(continued)

Source
(Country of

Study)
Study
Type Cancer Site

Years of
Diagnosis Exclusion Criteria

Patients With
DM, No./

Total No. (%) Age, y
Men, No.

(%)
Follow-up

Time
Adjustment
Variables

Tammemagi et
al,38 2003
(United
States)

C Lung 1995-
1998

Not primary
bronchogenic
lung cancer, race
not black or
white, no
principal care at
Henry Ford
Health System

NA/1155 NA 685 (59) Median,
27 mo

Age, stage, sex,
smoking,
histology

Meyerhardt et
al,39 2003
(United
States)

C Colon 1988-
1992

Not stage II, III; no en
bloc resection,
residual disease;
ECOG �2;
inadequate bone
marrow, renal, or
hepatic function;
unavailable
medical record;
pregnant or
lactating; other
malignancy in the
previous 3 y;
previous
chemotherapy,
radiotherapy,
fluorouracil

287/3549 (8) DM mean, 66;
NG mean,
62

1937 (55) Median, 9.4 y Age, stage, BMI,
sex, race,
baseline
performance
status, bowel
obstruction,
bowel
perforation,
presence of
peritoneal
implants,
completion of
chemotherapy

van de
Poll-Franse
et al,40

2007 (the
Nether-
lands)

C Allb 1995-
2002

Not in the cancer
registry

5555/58 498
(9)

DM mean, 71
NG mean,
64

30 782 (53) Range, 3-10 y Age, stage, sex,
treatment, CVD

Du and
Simon,41

2005
(United
States)

C Breast 1994-
1997

Treatment at another
institution, not
stage I-III, race
not black or
white, �1 y
follow-up

73/588 (12) White: mean
(SD),
58 (14.1) y
Black:
mean (SD),
60 (13.6)

0 Mean, 3.68 y
Median,
3.72 y

Age, stage, nodal
involvement,
estrogen and
progesterone
receptor status,
race,
comorbidities

Chia et al,42

2007
(United
States)

C Endometrial 1991-
1994

No telephone
number, driver’s
license, or
Medicare card;
no physician or
patient
permission;
contact not
possible

93/739 (13) Range, 40-79 0 Mean, 9.3 y
(range,
1.1-12.9 y)

Age, stage,
menopausal
status, BMI,
smoking, oral
contraceptive
use, parity,
hormone therapy

Yancik et al,43

2001
(United
States)

C Breast 1992 �55 y, missing data
on death

NA/1800 �55 0 30 mo Age, stage,
comorbidities

Ikeda et al,44

1998
(Japan)

TC Hepato-
cellular

1985-
1995

No curative hepatic
resection

87/342 (25) Mean (SD),
59.7 (8.3)

275 (80) Median, 43 mo
(range,
1-135 mo)

Microscopic
intrahepatic
metastasis

Tammemagi et
al,45 2005
(United
States)

C Breast 1985-
1990

Not incident cancer,
nonmember of
Henry Ford
Health System,
race not black or
white, incomplete
data or follow-up

127/906 (14) �50 (26%),
50-69
(43%),
�70 (31%)

0 Median, 10.0 y
(range,
0.04-17.8 y)

None

Steiner et al,46

2007
(Germany,
Japan)

C Endometrial Germany:
1985-
2000
Japan:
1992-
2003

Not histologically
proven

64/313 (20) Median, 64
(range,
32-91)

0 Mean, 45 mo
Median,
37 mo

Stage, depth of
myometrial
invasion

(continued)
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Most (n=46) of the studies used sur-
vival analysis, but only 30 used ad-
justed models and only 18 adjusted for
age and cancer severity.

Systematic Review of Evidence

The best evidence from each study is
summarized here. For example, if a
study reported both a log-rank test from
Kaplan-Meier survival curves and an ad-
justed Cox proportional HR, only the
HR is included.

Of 5 studies reporting survival or
mortality percentages comparing can-
cer populations with and without pre-
existing diabetes,51-55 only 1 study re-
ported a P value. Two studies observed
higher risk in patients with diabetes and
3 studies observed higher risk in pa-
tients without diabetes.

Of 11 studies using Kaplan-Meier sur-
vival curves or life-table survival with
either the log-rank or Wilcoxon tests,56-66

diabetes was associated with signifi-
cantly decreased survival in 2 studies,
nonsignificantly decreased survival in 5
studies, and nonsignificantly increased
survival in 1 study; the remaining 3 stud-
ies reported a nonsignificant difference
without a direction of effect.

Of the 4 studies with unadjusted Cox
proportional HRs for the risk of preex-
isting diabetes,32,35,45,67 diabetes was as-
sociated with significantly increased risk
in 2 studies and nonsignificantly in-
creased risk in 1 study; 1 study did not
have sufficient information to deter-
mine direction of effect.

Twenty-eight studies provided 30 ad-
justed Cox or Poisson models (HRs or
RRs) of the risk of preexisting diabe-
tes.* Of these 30 estimates, 17 re-
ported that preexisting diabetes was as-
sociated with significantly increased risk
of all-cause mortality in cancer pa-
tients, 3 that diabetes was associated
with nonsignificantly increased mor-
tality, 3 that diabetes was associated
with nonsignificantly decreased mor-
tality, and 1 that there was no effect; the
remaining 6 estimates were not statis-
tically significant, but sufficient infor-
mation to determine directionality was
unavailable.

No study included in this system-
atic review reported that diabetes was
associated with significantly better
survival. For the nonparametric sign

test, we considered whether studies
reported higher or lower mortality
risk associated with preexisting diabe-
tes, regardless of significance level or
magnitude of effect. Overall, 32 study
estimates found diabetes was associ-
ated with increased risk of mortality,
7 found diabetes was associated with
decreased risk of mortality, 1 found a
null effect, and 10 did not report a
direction of effect. The sign test
rejected the null hypothesis of equal
mortality in patients with and without
preexisting diabetes whether we
excluded studies that did not report a
direction of effect (P = .001) or
assumed studies that did not report a
direction of effect fell evenly in either
category (5 each side, P=.005).

Meta-analysis

Of the 32 studies reporting unad-
justed or adjusted regression models
evaluating the risk of preexisting dia-
betes on long-term, all-cause mortal-
ity, 21 studies reported 22 estimates
including both risk (HR or RR) and
precision (standard error, P value, or
95% CI). The addition of 3 unre-
ported estimates supplied by article*References 28-31, 33, 34, 36-44, 46-50, 68-75.

Table 1. Characteristics of 23 Studies Included in the Meta-analysis of the Effect of Preexisting Diabetes on All-Cause, Long-term Mortality
(continued)

Source
(Country of

Study)
Study
Type Cancer Site

Years of
Diagnosis Exclusion Criteria

Patients With
DM, No./

Total No. (%) Age, y
Men, No.

(%)
Follow-up

Time
Adjustment
Variables

Merrick et al,47

2007
(United
States)

TC Prostate 1995-
2003

Not stage T1b-T3a
and Gleason 7,
not undergoing
brachytherapy by
single surgeon

64/530 (12) Mean (SD),
66.1 (7.4)

530 (100) Mean (SD),
6 (2.3) y

Age, stage,
smoking,
percentage
positive biopsies,
BMI

Folsom et al,48

2004
(United
States)

C Endometrial 1986-
2000

�55 y or �69 y in
1986, uterine
sarcomas and
mullerian mixed
tumors

42/415 (10) �68 (36%),
68-72
(33%),
�72 (31%)

0 Median, 6.4 y Age, extent of
cancer

Sperti et al,49

1996 (Italy)
TC Pancreas 1970-

1992
No surgical resection

of ductal
adenocarcinoma
of the pancreas

62/113 (55) Mean, 59.4
(range,
27-81)

66 (58) NA Age, stage, grade

Fujiwara et al,50

2008
(Japan)

TC Gastric 1998-
2002

No gastrectomy with
regional
lymphadenec-
tomy, distant
metastasis

14/94 (15) Mean (SD),
60 (11.5)

70 (74) Minimum, 5 y Age, lymph node
metastasis

Abbreviations: BMI, body mass index; BP, blood pressure; C, cohort; CA 19-9, carbohydrate 19-9 antigen; CVD, cardiovascular disease; DM, diabetes mellitus; ECOG, Eastern Coop-
erative Oncology Group performance status; MC, matched cohort; NA, not available; NG, normoglycemic; PET, positron emission tomography; TC, treatment or surgical cohort.

aSurgical resection: age, serum �-fetoprotein level �400 ng/mL; no resection, Childs Pugh A multifocal tumors, tumor size �5 cm; and no resection, Childs Pugh B tumor size �5 cm,
number of tumors.

bStudies that evaluated multiple cancer sites in single analysis.
cStudy reported both an overall model and a model with a significant time�diabetes interaction and further adjustment. The first model is reported for consistency and use in meta-

analysis.
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authors increased the size of our
meta-analysis to 23 studies with 25
estimates.29,30,49 Characteristics and
demographic information as well as
adjustment or restriction variables
for included articles are listed in
Table 1.

Of the remaining 9 articles with re-
gression models but insufficient report-
ing to include in our meta-analysis, 3
studies reported preexisting diabetes
was associated with significantly in-
creased risk of mortality (P� .05) while
6 found a nonsignificant relationship
(P� .05) without indicating direction
of effect.

FIGURE 2 displays the results of the
meta-analysis of the 23 studies. Preex-
isting diabetes was associated with an
increase in all-cause mortality follow-
ing cancer diagnosis (HR=1.41; 95% CI,
1.28-1.55). No significant publication
bias was observed according to the Begg
test (P = .92) or Egger plot (P = .34)

(eFigure). Heterogeneity was signifi-
cant by the Q statistic (205 on 24 df,
P� .001) and by I2 (88.3%, P� .001).

Sensitivity Analyses

Because the investigators’ approaches
to adjustment for confounding factors
varied widely by study and type of
cancer (Table 1), we conducted a
sensitivity analysis to confirm robust-
ness (TABLE 2). After excluding uni-
variate estimates (n=3),32,35,45 the HR
remained 1.40 (95% CI, 1.29-1.52).
Next, we excluded analyses that did
not at least adjust or restrict age and
disease severity at cancer diagnosis
(n=7),29-31,37,44,46 because we believe
these are particularly important
potential confounders. The estimated
HR in this sensitivity analysis was
1.42 (95% CI, 1.28-1.56).

In a second sensitivity analysis to
evaluate period effects, we calculated
a pooled HR for studies with the mid-

point of case recruitment on or before
1996 (n=12) and after 1996 (n=13).
The earlier group had an HR of 1.45
(95% CI, 1.26-1.67) and the more re-
cent group had an HR of 1.37 (95% CI,
1.26-1.46).

A third sensitivity analysis eval-
uated the impact of addit ional
quality components on the pooled HR
(eTable 2A). First, we calculated
separate estimates by source of
study population and found that
population-based studies (8 esti-
mates) had a pooled HR of 1.39 (95%
CI, 1.27-1.52) and clinic-based stud-
ies (17 estimates) had a pooled HR of
1.46 (95% CI, 1.21-1.78). Second, we
excluded studies (4 estimates) that
had either self-reported diabetes
ascertainment or that did not report
the method of diabetes or outcome
ascertainment. The remaining studies
had a pooled HR of 1.37 (95% CI,
1.24-1.51). We also calculated sepa-
rate estimates for the 9 studies that
considered diabetes as the primary
exposure (HR, 1.42; 95% CI, 1.30-
1.56) and the 14 studies that consid-
ered diabetes among prognostic fac-
tors (HR, 1.36; 95% CI, 1.20-1.55).

Finally, we excluded individual study
estimates 1 at a time to examine the in-
fluence of each study on the overall HR.
The omission of any one study did not
appreciably change the pooled HR, and
the estimates in each case were well
within the confidence limits of the over-
all estimate.

Next, we investigated the risk asso-
ciated with preexisting diabetes by
cancer site for sites with at least 3 risk
estimates qualifying for our meta-
analysis. Park et al37 as well as van de
Poll-Franse et al40 reported site-
specific risk as well as the overall risk
estimates, and these site-specific esti-
mates were included in the meta-
analyses by cancer type (TABLE 3). Pre-
existing diabetes was significantly
associated with increased long-term,
all-cause mortality for cancers of the en-
dometrium (HR, 1.76; 95% CI, 1.34-
2.31), breast (HR, 1.61; 95% CI, 1.46-
1.78), and colorectum (HR, 1.32; 95%
CI, 1.24-1.41). Diabetes was associ-

Figure 2. Meta-analysis and Pooled Hazard Ratio of Long-term, All-Cause Mortality in 23
Studies Comparing Cancer Patients With and Without Preexisting Diabetes Mellitus

0.25 0.5 1 2 4 8
Hazard Ratio (95% CI)

Source Weight, %Hazard Ratio (95% CI)
Sperti et al,28 2003 1.700.63 (0.32-1.22)
Vasic,29 2007 0.410.67 (0.15-2.93)
Huo et al,30 2004a 5.780.94 (0.73-1.21)
Valery et al,31 2006 4.271.00 (0.70-1.40)
Kouvaris et al,32 2001 9.431.04 (1.01-1.10)
Shonka et al,33 2006 0.391.08 (0.24-4.85)
Gross et al,34 2006 9.461.23 (1.18-1.28)
Lin et al,35 2007 1.311.33 (0.61-2.90)
Polednak,36 2006 9.031.38 (1.27-1.49)
Park et al,37 2006 8.931.38 (1.27-1.51)
Tammemagi et al,38 2003 0.511.40 (0.20-2.72)
Meyerhardt et al,39 2003 7.661.42 (1.22-1.67)
van de Poll-Franse et al,40 2007 9.531.44 (1.40-1.49)
Du and Simon,41 2005 1.971.58 (0.86-2.92)
Huo et al,30 2004b 3.491.60 (1.10-2.50)
Chia et al,42 2007 3.491.70 (1.10-2.50)
Yancik et al,43 2001 4.111.76 (1.23-2.52)
Ikeda et al,44 1998 2.791.76 (1.09-2.86)
Tammemagi et al,45 2005 6.241.85 (1.47-2.32)
Steiner et al,46 2007 2.451.88 (1.11-3.19)
Huo et al,30 2004c 1.492.30 (1.20-5.10)
Merrick et al,47 2007 1.382.41 (1.14-5.15)
Folsom et al,48 2004 2.402.79 (1.63-4.78)
Sperti et al,49 1996 1.313.02 (1.38-6.60)
Fujiwara et al,50 2008 0.474.05 (1.03-15.80)

Overall
I2 = 88.3%; P<.001

100.001.41 (1.28-1.55)

The 23 studies provided 25 estimates. Weights are from random-effects analysis. Data markers are propor-
tional to study sample sizes. CI indicates confidence interval.
aPatients who had no resection, Childs Pugh B.
bPatients who had no resection, Childs Pugh A.
cPatients undergoing surgical resection.
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ated with a nonsignificant increase in
risk in prostate (HR, 1.51; 95% CI, 0.94-
2.43), gastric (HR, 1.36; 95% CI, 0.92-
2.01), hepatocellular (HR, 1.30; 95% CI,
0.99-1.70), lung (HR, 1.15; 95% CI,
0.99-1.34), and pancreatic cancer (HR,
1.09; 95% CI, 0.70-1.69).

Cancer-Specific and Noncancer
Mortality

To further describe the observed
higher risk of mortality in cancer
patients with preexisting diabetes, we
searched the literature for articles
reporting either cancer-specific mor-
tality or noncancer mortality. From
the 7858 citations and 94 articles
included in the aforementioned sys-
tematic review, 10 articles reported
the association of preexisting diabe-
tes with cause-specific mortality
(Figure 1). Seven articles reported
the risk of diabetes associated with
cancer-specific mortality,42,47,48,68,76-78

1 article reported the risk of diabetes
associated with both cancer-specific
and noncancer mortality,36 and 2
articles reported the risk of diabetes
associated with noncancer mortal-
ity67,79 (eTable 1B). These articles
evaluated patients with colorectal
(n=3), endometrial (n=4), and pros-
tate (n = 3) cancer. Eight of 10
articles used Cox proportional haz-
ards regression and 2 calculated
Kaplan-Meier cumulative survival.

Of 9 estimates from 8 articles
reporting the association of diabetes
with cancer-specific mortality, 2 esti-
mates found significantly higher
risk,48,78 2 estimates found a nonsig-
nificantly higher risk,36,77 2 estimates
found a nonsignificantly lower
risk,42,77 and 3 articles did not report
a direction of effect.47,68,76 No study

reported that diabetes was associated
with a significant decrease in cancer-
specific mortality. We performed a
nonparametric sign test and found
no association between diabetes and
increased cancer-specific mortality
(P=.69).

Of the 3 studies evaluating non-
cancer mortality, 2 found a signifi-
cant association with increased risk
among patients with preexisting dia-
betes36,79 and 1 article reported a
nonsignificant association with no
direction of effect.67

COMMENT
Preexisting diabetes in cancer patients
at the time of diagnosis was associated
with an HR of 1.41 for the risk of all-
cause mortality compared with indi-
viduals without diabetes when pooled
across 23 studies of various types of can-
cer. This estimate was robust across sen-
sitivity analyses that accounted for
population source, diabetes and mor-
tality ascertainment, and statistical ad-
justment. While the association of dia-
betes and site-specific mortality risk
reached statistical significance only for

cancers of the endometrium, breast, and
colorectum, diabetes appeared to be as-
sociated with some additional mortal-
ity risk for all types of cancer.

Strengths of the study include a com-
prehensive, systematic review of the lit-
erature by a multidisciplinary team in-
cluding specialists in cancer, diabetes,
and epidemiologic methods. We used
a broad search strategy to capture all rel-
evant information. Even though we had
to exclude about half of the appar-
ently relevant articles from our meta-
analysis for lack of regression models
or insufficient reporting, the excluded
articles were generally consistent with
pooled, quantitative results. More-
over, there was no evidence of publi-
cation bias. The majority of the stud-
ies included in the review evaluated
multiple prognostic variables, which
likely decreased the risk of publica-
tion bias with respect to the relation-
ship between diabetes and mortality in
this patient population, and the pooled
estimate was stable when restricted to
these articles. Finally, a meta-analysis
was performed on 23 articles that ad-
dressed the specific research ques-

Table 3. Pooled Hazard Ratios of Long-term, All-Cause Mortality in Cancer Patients With
and Without Preexisting Diabetes Mellitus in Selected Cancer Sites

Cancer Site
Studies

(Estimates), No.
Total Patients,

No.
Patients With
Diabetes, No.

Pooled HR
(95% CI)a I2, %

Endometrial 4 (4)40,42,46,48 2900 429 1.76 (1.34-2.31) 44.3

Breast 4 (4)40,41,43,45 13 019 1107b 1.61 (1.46-1.78) 0

Prostate 3 (3)37,40,47 6264 555b 1.51 (0.94-2.43) 47.1

Gastric 3 (3)37,40,50 6200 687b 1.36 (0.92-2.01) 83.6

Colorectal 6 (7)33,34,36,37,39,40 54 740 8028b 1.32 (1.24-1.41) 52.4

Hepatocellular 3 (5)30,37,44 3724 848b 1.30 (0.99-1.70) 68.9

Lung 4 (5)29,37,38,40 11 109 989c 1.15 (0.99-1.34) 47.7

Pancreas 4 (4)28,37,40,49 1681 477b 1.09 (0.70-1.69) 73.4
Abbreviations: CI, confidence interval; HR, hazard ratio.
aEstimates calculated using a random-effects model.
bNumber is extrapolated because 1 study did not report prevalence of diabetes.
cNumber is extrapolated because 2 studies did not report prevalence of diabetes.

Table 2. Pooled Hazard Ratios of Long-term, All-Cause Mortality in Cancer Patients With and Without Preexisting Diabetes Mellitus

Type of Estimate
Studies (Estimates),

No.
Total Patients,

No.
Patients With

Diabetes, No.a
Pooled HR
(95% CI)b

All estimates 23 (25) 127 232 14 990 1.41 (1.28-1.55)

All adjusted estimates 20 (22) 126 034 14 806 1.40 (1.29-1.52)

Estimates adjusted for age and stage 15 (15) 110 489 13 400 1.42 (1.28-1.56)
Abbreviations: CI, confidence interval; HR, hazard ratio.
aNumber is extrapolated based on 21 of 23 studies that reported prevalence of diabetes.
bEstimates calculated using a random-effects model.
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tion, and influence and sensitivity
analyses confirmed the robustness of
the main results.

Several limitations of the literature
as well as our systematic review and
meta-analysis deserve comment. First,
the studies showed great heteroge-
neity in terms of population demo-
graphics, ascertainment methods for
diabetes, and measurement and adjust-
ment for confounders. Despite the use
of appropriate meta-analytic tech-
niques with random-effect models, we
are unable to account for these differ-
ences. However, multiple sensitivity
analyses found the risk estimate was ro-
bust across various quality compo-
nents. Second, studies included in the
review span many decades (published
between 1969 and 2008) during which
great advances have been made in the
treatment of cancer and diabetes. De-
spite this, point estimates for earlier and
more recent studies were similar. Fi-
nally, differences in follow-up time,
which was not always reported, may
also limit interpretation of the results.
However, the consistency of results
across studies, cancer sites, follow-up
time, and continents supports the main
findings. The large I2 value (88%) in-
dicates that the range of plausible risk
estimates is wide, but we found no evi-
dence that preexisting diabetes might
be protective.

There are several potential explana-
tions for the observed association
between increased all-cause mortality
and preexisting diabetes in cancer
patients. First, cancer patients with
diabetes may have increased tumor
cell proliferation and metastases in a
physiologic environment of hyperin-
sulinemia and hyperglycemia.10 It is
possible that high insulin or insulin-
like growth factor levels may promote
cancer cell and tumor growth.10

Another potential pathway is that
acute exposure to hyperglycemia
may increase endothelial cell perme-
ability due to increased generation of
reactive oxidative species and struc-
tural changes in the basement mem-
brane, increasing the likelihood of
metastasis.80

Second, differences in cancer treat-
ment between patients with and with-
out diabetes may contribute to in-
creased cancer-related mortality.
Patients with diabetes often have other
diabetes-related comorbid conditions,
such as ischemic heart disease, chronic
kidney disease, and neuropathy, that
may influence clinical decisions.10 The
study by van de Poll-Franse et al40 found
that patients with esophageal, colon,
breast, and ovarian cancer and diabe-
tes were treated less aggressively than
those without diabetes after control-
ling for age, stage, and sex in the Eind-
hoven Cancer Registry of the Nether-
lands.

Third, patients with preexisting dia-
betes may have poorer response to can-
cer treatment, including increased
infection risk and intraoperative mor-
tality.39,81

Fourth, patients with preexisting dia-
betes may present with later-stage dis-
ease because of suboptimal cancer
screening practices.82 Fleming et al83

found that women older than 67 years
with preexisting diabetes had a 17%
greater risk of being diagnosed with late
vs early stage breast cancer in the SEER
database compared with normoglyce-
mic women. In our analysis, however,
stage at diagnosis appeared not to be a
major explanatory factor.

Fifth, the diagnosis and treatment of
cancer may distract both the patient and
the health care team from appropriate
management of glycemia, blood pres-
sure, and lipids, proven to reduce mor-
bidity and mortality in diabetic adults.
Although results are not consistent, a
multidisciplinary approach that in-
cludes a diabetes-management team for
the treatment of cancer patients with
diabetes may be important for improv-
ing long-term outcomes and decreas-
ing mortality.84,85

Finally, it is possible that the excess
mortality risk related to diabetes is com-
pletely independent of cancer and can-
cer treatment. Diabetes is a well-
established risk factor for cardiovascular
mortality in adults without cancer,86 and
the microvascular and macrovascular
damage it causes likely accumulates to

some extent regardless of cancer sta-
tus. If this were true, one might pre-
dict that the excess mortality risk would
be confined to deaths attributed to
causes other than cancer (eg, coro-
nary heart disease). Our subsidiary
analysis of studies that distinguished be-
tween cancer and noncancer mortal-
ity was inconclusive, so this possibil-
ity cannot be excluded. However,
experts in cancer epidemiology recog-
nize that attribution of cause of death
is often problematic and that undue re-
liance on attributed cause can bias
estimates of risk related to cancer treat-
ment.87-90 Attention to all-cause mor-
tality tends to reduce bias due to mis-
attribution.

Future research should determine
the relative importance of different
pathways to diabetes-related mortality
risk. If a clinical or biological interac-
tion between diabetes and cancer care
is confirmed, subsequent trials should
test whether improvements in diabe-
tes care for patients with newly diag-
nosed cancer might reduce long-term
mortality.
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