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A B S T R A C T

Purpose
The goal of this study was to perform a systematic review and meta-analysis to examine the effect
of pre-existing diabetes on breast cancer–related outcomes.

Methods
We searched EMBASE and MEDLINE databases from inception through July 1, 2009, using
search terms related to diabetes mellitus, cancer, and prognostic outcome. Studies were included
if they reported a prognostic outcome by diabetes status, evaluated a cancer population, and
contained original data published in the English language. We performed a meta-analysis of
pre-existing diabetes and its effect on all-cause mortality in patients with breast cancer and
qualitatively summarized other prognostic outcomes.

Results
Of 8,828 titles identified, eight articles met inclusion/exclusion criteria and described out-
comes in patients with breast cancer and diabetes. Pre-existing diabetes was significantly
associated with all-cause mortality in six of seven studies. In a meta-analysis, patients with
breast cancer and diabetes had a significantly higher all-cause mortality risk (pooled hazard
ratio [HR], 1.49; 95% CI, 1.35 to 1.65) compared with their nondiabetic counterparts. Three of
four studies found pre-existing diabetes to be associated with more advanced stage at
presentation. Diabetes was also associated with altered regimens for breast cancer treatment
and increased toxicity from chemotherapy.

Conclusion
Compared with their nondiabetic counterparts, patients with breast cancer and pre-existing
diabetes have a greater risk of death and tend to present at later stages and receive altered
treatment regimens. Studies are needed to investigate pathophysiologic interactions between
diabetes and breast cancer and determine whether improvements in diabetes care can reduce
mortality in patients with breast cancer.

J Clin Oncol 29:40-46. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Diabetes mellitus and cancer are major causes of
morbidity and death worldwide.1 In the United
States alone, by 2007 there were approximately 24
million people with diabetes (approximately 8% of
the adult population)2 and 2.5 million survivors of
breast cancer.3 Recent research has focused atten-
tion on the effect of comorbid conditions on all-
cause mortality in women with breast cancer.4

Potential interactions between diabetes and breast
cancer, in particular, are complex.

Survival in patients with diabetes and breast
cancer may be negatively affected by less intensive
diabetes and/or cancer care. Factors may include

delay in diagnosis, lower use of effective adjuvant
therapies, and diabetes-related comorbidities.5,6

Metformin is a commonly used oral diabetic agent
that reduces hyperinsulinemia and may favorably
affect some measures of outcome in patients with
breast cancer. Specifically, hyperinsulinemia and
insulin-like growth factors may play a role by pro-
moting tumor growth, and preclinical data show an
in vitro effect of metformin in breast cancer cells.7

Metformin modulates known breast cancer prog-
nostic factors by increasing skeletal muscle glucose
uptake and reducing both hyperglycemia and hy-
perinsulinemia, and may have insulin-independent
effects through inhibition of the adenosine mono-
phosphate–activated protein kinase/mammalian
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target of rapamycin/S6 kinase 1 pathway.8 Retrospective clinical
data show higher rates of pathologic response after preoperative
chemotherapy in patients with diabetes and breast cancer receiving
metformin,9 providing a rationale to test new strategies in chemo-
prevention10 and in the adjuvant setting.11

In a recent meta-analysis, we demonstrated that patients with
pre-existing diabetes who develop cancer are at higher risk for long-
term, all-cause mortality compared with their nondiabetic counter-
parts.12 However, the impact of diabetes varied significantly across
different cancer types. Given the higher risk of breast cancer in women
with diabetes, research investigating how pre-existing diabetes may
influence breast cancer diagnosis, treatment, and survival is critical to
inform the proper care of these women. We therefore conducted a
systematic review and meta-analysis to test the hypothesis that pre-
existing diabetes has an adverse effect on all-cause mortality in women
with breast cancer, and also examined possible effects on stage at
diagnosis and choice of breast cancer treatment.

METHODS

Data Sources and Searches

We searched MEDLINE and EMBASE from inception to July 1, 2009, for
articles evaluating the effect of diabetes on any prognostic outcome in patients
with cancer, including survival, stage at diagnosis, treatment choice, and treat-
ment complications. Our overall search strategy included terms for diabetes
(eg, “diabetes,” “glucose intolerance,” “hyperglycemia”), cancer (eg, “cancer,”
“malignant neoplasm”), and prognosis (eg, “mortality,” “disease-free sur-
vival”) and was limited to English-language, human studies. We also searched
references of included articles.

Study Selection

Our search targeted articles that met the three following criteria: evalu-
ated any prognostic outcome by glycemic status, evaluated a population with
cancer, and contained original data. We included studies with any method of
diabetes ascertainment (eg, blood test, medication use, self-report). In this
review, we included only articles that evaluated outcomes in patients with
breast cancer. To be included in our meta-analysis of all-cause mortality,
articles had to meet the following two criteria: at least 3 months of follow-up,
and report a risk estimate (eg, hazard ratio [HR] or relative risk) relating
pre-existing diabetes to subsequent death with an estimate of precision, such as
an SE or 95% CI.

Data Extraction and Quality Assessment

Titles, abstracts, and articles were reviewed independently by two au-
thors. Disagreements were settled by consensus or a third review for adjudica-
tion. Abstracted data included study population characteristics, health
outcomes, adjustment variables, and study quality. Quality was assessed using
elements of the Strengthening the Reporting of Observational Studies in Epi-
demiology checklist for cohort studies that we considered important for qual-
ity.13 To judge quality, we abstracted information on population source,
method of diabetes and outcome ascertainment, whether diabetes was the
primary exposure variable or one of a group of prognostic variables, and
statistical adjustment for confounders.12 For sensitivity analyses by length of
follow-up, in studies that reported a range, we used the midpoint of the range
for average follow-up. Authors were contacted for clarification for the system-
atic review and for additional, unreported information for the meta-analysis.

Data Synthesis and Analyses

Outcomes reported in any article are summarized qualitatively in the
systematic review. These include all-cause mortality (seven studies), disease
stage (four studies), treatment (three studies), toxicity (one study), disease-free
survival (one study), and breast cancer–specific mortality (two studies).

We combined results from articles reporting risk estimates with confi-
dence intervals or SEs for all-cause mortality in a meta-analysis. Heterogeneity

between studies was assessed by using two statistical methods, Cochran Q
and I2.14 Because of substantial between-study heterogeneity (Q, 13.412 on 5
df; P � .02; I2, 62.7%; P � .02), we calculated a pooled HR using the
DerSimonian-Laird method for a random-effects model.15 We did not pool
results for other outcomes because of the small number of studies, heteroge-
neity between studies, or insufficient reporting.

Publication bias was evaluated using Begg’s funnel plot and the Egger
plot. We performed the Duval and Tweedie nonparametric trim and fill
procedure to further assess potential effects of publication bias. This method
considers the possibility of hypothetical missing studies, imputes their HRs,
and recalculates a pooled estimate.16

To assess the impact of study quality, we conducted a sensitivity analysis
that omitted lower quality studies. We considered studies to be of higher
quality and calculated separate random-effects pooled HRs if they were pop-
ulation based (n � 4)6,17-19 or used medical records or medication use for
diabetes ascertainment (n � 4)17,18,20,21 and evaluated diabetes as the primary
exposure variable (n � 3).6,18,19 We also calculated separate pooled estimates
for studies with shorter6,17,21 and longer18-20 follow-up periods. Finally, we
evaluated the influence of each study on the overall estimate by calculating a
random-effects pooled HR omitting each estimate, one at a time. All analyses
were conducted using STATA 10.1 (College Station, TX).

RESULTS

Literature Search

Figure 1 illustrates the process of evaluating articles for inclusion
in the review and meta-analysis. Of the 8,828 titles identified, we

Articles excluded by article review (n = 165)
  Did not evaluate risk of 
    comorbid diabetes (n = 85)
  Did not report original data (n = 31)
  Did not evaluate a prognostic
    outcome (n = 29)
  Duplicate articles (n = 15)
  Did not apply to research 
    question (n = 10)
  (articles could be excluded for 
   more than one reason)

Articles excluded (n = 106)
  Did not evaluate breast cancer (n = 106)

Articles excluded from 
meta-analysis (n = 2)
  Did not have sufficient information (n = 1)
  Did not evaluate all-cause mortality (n = 1)

Excluded by title review
(n = 8,028)

Excluded by abstract review
(n = 526)

Articles included
in systematic

review of breast 
cancer prognosis

(n = 8)

Articles included 
in meta-analysis of 
all-cause mortality

(n = 6)

Articles in 
overall research

(n = 114)

Citations
(n = 8,828)

Abstracts
(n = 800)

Articles
(n = 274)

Articles
(n = 109)

Articles from
reference review

(n = +5)

Fig 1. Flowchart of study selection.
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reviewed 800 abstracts and 274 articles to determine whether they met
our inclusion and exclusion criteria. One hundred nine manuscripts
provided estimates of the impact of diabetes on cancer prognosis, and
five additional articles were identified by searching references. Of the
114 articles, eight addressed the impact of diabetes on breast cancer
outcomes and were included in this review.6,17-23 Six of the articles
evaluated the association between diabetes and overall mortality in
patients diagnosed with breast cancer and met eligibility criteria to be
included in the meta-analysis.6,17-21

Study Description and Quality Assessment

Descriptive data for the studies included in this systematic review
and meta-analysis of all-cause mortality are summarized in Table 1.
The majority of the studies were performed in the United States
(n � 6);17,19-23 one was performed in the Netherlands18 and one in
Canada.6 All studies were published within the last 10 years. Sample
sizes ranged from 58821 to 70,781.19 The percentage of patients with

diabetes ranged from 8%18 to 31%.23 Many studies focused on older
women, consistent with the peak age of incident breast cancer.

On the basis of the methodology and reported data, the overall
quality of the six studies included in the meta-analysis was deemed
moderate to high.6,17-21 Of the six studies, four were population-based
cohorts6,17-19 and two were clinic-based cohorts.20,21 Four17,18,20,21 of
the studies used medical records or documented use of diabetic med-
icine to ascertain diabetes, one used a provincial registry of patients
documented as having diabetes on the basis of validated, administra-
tive data,6 and one used International Classification of Diseases (9th
revision) diagnosis codes from Surveillance, Epidemiology, and End
Results-Medicare.19 All studies used registry data to determine vital
status. Five of the studies in the meta-analysis adjusted for age;6,17-19,21

because of insufficient reporting, it was not possible to determine
whether the sixth study also adjusted for age.20 There were four studies
in the review that adjusted for stage,17-19,21 with other covariates vary-
ing across the studies. Three studies focused on diabetes as the primary

Table 1. Study Characteristics

Reference

Date of
Diagnosis

(range) Exclusion Criteria

Patients With DM

Age (years) Follow-Up
Outcomes
Reported Adjustment VariablesNo./Total No. %

Srokowski et al,19

2009
1992-2002 � 66 years, not

treated with
definitive surgical
therapy, previous
cancer, no
Medicare Part A
and B, HMO
member,
noncarcinoma
histology, stage IV
disease

14,414/70,781 20 66-70 (25%)
71-75 (27%)
76-80 (23%)
80� (25%)

Range, 2-12
years

All-cause mortality,
breast cancer
mortality, stage
at diagnosis,
treatment,
toxicity

Sex, diagnosis age,
ethnicity, marital
status, education level,
poverty level, diagnosis
year, SEER region,
tumor grade, ER
status, number positive
lymph nodes, Charlson
index, surgery type,
use of chemotherapy
or radiation

Lipscombe et al,6
2008

1995-2002 Not 55-79 years, not
living in Ontario,
ineligible for
universal health
care, pre-existing
breast cancer

1,011/6,107 17 DM: mean, 69.1
years

NG: mean, 68.0
years

Mean, 5.0 years
Range, 0-10.9

years

All-cause mortality Age, income, comorbidity,
screening mammogram

van de Poll-Franse
et al,18 2007

1995-2002 Not in the cancer
registry

754/9,725 8 DM: mean, 70.7
years

NG: mean, 58.9
years

Range, 3-10
years

All-cause mortality,
stage at
diagnosis,
treatment

Age, stage, gender,
treatment,
cardiovascular disease

Du and Simon,21

2005
1994-1997 Treatment received at

an outside
institution, race not
black or white, � 1
year follow-up,
stage IV disease

73/588 12 Mean, 59 years Mean, 3.68
years

All-cause mortality,
disease-free
survival

Age, stage, nodal
involvement, ER/PR
status, race,
comorbidity

Yancik et al,17 2001 1992 � 55 years, unknown
death information

NR/1,800 55-64 (35%)
65-74 (35%)
� 75 (31%)

30 months All-cause mortality,
stage at
diagnosis,
treatment

Age, stage, comorbidity

Tammemagi et al,20

2005
1985-1990 Not incident cancer,

not Henry Ford
Health System
member, race not
black or white

127/906 14 � 40 years (8%)
40-50 years (18%)
50-60 years (19%)
60-70 years (24%)
70-80 years (22%)
� 80 years (9%)

Median, 10
years

Range, 0.04-17.8
years

All-cause mortality Unclear

Fleming et al,23 1999 1993 � 67 years, not
incident cancer,
missing
information on
stage

267/848 31.5 � 67 years 1 year All-cause mortality,
breast cancer
mortality

None

Fleming et al,22 2005 1993-1995 � 67 years, not
covered by
Medicare 2 years
prior to cancer
diagnosis or
through 1998, prior
breast cancer, � 1
primary cancers,
HMO membership,
diagnosis from
autopsy, male

3,182/17,468 18 � 67 years NA Stage at diagnosis Comorbidity,
sociodemographic
variables, screening,
physician visits

Abbreviations: DM, diabetes mellitus; ER/PR, estrogen receptor/progesterone receptor; HMO, health maintenance organization; NA, not applicable; NG,
normoglycemic; NR, not reported; SEER, Surveillance, Epidemiology, and End Results.
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exposure,6,18,19 whereas the other five articles evaluated diabetes as one
of several different prognostic factors17,20-23 (Table 2). These differ-
ences in study design and outcomes assessment likely produced the
heterogeneity identified by the Cochran Q and I2 statistics.

Diabetes and All-Cause Mortality

Of the eight studies in the systematic review, six reported a risk
estimate of pre-existing diabetes with respect to all-cause mortality
with an estimate of precision and met eligibility criteria for the meta-
analysis.6,17-21 Study characteristics, demographic information, and
adjustment or restriction variables for the selected studies are listed in
Table 1. When we pooled the results of these studies, pre-existing
diabetes was associated with a 49% increased risk for all-cause mortal-
ity in women with breast cancer (HR, 1.49; 95% CI, 1.35 to 1.65; Fig 2).

We observed significant evidence of publication bias according
to the Egger plot (P � .04) but not according to Begg’s test (P � .71).
To evaluate the influence of potential publication bias, we used the
trim and fill method to calculate an adjusted pooled random-effects
HR. This method added three estimates to balance the funnel plot. The
adjusted risk estimate was slightly attenuated and remained significant
(HR, 1.41; 95% CI, 1.28 to 1.55).

Risk estimates from higher quality studies were similar to the
overall estimate. The pooled random-effects risk estimate for
population-based studies resulted in an HR of 1.42 (95% CI, 1.31 to
1.55); for studies ascertaining diabetes by medical record or medica-
tion use, the HR was 1.61 (95% CI, 1.46 to 1.78); and for studies with
diabetes as the primary exposure variable, the HR was 1.40 (95% CI,
1.30 to 1.52). Studies with an average follow-up of 5 years or less had a
pooled estimate with an HR of 1.44 (95% CI, 1.27 to 1.62); studies with
an average follow-up of greater than 5 years had a pooled estimate with
an HR of 1.52 (95% CI, 1.30 to 1.77). Analysis of influence revealed
that the risk of all-cause mortality among patients with breast cancer
and diabetes remained significant with the omission of each study in
turn. Omission of the study by Tammemagi et al20 resulted in the
lowest pooled estimate (HR, 1.42; 95% CI, 1.31to 1.53); omission of
the study by Srokowski et al19 resulted in the highest pooled estimate
(HR, 1.55; 95% CI, 1.40 to 1.72).

Diabetes and Breast Cancer–Specific Mortality

Two studies on cancer-specific mortality provided mixed results.
Srokowski et al19 observed elevated breast cancer–specific mortality in
women with diabetes who received chemotherapy compared with

Overall  

Yancik et al17

Lipscombe et al6

Author

Tammemagi et al20

Du et al21

Srokowski et al19

van de Poll-Franse et al18

1.49 (1.35 to 1.65)

1.76 (1.23 to 2.52)

1.39 (1.22 to 1.59)

HR (95% CI)

1.85 (1.47 to 2.32)

1.58 (0.86 to 2.92)

1.35 (1.31 to 1.39)

1.54 (1.37 to 1.74)

100.00

6.42

21.66

% Weight

12.47

2.52

33.65

23.28

10.5 2 4

I2 = 62.7%, P = .020

Fig 2. Meta-analysis of the effect of
pre-existing diabetes on all-cause mortal-
ity in patients with breast cancer. HR,
hazard ratio.

Table 2. Study Quality

Reference

Population Source
Diabetes Ascertainment Outcome

Ascertainment
Diabetes Evaluated As

Statistical
Analysis
Adjusted
Model?

Population-
Based Cohort

Clinic-Based
Cohort

Medical Record
or Medication

Use Other Registry
Medical
Record

Primary
Exposure

One of Multiple
Prognostic

Factors

Srokowski et al,19 2009 Y Y Y Y Y
Lipscombe et al,6 2008 Y Y Y Y Y
van de Poll-Franse et al,18 2007 Y Y Y Y Y
Du and Simon,21 2005 Y Y Y Y Y Y
Yancik et al,17 2001 Y Y Y Y Y
Tammemagi et al,20 2005 Y Y Y Y X
Fleming et al,23 1999 Y Y Y Y
Fleming et al,22 2005 Y Y Y Y Y

Abbreviations: Y, present in study; X, unclear.
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their nondiabetic counterparts (follow-up, 2 to 12 years; odds ratio
[OR], 1.20; 95% CI, 1.07 to 1.35). There was no diabetes-related
increase in breast cancer–specific mortality risk in women who had
not received chemotherapy. Fleming et al23 did not find an increased
risk for breast cancer–specific mortality at the 1-year follow-up in
patients with diabetes.

Diabetes and Breast Cancer Stage

Of four studies that examined the influence of pre-existing dia-
betes on stage of breast cancer, three found a positive association.17-19,22

Fleming et al22 evaluated women older than 67 years with breast
cancer using Surveillance, Epidemiology, and End Results-Medicare
data and found an increased risk of late-stage disease in women with
diabetes (OR, 1.17; 95% CI, 1.08 to 1.27). Srokowski et al19 demon-
strated that a higher percentage of women with diabetes presented
with a more advanced stage than their nondiabetic counterparts
(47% v 42% stage II or III, P � .0001). In the study by van de
Poll-Franse et al,18 it was found that patients with diabetes and breast
cancer were diagnosed more often with stage III or IV disease (19% v
12%). In contrast, Yancik et al17 found no association between diabe-
tes and breast cancer stage; however, a large number of patients in the
study did not have a stage assignment.

Diabetes and Choice of Breast Cancer Treatment

Three studies demonstrated that physicians prescribed modified
breast cancer treatment regimens for women with diabetes, compared
with their nondiabetic counterparts.17-19 In the study by van de Poll-
Franse et al,18 younger (age 35 to 65 years) patients with diabetes and
breast cancer were reported to be more likely to receive surgery (OR,
2.32; 95% CI, 1.01 to 5.38; P � .05) and hormonal therapy (OR, 1.66;
95% CI, 1.18 to 2.31; P� .05) than their nondiabetic counterparts, but
about half as likely to receive adjuvant chemotherapy (OR, 0.52; 95%
CI, 0.36 to 0.75). Compared with their nondiabetic counterparts,
older patients with breast cancer (� 65 years) and diabetes were less
likely than their nondiabetic counterparts to receive radiotherapy
(OR, 0.73; 95% CI, 0.60 to 0.88) and were less often treated with
breast-conserving therapy (39% v 46%; P � .01). Among a cohort of
patients receiving adjuvant chemotherapy, Srokowski et al19 found
that women with diabetes were less likely to receive anthracyclines
(OR, 0.78; 95% CI, 0.71 to 0.87) and taxanes (OR, 0.86; 95% CI, 0.75
to 0.99) compared with women without diabetes. Likewise, women
with insulin-treated diabetes were less likely to undergo axillary lymph
node dissection than their nondiabetic counterparts.17

Diabetes and Adverse Effects of Cancer Treatment

Srokowski et al19 analyzed data on 11,826 women with breast
cancer who received adjuvant chemotherapy to assess toxicity. In this
cohort, diabetes was associated with an increased risk of being hospi-
talized for any chemotherapy toxicity (OR, 1.38; 95% CI, 1.23 to 1.56),
for infection or fever (OR, 1.43; 95% CI, 1.2 to 1.7), for neutropenia
(OR, 1.22; 95% CI, 1.03 to 1.45), for anemia (OR,1.24; 95% CI, 1.05 to
1.47), and for any cause (OR, 1.32; 95% CI, 1.19 to 1.46).

Diabetes and Disease-Free Survival

A final outcome reported was the negative impact that diabetes
may have on disease-free survival. Du et al21 found that diabetes had
an adverse effect on disease-free survival in a cohort of African Amer-

ican and white women with stage I, II, or III breast cancer (HR, 1.81;
95% CI, 1.03 to 3.18).

DISCUSSION

Our systematic review demonstrates that, compared with their non-
diabetic counterparts, patients with breast cancer and pre-existing
diabetes suffer all-cause mortality that is approximately 50% higher.
This finding was consistent across different populations, was generally
independent of possible confounding variables, and was robust even
after accounting for possible publication bias. Although this finding
was consistent, it is important to note that these data do not necessarily
suggest a causal relationship. Therefore, it is premature to conclude that
diabetes prevention, improved glycemic control, and/or modification of
diabeticpharmacotherapywould leadto improvedprognoses.This study
does, however, support the need for further research into this area.

Although all-cause mortality was increased in patients with
breast cancer and diabetes, the association between breast cancer–
specific mortality and diabetes is not clear. We identified two studies
describing the impact of diabetes on breast cancer–specific mortality.
Fleming et al23 observed no increase in breast cancer–specific mortal-
ity in patients with diabetes, whereas Srokowski et al19 identified
increased breast cancer–specific mortality only in patients with diabe-
tes receiving chemotherapy, a finding which suggests a potential inter-
action. This issue is further confounded by the findings of Lipscombe
et al, 6 who reported similar mortality in patients with diabetes, with
and without breast cancer. Analysis of the contribution of diabetes to
breast cancer–specific mortality is difficult because of the substantial
mortality attributed to diabetes alone. Data from the National Health
and Nutrition Examination Survey24 (in a population not directly
comparable with the populations from which our data are derived)
suggest a higher relative risk of all-cause mortality for women with
diabetes versus women without diabetes (relative risk, 2.84; 95% CI,
2.08 to 3.89) compared with the data on patients with breast cancer in
our study (HR,1.49; 95% CI, 1.35 to 1.65). Nevertheless, the absolute
risk difference in mortality related to diabetes exists in both popula-
tions, and our study findings suggest that diabetes has an important
association with mortality in patients with breast cancer.

Given that it is unclear whether diabetes increases breast cancer–
specific mortality, our systematic review suggests that diabetes is asso-
ciated with adverse prognostic factors specific to breast cancer. First,
women with diabetes may present with more advanced breast can-
cer.18,19,22 Because of the concurrent treatment of the chronic diseases
associated with diabetes, patients may not undergo routine screening
for breast cancer.25 Second, women with diabetes may receive less
aggressive treatment, including chemotherapy, radiotherapy, and/or
surgery.18,19 This may be related to their underlying comorbidities
precluding treatment options or a perceived risk of toxicity from
therapy in patients with diabetes. Third, women with pre-existing
diabetes may have a greater risk of chemotherapy-related toxicity (eg,
infection, fever, and neutropenia), as observed by Srokowksi et al.19

Such risk might explain and justify less aggressive treatment.
A fourth possible pathway was beyond the scope of our review:

namely, that hyperinsulinemia related to underlying insulin resistance
might stimulate tumor growth. Insulin may work directly on epithelial
cells or indirectly by activating insulin-like growth factor pathways or
altering endogenous sex hormones.9,26-29 Goodwin et al30 recently

Peairs et al
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showed that metformin could be safely administered for a 6-month
period to women with early-stage breast cancer and higher insulin
levels, and reported a significant reduction in insulin levels, a modest
(though significant) reduction in weight, and improvement in insulin
sensitivity. Of interest, a recent case-control study by Monami et al31

showed that longer use of metformin and gliclazide was associated
with a reduced cancer risk, whereas insulin and other oral agents had
no effect, and glibenclamide was in fact associated with an increased
cancer risk. These observations must now be prospectively tested, and a
planned randomized trial in early-stage breast cancer (National Cancer
Institute of Canada Clinical Trials Group MA.32) will examine the thera-
peutic effects of metformin on breast cancer recurrence and death.11

Strengths of this study include a comprehensive, systematic re-
view of the literature by a multidisciplinary team including specialists
in cancer, diabetes, and epidemiology, with each article reviewed by
two team members, and the moderate to high quality of the studies
included in our meta-analysis of all-cause mortality, with five of the six
articles adjusting for key confounding variables.

Nonetheless, several limitations of the study deserve mention.
First, despite our attempt to manage cross-study heterogeneity with
appropriate meta-analytic techniques (eg, random-effects models),
studies varied in their ascertainment of diabetes mellitus, study popu-
lation, length of follow-up, and adjustment for confounding variables.
Second, there was evidence of publication bias; however, based on our
trim and fill analysis, we believe that this bias was minimal. Third, the
method of diabetes ascertainment varied across studies and fasting
blood glucose levels were not directly reported. These ascertain-
ment methods may underestimate the number of women with
diabetes, leading to potential misclassification bias, which is gen-
erally associated with underestimates of the effect. A fourth limita-
tion is that the reviewed articles did not report the types of diabetic
therapy used or their impact on outcomes. This is important
because studies have shown that some therapies (eg, insulin, sulfo-

nylureas) may have a negative impact on cancer outcomes, whereas
others, such as metformin, may be beneficial.32 Additional research
is needed to explore how specific diabetic therapies influence can-
cer prognosis. Finally, data regarding diabetes and the risk of
adverse treatment effects and cancer recurrence were extremely
sparse, limiting our ability to draw firm conclusions.

The main implication of our study is that diabetes mellitus is
associated with adverse outcomes in breast cancer throughout its full
course, from initial presentation, during treatment (affecting the
choice of treatment), and, ultimately, to mortality. Diabetes therefore
deserves additional attention to assess possible causal relationships
that potentially could be modified to improve outcomes.
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