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Abstract Recent epidemiological studies suggest that treat-
ment with insulin may promote cancer growth. The present
systematic review and meta-analysis of published observational
studies was conducted to assess the risk of cancer during
treatment with insulin. A search of online database through
January 2011 was performed and examined the reference lists
of pertinent articles, limited to observational studies in humans.
Pooled relative risks (RRs) and 95 % confidence intervals (ClIs)
were calculated with a random-effects model. Fifteen studies
(five case—control and ten cohort studies) were included, with
562,043 participants and 14,085 cases of cancer. Insulin treat-
ment was associated with an increased risk of overall cancer
[summary RR (95 % CI)=1.39 (1.14, 1.70)]. Summary RR
(95 % CI) for case—control studies was 1.83 (0.99, 3.38),
whereas RR for cohort studies was 1.28 (1.03, 1.59). These
results were consistent between studies conducted in the USA
and in Europe. For studies that included combined type 1 and 2
diabetes, the summary estimate was stronger than studies in-
cluding only type 2 diabetes mellitus. The association between
insulin treatment and cancer was stronger for pancreatic cancer
[summary RR (95 % CI)=4.78 (3.12, 7.32)] than for colorectal
cancer [1.50 (1.08, 2.08)]. Insulin treatment was not associated
with breast, prostate, and hepatocelluar cancer, and their effect
estimates were not statistically significant. Our findings support
an association between insulin use and increased risk of overall,
pancreatic, and colorectal cancer.

Introduction

Diabetes mellitus (DM) and cancer are major causes of
morbidity and premature mortality worldwide. A substantial
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proportion of patients with diabetes will ultimately be pre-
scribed insulin, and the reports that insulin therapy may be
associated with cancer are of significant concern [1, 2].
Although several observational studies have investigated
the association between insulin-treated DM and risk of
cancer, the role of insulin as a risk factor for cancer remains
unknown. There are conflicting reports about risk of cancer
in insulin-treated patients [1, 3—17]; in some studies, risk of
cancer was reduced [10]; in other studies, it was increased
[1,3-6,8,9, 11, 14, 16] or unchanged [7, 12, 13, 15] or an
association was observed only in men or women [18-20].
The interpretation of these findings, however, has been
hampered by the low frequency of occurrence of both con-
ditions in the same individual, which results in the lack of
statistical power to adequately analyze this association in
many studies. Whether insulin treatment increases risk of
cancer is an important question because almost all patients
with DM will eventually require insulin treatment [21].

We report here on a systematic review and meta-analysis
of case—control and cohort studies to summarize the epide-
miologic evidence on the risk of cancer associated with
insulin-treated DM and to identify possible sources of het-
erogeneity between studies. We also aimed to evaluate
whether the association varied by study design, type of
DM, and site of cancer.

Methods

The systematic review was undertaken following MOOSE
guidelines for reviews of observational studies [22].

Search Strategy A search of the online databases (PUBMED,
ISI, and EMBASE) through January 2011 was performed
using key words “cancer,” “carcinoma” or “malignancy”
combined with “diabetes mellitus,” “diabetes,” “glucose,” or
“insulin therapy”, limited to observational studies in humans.
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We also reviewed reference lists of the identified publications
for additional pertinent studies. No language restrictions were
imposed. Titles and available abstracts were scanned for rel-
evance, identifying papers requiring further consideration.

Eligibility Criteria To be included in the meta-analysis, a
published study had to meet the following criteria: (1)
original article, (2) cohort or case—control study, (3) adult
human population, and (4) insulin or one of insulin products
as the main independent variable. The 15 epidemiological
studies [1, 3, 6, 7, 9-11, 13—17, 23-25] included in this
meta-analysis were five case—control and ten cohort studies
on the association between insulin treatment and the inci-
dence and mortality of all cancers, breast, colorectal, hepa-
tocellular, or pancreatic cancer. Studies that did not provide
data that allowed calculation of standard errors for effect
estimates and if the estimates were not adjusted for age and
gender were excluded. When there were multiple publica-
tions from the same population or cohort, only data from the
most recent report were included. We excluded one study
[4] because of overlapping publications and two studies [8,
26] that reported only crude data that were not adjusted for
age and gender and one study that reported insulin therapy
and colorectal adenoma [5].

Data Extraction The following characteristics of included
studied were recorded: publication reference (the first
author’s last name, year of publication, and country of
population studied), study design, number of exposed and
unexposed subjects, control source (in case—control studies),
follow-up period (for cohort studies), age, gender, type of
DM (type 2 or combined type 1 and type 2), type of cancer
investigated (total, breast, pancreas, hepatocellular, and co-
lorectal), risk estimates with their corresponding confidence
intervals, and variables controlled for by matching or in the
multivariable model. For each study, we extracted the risk
estimates that reflected the greatest degree of control for
potential confounders. From each study, the information
on study design, participant characteristics, site of cancers,
adjustment for potential confounders, and estimates of asso-
ciations was independently extracted by two investigators
(MJ and MD), and in case of divergent evaluation, discrep-
ancies were resolved by discussion.

Statistical Analysis Three measures of association were
used for the meta-analysis: odds ratio (case—control studies),
incidence rate ratio (cohort studies), and standardized inci-
dence or mortality ratio (cohort studies with an external
comparison group). For simplicity, we refer to relative risk
(RR) for all three types of measures of association. Because
the frequency at which cancers occur is relatively low, the
odds ratio in case—control studies and rate ratios in cohort
studies yield similar estimates of RR [27].

@ Springer

We used the logarithm of the RR with its standard error for
the meta-analysis. Summary RR estimates with their
corresponding 95 % CIs were derived by the method of
DerSimonian and Laird [28] using both fixed and random
effects models. Eventually, the summary RR estimate from
random effects models were used, which incorporates
between-study variability, because the test for heterogeneity
were statistically significant in all analysis. Statistical hetero-
geneity between studies was evaluated with Cochran’s QO test
and quantified by F* statistic [29]. To assess sources of hetero-
geneity, we conducted a meta-regression and subgroup anal-
yses. Publication bias was assessed by visual inspection of
funnel plot [30]. In these funnel plots, the RRs were displayed
against the inverse of the square of the standard error (a
measure of the precision of the studies). Formal statistical
assessment of funnel plot asymmetry was done with Egger’s
regression asymmetry test and adjusted rank correlation test
[31]. In addition, Begg’s adjusted rank correlation test and the
trim-and-fill method were used [31, 32]. Sensitivity analysis
was used to explore the extent to which inferences might
depend on a particular study or group of studies. Statistical
analyses were carried out with Stata, version 10.0 (Stata Corp,
College Station, TX, USA). P<0.05 were considered statisti-
cally significant. All statistical tests were two-sided.

Results

Study Characteristics Fifteen independent studies met the
predefined inclusion criteria. Of these 15 studies, five were
case—control studies [3, 7, 9, 23, 24] (Table 1), seven were
cohort studies that used incidence rate ratios or hazard ratio
as the measure of RR [1, 6, 10, 13—15, 25], and three were
cohort study that used standardized mortality ratio as the
measure of RR [11, 16, 17] (Table 2). Five studies were
conducted in the USA or Canada [3, 9, 11, 15, 24], nine in
Europe [1, 6,7, 13, 14, 16, 17, 23, 25], and one in Asia [10].
Eight studies included type 2 DM and seven studies includ-
ed combined type 1 and 2 DM. All cancers combined was
an outcome in eight [1, 10, 11, 13, 14, 16, 17, 25], breast
cancer in three [13, 14, 25], colorectal cancer in five [6,
13—15, 24], hepatocellular cancer [3, 23] and pancreatic
cancer [9, 14] in two, and prostate cancer in three [13, 14,
25]. In the meta-analysis of insulin treatment and cancer, we
included five case—control studies [3, 7, 9, 23, 24] and the
ten cohort studies [1, 6, 10, 11, 13—16, 25]. These 15 studies
comprised 562,043 participants and 14,085 cases of cancer.

All Cancer Individual study results and the overall summary
results for the 15 case—control and cohort studies of insulin
treatment and cancer risk are shown in Fig. 1. Eight of these 15
studies found a statistically significant positive association
between insulin treatment and cancer. One of the cohort studies
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Fig. 1 Association between
insulin use and cancer risk. RR
relative risk, CI confidence
interval. Square study-specific
RR estimate (size of the square
reflects the study specific sta-
tistical weight, i.e., the inverse
of variance); horizontal line

95 % CI, diamond summary RR
estimate and its corresponding
95 % CI. All statistical tests
were two-sided. Statistical het-
erogeneity between studies was
assessed with 7 test

Source

Yang et al., 2004 [6]) X
Bowker et al., 2006 [11] i—.—
]

Monami et al., 2008 [17] —
Colhoun et al.; 2009 [13] — -
Currie et al., 2009 [14] ]

Hemkens et al., 2009 [1] .

Jonasson et al., 2009 [25]
Li et al., 2009 [6]
Monami et al., 2009 [7]

Vinikoor et al., 2009 [24] -—i—I—
Campbell et al., 2010 [15] -

Donadon et al., 2010 [23] ——‘-i—
Hassan et al., 2010[(3] o B aa—

Yang etal., 2010 [10] ——@——o
Baur et al., 2010 [16]

RR (95% CI)

2.10(1.20, 3.40)
1.90 (1.50, 2.40)
2.11 (1.01, 4.50)
1.73 (0.98, 3.05)
1.42 (1.27, 1.60)
1.19 (1.09, 1.29)
1.06 (0.90, 1.25)

[l
|
(]
1
!
! —8——  499(2.59,9.61)
r 1.01 (0.64, 1.59)

1.74 (0.92, 3.31)
1.02 (0.79, 1.30)
1.24 (0.45, 3.36)
1.90 (0.80, 4.60)
0.17 (0.09, 0.32)
3.87(1.53,9.81)

Combined effect

Test for heterogeneity I* = 85.3%, p< 0.001
T

<O 139 (1.14, 1.70)

[10] reported a significant inverse association between insulin
and cancer [RR (95 % CI) 0.17 (0.09, 0.32)]. Insulin treatment
was associated with an increased risk of overall cancer [sum-
mary RR (95 % CI)=1.39 (1.14, 1.70)]. Heterogeneity among
studies was found (#=85.3 %; Preterogeneity <0.001). In a sen-
sitivity analysis, we found a statistically significant positive
association between DM and cancer (range of summary RRs,
1.29-1.50). The studies by Yang et al. [10], Hemkens et al. [11],
Jonasson et al. [25], Campbell et al. [15], and Li et al. [9]
contributed most to heterogeneity. In an analysis excluding
these studies, the association between diabetes and cancer
was somewhat stronger [summary RR (95 % CI)=1.65 (1.38,
1.98)], and the test for heterogeneity was not statistically sig-
nificant (#=39.1 %; Pheterogencity=0-10).

Individual study results and the overall summary results
for the five case—control and ten cohort studies of insulin
treatment and cancer are shown in Fig. 2. Six of ten cohort
studies found a statistically significant positive association
between insulin treatment and cancer (range of individual
RRs, 1.19-3.87); the summary RR (95 % CI) for all ten
cohort studies combined was 1.28 (1.03, 1.59). Heterogene-
ity among studies was significant (12:88.1; Pheterogeneity
<0.001). In a sensitivity analysis excluding one study at a
time, we consistently found a statistically significant posi-
tive association between insulin use and cancer (range of
summary RRs, 1.68—1.97). The cohort study by Yang et al.
[10], Hemkens et al. [11], Jonasson et al. [25], and Campbell
et al. [15] contributed most to heterogeneity. In an analysis
excluding these studies, the association between insulin and
cancer became stronger [summary RR (95 % CI)=1.80
(1.43, 2.26)], and the test for heterogeneity was not statisti-
cally significant (P=54.2 %; Pheterogencity=0-053).

@ Springer
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One of five case—control studies found a statistically
significant positive association between insulin treatment
and cancer incidence (RR 4.99); the summary RR (95 %
CI) for all five case—control studies combined was 1.83
(0.99, 3.38). Heterogeneity among studies was significant
(12=74.7; Pheterogencity <0.01). The case—control study by Li
et al. [9] contributed most to heterogeneity. In an analysis
excluding this study, the association between insulin and
cancer became weaker [summary RR (95 % CI)=1.29 (0.94,
1.79)], and the test for heterogeneity was not statistically
significant (P=0.0 %; Pheterogeneity=0-44).

Subgroup meta-analyses by study design, geographical
area, type of DM, and duration of follow-up also conducted
(Table 3). All included studies considered both gender, and
only one study provided gender-specific RR [15]. With
regard to the geographical area, insulin use seemed to be a
better predictor of the risk of cancer in North American
populations (summary RR=1.90) than in European popula-
tions (RR=1.34). The RR for one study conducted in Asian
population was negative (RR=0.17). The summary estimate
from the case—control studies was higher than in cohort
studies (1.83 vs. 1.28). For type of DM, the summary
estimate was stronger [summary RR (95 % CI)=1.44
(1.12, 1.85)] for combined type 1 and 2 DM than for only
type 2 DM [summary RR (95 % CI)=1.30 (0.89, 1.90)],
there was heterogeneity among type of DM (Ppeterogeneity <
0.01). None of the included studies provided RR for type 1
diabetes alone due to the small number of patients with type
1 diabetes. Finally, the summary estimate was stronger
[summary RR (95 % CI)=1.82 (1.20, 2.76)] for the five
cohorts with >4 years of follow-up than for the five cohorts
with follow-up duration <4 years [1.02 (0.77, 1.35)]; there
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Fig. 2 Association between
insulin use and cancer risk in
cohort and case—control studies.
RR relative risk, CI confidence
interval. Square study-specific
RR estimate (size of the square
reflects the study specific sta-
tistical weight, i.e., the inverse
of variance); horizontal line

95 % CI; diamond summary RR
estimate and its corresponding
95 % CIL. All statistical tests
were two-sided. Statistical het-
erogeneity between studies was
assessed with 72 test

was heterogeneity among studies with <4 years and >4 years

of follow-up (Pheterogeneity <0-006).

The most important known confounders for the positive
association between insulin use and cancer risk are age,

Source RR (95% CI)
Cohort i
Yang et al., 2004 [6] —:—I— 2.10 (1.20, 3.40)
Bowker et al., 2006 [11] - 1.90 (1.50, 2.40)
Monami et al., 2008 [17] ——— 2.11 (1.01, 4.50)
Colhoun et al., 2009 [13] — 1.73 (0.98, 3.05)
Currie et al., 2009 [14] . 1.42 (1.27, 1.60)
Hemkens et al., 2009 [1] m 1.19 (1.09, 1.29)
Jonasson et al., 2009 [25] _1: 1.06 (0.90, 1.25)
Campbell et al., 2010 [15] : 1.02 (0.79, 1.30)
Yang et al., 2010 [10] ——&—— | 0.17 (0.09, 0.32)
Baur et al., 2010 [16] : 3.87 (1.53,9.81)
Combined effect <> 1.28 (1.03, 1.59)
Test for heterogeneity P =88.1%, p<0.001) !
Case-control i
Lietal., 2009 [9] ! —.— 4.99 (2.59, 9.61)
Monami et al., 2009 [7] —.—:— 1.01 (0.64, 1.59)
Vinikoor et al., 2009 [24] —— 1.74 (0.92, 3.31)
Donadon et al., 2010 [23] —i— 1.24 (0.45, 3.36)
Hassan et al., 2010 [3] —_:.— 1.90 (0.80, 4.60)
Combined effect <:> 1.83 (0.99, 3.38)
Test for heterogeneity P=74.7%, p< 0.01) !

I

I

:

T T
0.09 1 2 5

gender, and body mass index (BMI). When we restricted the

meta-analysis to studies that controlled for these variables [7,

9, 13, 16, 17, 23, 25], the association between insulin and
cancer remained [summary RR (95 % CI)=1.81 (1.15, 2.86)].

Table 3 Summary relative risk (RR) estimates [95 % confidence intervals (Cls)] for case—control and cohort studies of the association between

insulin treatment and cancer incidence and mortality by study design, geographical area, and duration of follow-up

Subgroup Number of studies Summary RR (95 % CI) Between studies Between subgroups

12 Pheterogeneity Pheterogeneity
Study design
Case—control 5 1.83 (0.99, 3.38) 74.7 % 0.003 3.80 0.051%
Cohort studies 10 1.28 (1.03, 1.59) 88.1 % 0.001
Geographical area
USA 5 1.90 (1.17, 3.09) 84.9 % 0.001 45.20 0.001°
Europe 9 1.34 (1.14, 1.57) 65.7 % 0.003
Asia 0.17 (0.09, 0.32) - -
Type of DM
Type 2 8 1.30 (0.89, 1.90) 89.0 % 0.001 6.64 0.010°
Type 1 and 2 7 1.44 (1.12, 1.85) 759 % 0.001
Follow-up duration
<4 years 5 1.02 (0.77, 1.35) 91.7 % 0.001 7.47 0.006¢
>4 years 5 1.82 (1.20, 2.76) 79.5 % 0.001

All statistical tests were two-sided

 Test for heterogeneity between case—control and cohort studies

® Test for heterogeneity between USA and combined Europe and Asia

¢ Test for heterogeneity between combined type 1 and 2 and type 2 diabetes

9 Test for heterogeneity between follow-up duration <4 and >4 years
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Other Cancer Sites Of one case—control and four cohort
studies of insulin use and colorectal cancers [6, 1315,
24], two [6, 14] reported a statistically significant positive
association, and three [13, 15, 24] reported no association
(Tables 1 and 2). When all five studies were analyzed, a
statistically significant association between insulin use and
colorectal cancer was found [summary RR (95 % CI)=1.50
(1.08, 2.08)]. There was statistically significant heterogene-
ity among studies (*=61.0 %; Pheierogencity<0-05). There
was no significant association between insulin use and
breast cancer [summary RR (95 % CI)=1.65 (0.92, 2.98)],
prostate cancer [1.17 (0.92, 1.49)], or hepatocellular carci-
noma [1.58 (0.82, 3.06)]. The association between insulin
use and pancreatic cancer [4.78 (3.12, 7.32)] was statistical-
ly significant but was based on only two studies [9, 14].

Publication Bias There was no evidence of publication bias
for the association between insulin use and cancer risk (data
not shown; P=0.46, for Begg’s adjusted rank correlation test
and P=0.38 for Egger’s regression asymmetry test). No
missing study was identified by the trim-and-fill method.

Discussion

Findings from this meta-analysis indicate that insulin use
was associated with significantly higher risk of overall can-
cer. Based on the pooled estimate of risk from cohort stud-
ies, insulin-treated DM patients had 28 % greater probability
of cancer compared with nonusers. The association with
pancreatic cancer was stronger than colorectal. The obser-
vation that insulin-treated DMs were more likely to develop
pancreatic cancer is based on a few epidemiologic studies
[9, 14]. Because pancreatic cancer is a rapidly fatal but a
relatively uncommon cancer, epidemiologic research on this
disease is challenging. The geographic origin of the study
population appeared to be an important source of heteroge-
neity, with the impact of insulin use being positively signif-
icant in European and North American studies but
negatively associated in Asian populations. The results were
stronger for case—control studies. The association was ob-
served in combine type 1 and 2 DM but not in type 2 DM.

Our analysis must be interpreted in the context of the
limitations of the available data. Seven of the studies (47 %)
did not distinguish between type 1 and 2 DM [1, 3, 7, 9, 13,
24, 25]. Because type 1 DM (which accounts for 5-10 % of
all diagnosed cases of DM [33]) may be related more
strongly to cancer [34], the magnitude of the association
between insulin use and cancer risk may have been slightly
overestimated if some diagnoses of type 2 DM were truly
type 1 DM. As in any meta-analysis, the possibility of
publication bias is of concern. However, the results obtained
from funnel plot analysis and formal statistical tests did not
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provide evidence for such bias. Three studies [11, 16, 17]
examined only cancer mortality and not cancer incidence;
differences in patient characteristics could intervene as con-
founding factors in the relationship between cancer and
insulin treatment. Furthermore, some studies do not indicate
whether their results come from a protective effect of met-
formin or deleterious effects of sulfonylurea. All of the
studies reported are observational, making it difficult to
conclude in terms of causality. It should be supposed that
the described association of insulin with cancer could have
been determined by some unexplored prescription bias.
Diabetic patients receiving a prescription of insulin are
likely to have a more “severe” form of type 2 diabetes, a
greater duration of diabetes, or comorbidities contraindicat-
ing treatment with oral agents. Actually, the issue of an
effect of hypoglycemic treatments on the risk of cancer
has been raised by observational studies, which can be
biased by uncontrolled confounders. Thus, in observational
studies, insulin-treated groups may differ at baseline, and
adjustments (or matching in case—control studies) for known
confounders can only reduce, not eliminate, biases, and
unknown confounders cannot be adjusted for. Insulin-
treated patients are likely to be sicker and have more com-
plications from their diabetes. Hence, their cancer may have
progressed more and/or they may be less able to tolerate
cancer-related complications or anticancer treatment. Nev-
ertheless, it seems that a negative effect of insulin on cancer
risk is highly consistent with the pathophysiological mech-
anisms to explain the increase risk of cancer in diabetic
patients. No confirmatory studies using a long-term random-
ized, controlled design can be performed to validate or to
refute the hypothesis of a causal association between insulin
and cancer risk, for obvious ethical and practical reasons.
All trials of cancer incidence or mortality are comparing one
insulin regimen versus another type of diabetes therapy or
insulin regimen, and the results are inconsistent. Most of the
reported evidence comes from cohort or case—control obser-
vational studies. The case—control studies do not incorporate
the time sequence criteria for causality. Most studies do not
provide data on insulin dose or type; thus, we were not able
to test the hypothesis that higher doses of insulin are asso-
ciated with higher cancer rates or whether the slope of such
relationship varies by insulin regimen. A major limitation
for any of the cohort studies is surveillance bias: Individuals
with diabetes are more likely to be seen by medical person-
nel on a more frequent basis compared with otherwise
healthy individuals and therefore the chance of their cancer
being detected sooner is greater. This could result in an
overestimation of the effect. Another limitation of cohort
studies was short follow-up for evaluating cancer effects.
Insulin use appeared to be a better predictor of cancer risk
in North American populations than in European popula-
tions. We do not have an explanation for this association,
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but it may reflect increased metabolic syndrome in North
American populations, discrepancies in patient character-
istics, or due to higher prevalence of insulin use in type 2
diabetes in North American populations.

In contrasts with other studies included, Yang et al. [10], by
analyzing data in two unmatched subcohorts with different
follow-up patterns from the Hong Kong Diabetes Registry,
claims an inverse relation between insulin therapy and cancer.
This study presents serious methodological problems regard-
ing patient matching as well as follow-up. From the original
cohort of 4,623 diabetic patients, including 169 patients who
developed cancer among insulin nonusers, a smaller new
insulin user cohort, with 1:2 matched control subjects, was
selected on the basis of the likelihood of initiating insulin
therapy. When these new-user subcohorts were considered, a
cancer-enriched population was selected from insulin non-
users but not from insulin users. After this selection, the two
“matched” groups were significantly different for nearly all
the variables considered, including the clinical, biochemical,
BMI, and treatment parameters. This may indicate that the
propensity score procedures had not allowed adequate case/
control matching. The difference in clinical, biochemical,
BMI, and treatment as well as follow-up may explain the very
controversial findings by Yang et al. [10].

Several mechanisms for the effect of insulin on cancer
risk are proposed. It is believe that insulin resistance and
consequence hyperinsulinemia, which are typical features in
the majority of patients with diabetes [35], plays a major
role in the association between diabetes and cancer. In
diabetic patients, insulin plasma levels are chronically in-
creased by therapies based on both exogenous insulin and
insulin secretogogues. Numerous lines of evidence from
animal and preclinical models indicate that insulin and in-
sulin receptor play an important role in both cancer initiation
and progression [36, 37]. Protracted exposure to hyperinsu-
linemia increases the level of insulin-like growth factor-1,
which plays a pivotal role in carcinogenesis [36, 37]. In
addition, the predictive value of hyperinsulinemia on the
total cancer mortality [38] and fatal liver tumor incidence
[39] has been demonstrated in nondiabetic subjects.

Cancers and DM is an important medical, social, and
economic concern to the society, and the prevalence of
DM is increasing in developed and in many developing
countries. The worldwide DM epidemic will continue to
escalate as a result of the increasing proportion of older
people and growing obesity epidemic, and thus, it will
further contribute to the public health burden of cancer.
The observational studies provide the advantages of the
possibility of collecting large samples with a long duration
of follow-up; however, in observational studies, multiple
adjustments for confounders can never fully eliminate the
prescription bias. The number of events included in the
present meta-analysis does not allow a reliable analysis on

specific types of cancer. Taking into account that the path-
ogenesis of different forms of cancer is very diverse, the
insulin could have divergent effects on different malignan-
cies. To clarify the risk profile for individual forms of cancer
in insulin-treated patients, a very large database is needed.

In conclusion, there may be a link between insulin use
and cancer and that the association probably is not just due
to confounding factors, despite the fact that these studies are
observational. Regarding the current DM epidemic, these
results reinforced the claim in favor of greater public aware-
ness about healthy lifestyle to prevent these two major
increasing public health problems.
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