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Abstract: Metformin, an oral anti-diabetic drug, is being considered increasingly for treatment and prevention of cancer,
obesity as well as for the extension of healthy lifespan. Gradually accumulating discrepancies about its effect on cancer and
obesity can be explained by the shortage of randomized clinical trials, differences between control groups (reference
points), gender- and age-associated effects and pharmacogenetic factors. Studies of the potential antiaging effects of
antidiabetic biguanides, such as metformin, are still experimental for obvious reasons and their results are currently
ambiguous. Here we discuss whether the discrepancies in different studies are merely methodological or inherently related

to individual differences in responsiveness to the drug.

The epidemics of obesity and diabetes, which has been
the matter of major concern for endocrinologists over
the last two decades, has lead to an apparently
unexpected, yet actually long foretold [1-3] result: the
concern spread not only to cardiologists but, also, to
oncologists and specialists engaged in tackling of more
general problems, including aging and age-related
pathology [4-7]. The wave of interest, with periodical
decays and increasing surges, was associated with the
attempts to use antidiabetic biguanides to control body
weight and tumor growth [8-13]. Another facet of the
situation is that almost 45 years ago these drugs were
suggested to promote longevity [14]. Over the last
years, the expanding bodies of relevant evidence,
which mainly related to metformin, started to merge
and occupy increasing place in current literature. The
objective of the present essay is to attract more
attention to accumulating inconsistencies. The first
two sections of the essay, which are related to obesity
and cancer, are based mostly on clinical data. The
third section, which is related to aging or, rather,
antiaging, is based predominately on experimental
evidence obtained in rodents. Clearly, obesity and
cancer have numerous interrelationships with aging
(see details in [3, 15, 16]); however, we will separate
these aspects for the sake of clarity in discussing the
relevant effects of metformin.

Metformin and obesity

Weight-reducing effects of biguanides may explain in
part their antitumor activity [13, 17]. Obesity is
associated with increased mortality and, hence,
decreased lifespan [2, 4]. Therefore, first of all, we will
discuss whether biguanides reduce weight and affect
body composition (fat vs. lean mass and visceral vs.
subcutaneous fat). Two meta-analyses published in
2005 and 2011 summarized the use of metformin to
treat adults having excessive body mass (fat) and
showed that, among more than fifty potentially relevant
studies, only less than ten satisfied all criteria. Only two
or three of the latter confirmed that metformin had
moderate weight-reducing effects, which, however,
were inferior to the effects of behavioral interventions
and gastrointestinal fat absorption inhibitor orlistat [18,
19]. Nevertheless, more scrutiny in treating the data
accumulated so far, a part of which reproduces earlier
results, suggests that it is reasonable to dissect the
evidence into several subsections.

Obesity in type 2 diabetes mellitus

For obese diabetics and people at risk of diabetes,
metformin remains a treatment able to moderately
reduce body weight (by 5% on average). This is
believed to be an additional benefit in treating diabetes
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and is suggested to be caused by reducing of insulin
resistance and hyperinsulinemia rather than by anorexic
or other effects [20, 21].

Polycystic ovary syndrome (PCOS) in women with
excess body weight

Only in a part of the studies in PCOS patients with
obesity, metformin treatment without behavioral
interventions decreased body mass index (BMI). It is
not clear whether this can be explained by metformin
underdosage [22], although a recent meta-analysis
indicates that both drug dose and duration of treatment
are highly relevant [23].

Age, genetic factors and oxidative stress

According to a recent randomised study [24], confirmed
by other publications [25], children and adolescents
may be more responsive to metformin-induced weight
reduction compared to adults. This is reflected by body
weight dynamics and by changes in the waist/hip ratio
and fat deposits. Metformin has been shown to
upregulate the expression of the organic cation
transporter OCT1 in adipose tissue. Therefore, OCT]1
may be a potential marker of metformin accumulation
in the tissue [26]. On the other hand, bearing of one of
the polymorphisms of the neuron growth regulator
NEGRI1 predicts the magnitude of the weight-reducing
effect of metformin and, ironically, the propensity to
restore body weight after the discontinuation of
treatment with metformin [27]. The significance of
oxidative stress also is difficult to characterize. This
process is clearly increased in the adipose tissue in
obese patients [28], and although metformin is known
to have an antioxidant activity, especially in diabetes
[29], this drug can enhance free radical generation in
differentiating adipocytes [30].

Metformin and the heterogeneity of obesity

Possible associations between differences in metabolic
phenotypes could account for differences in metformin
action. The list of conditions is long and includes
among others such varieties as ‘standard’ obesity,
metabolically healthy obese state (MHO), sarcopenic
obesity, and metabolically obese normal weight state
(MONW) (see [31]). The incidences of major non-
infectious age-dependent diseases, the ways of treating
them, and treatment outcomes, especially at advanced
ages, are important as well known from both, basic
science and, especially, applied science standpoints.
With regard to treatment, it should be noted that,
although there are still many proponents of the idea that
obesity should be treated irrespective of its type, it is
also suggested that such a straightforward approach
may be inadequate, in particular, when applied to MHO
[32]. There is still no evidence about metformin use

with regards to the some aforementioned subtypes of
obesity, in contrast to numerous studies of its use in the
visceral/abdominal obesity (e.g., see [33] and many
others). The sarcopenic obesity, i.e. body fat gain
associated with skeletal muscle loss, appears in cancer
patients to lead to poorer outcomes of endocrine therapy
and chemotherapy, treatments that tend to increase body
fat by themselves.

Metformin and body weight in cancer patients

This issue is addressed implicitly in many studies of
polycystic ovary syndrome (see above), which is
believed to be a risk factor of several hormone-
dependent malignancies, first of all, endometrial cancer.
Several relevant observations relate to prostate cancer
patients exposed to androgen deprivation, which is
associated often with insulin resistance and other
manifestations of the metabolic syndrome, including
body weight gain. In one study of such patients,
metformin treatment during 6 months was associated
with decreased BMI and waist circumference [34]. The
important question of the influence of body weight and
body fat on the ability of metformin to affect cancer
incidence in diabetic patients (see the next section) is
unanswered as of yet, although BMI as potential risk
modulator was taken in consideration in some of such
studies, e.g. [35].

Cancer incidence in diabetic patients treated with
metformin

As noted earlier [36] based on evidence accumulated by
mid-2010ies, the emerging picture is rather vague. In
particular, metformin effects are rather variable with
regard to specific cancer locations, except for two
notable cancers where the incidence decreased with
metformin (colon cancer and hepatoblastoma). These
data suggest that the possible anticancer effects of
metformin are tissue-specific. It was reasoned by some
authors that it is not that metformin is ‘thus good’, but
the reference therapies, including sulfonylureas and
insulin, may be ‘thus bad’ [35, 36]. Also, no data were
available to judge whether glucose intolerance
reduction/compensation by biguanides is important for
the total and site-specific cancer incidence shifts.

Much of relevant evidence was gained over the last two
years. The main findings may be categorized according
to the following subtitles:

Cancer location. Reduced colon cancer incidence in
diabetic patients treated with metformin was confirmed
by meta-analysis of 5 observational studies where total
odds ratio (OR) for treated vs. untreated subjects was
0.68 [37]; however, this conclusion was questioned later
[38]. Some controversy remains in regards to prostate

www.impactaging.com

321

AGING, May 2012, Vol.4 No.5



cancer because in a case-control study of diabetics
treated with metformin the OR for prostate cancer was
found to increase to 1.23 [39]. In a study based on data
obtained from Danish Cancer Register, the OR for
breast cancer incidence was found to decrease to 0.77
upon the use of metformin in patients with type 2
diabetes [40]. Despite this positive result, the situation
with breast cancer is somewhat debatable, in particular,
because several known molecular-biological subtypes
of this tumor are significantly different in their risk
factors and responses to therapy. Accordingly, some
studies found no association between metformin therapy
and breast cancer incidence in diabetic women [41, 42].
In a recent study performed in Taiwan, metformin
intake by diabetics was found to be associated with
reduced risks of colorectal carcinomas (the effect was
more expressed in women) and liver cancer (only in
men) but not of oesophagus, stomach and pancreas
cancer [43].

Study design. The aforementioned study from Taiwan
[43] may be referred to as prospective, since study
subjects, which were recruited in 2000, where followed
for 7 to 8 years. Unfortunately, prospective studies
related to the ‘metformin-diabetes-cancer risk problem’
are rare and are not designed specifically to tackle this
problem. Available publications are largely based on
observational or retrospective case-control studies or,
rarely, cohort follow-up [35]. To the best of our
knowledge, there is only one meta-analysis of
randomized controlled trials (RCTs) that was reported
at the Annual American Diabetes Association
Conference in June 2011 [44] and cited in the editorial
article [45]. The analysis was based on 4 published
trials and 3 datasets obtained directly from Principal
Investigators. Inclusion criteria for the trials stipulated
that there must be > 500 diabetes mellitus patients
followed for > 1 year. Output parameters were cancer
incidence and all-cause mortality. The OR for cancer
risks upon metformin intake vs. other therapies varied
from 1.03 to 1.47 arguing against the ability of
metformin to reduce cancer incidence in diabetic
patients [44]. It cannot be excluded, however, that the
above meta-analysis included the data of an
independently published study [46] based on ADOPT
and RECORD RCTs that did not show differences
between metformin and roziglitazone with regard to
their effects on cancer risk, but did demonstrate and
confirm that metformin affords some benefit compared
with sulfonylurea. To tell the truth, both these trials
mentioned in the paper of P.D. Home et al. [46] were
not designed specifically to address cancer incidence (as
well as many previous observational studies that
suggested a reduction of cancer risk by metformin
therapy).

Reference points. The importance of ‘reference therapy’
or its absence (placebo) for judging the effects of
metformin follows from the preceding paragraph and
was mentioned above. Studies where data on
metformin-treated diabetes were compared with
untreated diabetes are few for obvious ethical and
morbidity reasons. One such study 1is the
aforementioned Taiwanese study [43] where total
cancer incidence per 10 000 personxyears were reported
for “no diabetes” (46.0), “diabetes treated with
metformin” (44.8), “diabetes treated with other
antidiabetic therapies without metformin” (91.7), and
“diabetes without any treatment” (97.6). The last two
figures are very close suggesting that differences
between metformin and other drugs may be associated
with the adverse effects of the latter. Such proposals, in
particular related to sulfonylurea derivatives, have been
put forward several times before and are exemplified by
the recent quotation: “However, whether this should
indeed be seen as a decreased risk of cancer for the use
of metformin compared with the use of sulfonylurea
derivatives or as an increased risk of cancer for the use
of sulfonylurea derivatives compared with the use of
metformin remains to be elucidated” [47].

It should be noted that when cancer-related mortality,
rather than cancer risk, is assessed in diabetics (once
again, at ages mainly above 50), the belief that their
survival is better in metformin-treated groups is not
always confirmed for prostate and breast cancer [48,
49], although one study does suggest better survival for
these cancers as well [50]. Metformin was found to be
relatively more beneficial with regard to colon and
ovarian cancer survival in diabetics [51, 52]. However,
in these studies, metformin was compared with other
antidiabetic drugs, whose less favorable effects cannot
be ruled out.

Effectiveness of biguanides in cancer patients without
diabetes

Past- vs. present-time evidence. The currently discussed
prospects for using antidiabetic biguanides as potential
antitumor drugs in cancer patients without diabetes [13,
53] attracted a great deal of attention in the past. In
particular, it was shown in studies initiated by Prof.
V.M. Dilman more than 40 years ago that the inclusion
of phenformin as a long-term adjuvant modality into
programs of metabolic rehabilitation of postoperative
colorectal and breast cancer patients was associated
with increased total and relapse-free survival [10, 54,
55]. In recent study, metformin was administered at a
dose of 500 to 1000 mg daily for 2 to 4 weeks before
surgery (that is, in a neoadjuvant manner) to breast
cancer patients. Most of the patients, whose mean age
was 59.9 years, were postmenopausal. This treatment
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was associated with decreases in the mean mitotic index
and signaling pathway activity in tumor tissues,
although blood insulin was not changed [56]. In another
publication, which is cited highly now, it was reported
that the daily low doses (250 mg) of metformin used in
patients without diabetic manifestations decreased the
number of aberrant crypt foci in the rectum and cell
proliferation rate in colon epithelium as early as one
month after the onset of the treatment [57]. At the same
time, according to our data, in a metabolically similar
group of postmenopausal endometrial cancer patients
treated with metformin (1.5 g/day) in a neoadjuvant
mode for 5.3+0.7 weeks, endometrial thickness
(sonographic M-signal) did not decrease, a finding that
is in contrast to the decreases observed earlier with
aromatase inhibitors, while the expression of the cell
proliferation marker Ki-67 decreased in only one third
of the patients [58].

Clinical trials. Randomized clinical trials are now
underway in several countries, mostly under auspices of
the National Cancer Institute
(http://www.clinicaltrials.gov/), to clarify the issue of
metformin usability in nondiabetic patients. However,
one of the initiators of these trials, Prof. Pamela
Goodwin (University of Toronto, Canada), who, in
particular, is directing a large multicenter, 5 year study
of adjuvant metformin in nondiabetic breast cancer
patients, is rather sober in her recent comment
published in Science [59]: “We anticipate that it will
take another 2 years to enroll everyone and maybe 2 to
3 years after that before we have results. All the
preclinical and epidemiological evidence is pretty
consistent and compelling, but all it's done is help us
form a hypothesis... Until then, the best we can say is
that metformin may be beneficial for cancer. We need to
proceed from here very, very carefully.”

Resistance and responsiveness to metformin, and its
tolerability and pharmacogenetics. The aspects listed in

the subtitle are relevant directly to metformin use in
obesity clinics (as was mentioned already above with
regard to resistance), oncology [36, 60] and,
undoubtedly, aging research (see [7] and below) and
therefore need further scrutiny. Unresponsiveness to
metformin, which was displayed by a number of normal
and transformed cell lines, is probably caused by
specific features of mitochondrial function as they relate
to apoptosis [61]. In the field of pharmacogenetics, the
relatively long known polymorphism of the organic
cation transporter OCT1 [62] has been added to the ever
increasing number of other markers associated with
differences in the metabolism of biguanides and,
thereby, in their effects [63, 64]. It is well known that,
mainly because of gastrointestinal  discomfort,

metformin treatment is cancelled or interrupted in every
fifth to sixth diabetic patient, and the rate of such
adverse effects is increased in elderly subjects [65].
Such effects also are observed in nondiabetic cancer
patients treated with metformin [56]. According to the
latest Cochrane Collaboration estimates, the risk of
lactic acidosis resulting from metformin intake (4-5
cases per 100000 subjectsxyears) is lower than
previously thought [66]. In this regard, metformin is 7-
10 times better than phenformin. Moreover, there is no
evidence that antidiabetic biguanides can induce lactic
acidosis in nondiabetics, even at older or advanced ages
[13, 56]; therefore, the gastrointestinal side effects,
especially in the elderly, seem to be the primary concern
associated with metformin usage.

Metformin in the antiaging research agenda

Potential antiaging drugs are expected to prevent or
eliminate age-related diseases [7]. Evidence that
metformin is more beneficial that other antidiabetic
drugs in reducing all-cause mortality and, therefore,
increasing life expectancy in diabetic patients was
presented earlier. This important feature is believed to
be associated with the ability of metformin to influence
the rate of macrovascular complications of diabetes [67,
68] rather than the basic mechanisms of aging. Such
mechanisms as potential targets of metformin are under
increasing scrutiny in the recent years. Among proximal
targets under discussion are those involved in insulin
resistance, insulin/[FG-1 system, and fatty acid
oxidation and utilization [7, 69-71], which were
considered earlier with regard to the antiaging effects of
phenformin [3, 14, 72]. Among the most discussed
targets of metformin are AMPK activity and AMP-
related signaling, glycation reactions and glycation end-
products, mitochondrial membranes, reactive oxygen
species generation, epigenetic mechanisms, pluripotent
stem cells, cell proliferative senescence and mTOR
pathway [7, 71, 73-77]. Without digging into all
possible mechanistic details, the only endpoints used to
assess metformin as an antiaging agent will be
considered below.

Metformin has been shown to slow-down lipofuscin
accumulation, enhance locomotor activity and increase
mean lifespan in Caenorhabditis elegans nematodes in a
dose-dependent manner within concentration range of 1
to 50 mM in culture medium [78]. In R6/2 mice, used
to model Huntington’s disease, metformin increased the
lifespan of males, but not of females at a concentration
of 2 mg/mL in drinking water but not at 5 mg/mL [79].
However, in order to differentiate changes in rodent
lifespan resulting from influences on the basic
mechanisms of aging rather than on specific disease-
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related mortality, it is more appropriate, according to
S.R.Spindler [80], to use genetically heterogeneous long-
lived healthy populations, because short-lived or
weakened animals have not been shown to predict
longevity effects observed in long-lived ones. It is also
mandatory to report the data with regards to monitored
food consumption and body weight, thereby excluding
the potential effects of caloric restriction; more than that,
a positive control (e.g., a calorically restricted group) is
highly desirable too [80]. Of note, rodent species, such as
mice and rats, as well as nematodes and fruit flies,

originated as a consequence of r-selection with an
emphasis on a high growth rate resulting in numerous
offspring, each of which has a relatively low probability
of surviving to adulthood. In contrast to that, higher
primate species including humans were molded in
evolution primarily by K-selection resulting from living
in crowded niches and having fewer offspring, each of
which has a relatively high probability of surviving to
adulthood [81, 82]. Nevertheless, for a number of
practical reasons, properly chosen rodents remain the best
choice for the selection of lifespan expanding drugs [80].

Table 1. Data on lifespan in rodents receiving metformin

Species, Drug administration Food consumption Body weight Lifespan, days (control/experiment, % change) Ref.
gender and mode vs. control vs. control Mean Maximal Last 10% survivors
strain and the age of its onset
Mice, F Drinking water, 100 Decrease on months No changes 264+4/285+5 311/340 297+7/336+3 [83]
Her-2/neu mg/kg, 4&6 +8.0% +16.2% +13.1%* p<0.05
transgenic 2 months (p <0.05)
(FVB/N)
Mice, F Drinking water, 100 Decrease on months No changes 285+12/304+10 C 396/359 396/352 [84]
Her-2/neu mg/kg, 7&8 +6.7% -9.3% -11.1%*
transgenic 2 months p for log-rank test p<0.001
(FVB/N) 0.21
Mice, F Drinking water, 100 Increase on months |Tends to decrease| 388+29/535+32 814/898 727+£23/878+7 [85]
SHR mg/kg, 12-16 (p<0.05) and | after 20 months | +37.9%* p<0.01 +10.3% +20.8%
3 months decrease on month 22
(p<0.01)
Mice, F Drinking water, 100 No difference No changes 559422/583+27 941/972 892+12/897+28 (8617
SHR mg/kg +4.1% +3.3% +0.6%
2 months
Mice, F Drinking water, 100 No difference (881"
SHR mg/kg
No changes 511420/583+27 941/972 881+13/897+28
3 months +14.1%, p=0.17 +3.3% +2.0%
No changes 583+18/619+20 941/855 892+12/820+14
9 months +6.2% -9.1% -8.8%
Decreases after 668+£16/647+21 941/966 913+9/892+47
15 months 20 months -4.2% +2.7% -2.3%
Mice, F Drinking water, 100 Decrease on months | Decreases after 706+21/742+16 930/966 9104+9/913+19 [87]
129/Sv mg/kg 15-21 25 months +5.1% +3.9% +0.3%
3 months
Mice, M Drinking water, 100 Decrease on months | Decreases after 662+28/573+27 1029/1044 951+£32/931+£30 [87]
129/Sv mg/kg 15-21 22 months -13.4%* +1.5% -2.1%
3 months
Rats, M Chow, 300 mg/kg No difference Decreases at 48- | 796+170/ 815+186 | 1065/1062 1039+30/1061£3 [89]
Fisher F344 6 months 74 months +2.4% -0.3% +2.1%

Notes: * differences are statistically significant
# Data in [84] are not fully consistent with [83]
## Data in [86] and partly in [88] do not reproduce data in [85]; the mean lifespan in control was much shorter in [85] than in [86, 88]
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The aforesaid is of importance in considering
experimental data about metformin, which are presented
in Table 1. Most experiments were performed by the
group lead by Prof. V.N. Anisimov [70, 83-88] with
involvement, in some cases, of our laboratory. It is
necessary to note, that unfortunately not all of these
experiments fully satisfy the above requirements [80].
For example, the transgenic HER-2/neu mice are short-
living and die mainly of mammary carcinomas. In some
experiments, metformin-treated animals exhibited
changes in food-consumption and body weight (see
Table 1 and [83-85, 87-88]). Nevertheless, their
representation, supplemented by the results reported by
D.L. Smith et al. [89], helps to see the whole picture.
Certain sex-related differences in effects observed in
mice [87] were discussed earlier [90]. Noteworthy is
that metformin tends to be more efficient upon earlier
onset of its application ([88] and Table 1). This data
corroborates previous experimental observations related
to newborn macrosomy [91] and suggests that early-
onset usage of biguanides, including during pregnancy
and even preceding pregnancy, may be more beneficial
than the late-onset, notwithstanding all difficulties in the
practical realization of such recommendations.

On the whole, the data collected till present
unfortunately are not always reproduced in the same
experimental settings (Table 1), and demonstrate mixed
results as has been already pointed out (see [89, 93] and
in part [71, 92]). This conclusion relates as well to
slowing down of aging rate assessed by the Gompertz
model [83] since shifts of o parameter value in this
model into the favorable side were not found in all the
experiments mentioned above.

Conclusions

The main and uniform conclusion presented herein is
that metformin acts ‘selectively’ and its effects on
obesity, cancer, and lifespan experiments vary
depending on gender [90], age [24, 25, 51, 88] and other
factors, including tumor location (tissue specificity). It
has been pointed out earlier [36, 55] that, in order to
make use of the potential antitumor and/or weight-
reducing activities of metformin, it is necessary to
consider its direct and indirect effects, the presence or
absence of glucose intolerance, and impairments in the
insulin/IGF-1 system and tissue responsiveness, which
are determined, among others, by pharmacogenetic
factors (see also [53, 63]). This can be true as well for
antiaging applications where, in particular, the
evaluation of mTOR-related pathways and gene-
expression markers is recommended as a means for the
choice of geroprotectors [77, 94]. With all the known
benefits of metformin in different areas, including

reducing the rate of certain complications in diabetic
patients [67, 68], only further studies will allow the
specific molecular targets of metformin to be elucidated
fully with respect to treatment and prevention of
obesity, cancer, other age-related pathology and lifespan
as discussed above.

Of special interest is the question of whether metformin
is the most appropriate biguanide for oncology [36, 53,
95] and beyond. The authors of publications cited
herein, while recognizing that only metformin is
authorized by currently valid pharmacopeias for clinical
use, note that phenformin, which is more associated
with lactic acidosis in diabetic patients, may be more
potent in anticancer applications, as follows from
several preclinical studies [95, 96]. The potential
antiaging activity of phenformin was reported long ago
[97]. Therefore, it makes sense to compare directly
metformin and phenformin for their ability to influence
lifespan under identical experimental settings and in the
same experiment and thus to make an additional step to
developing of approaches to the ““...recommendation for
healthy life, which may help to bring one's lifespan
several years closer to the reliably recorded maximum”
[98].
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Note added after submitting of this paper

Recently, R.Boussageon et al. performed the meta-
analysis of randomised controlled trials of metformin
efficacy against morbidity or mortality in patients with
type 2 diabetes. Metformin did not significantly affect
the primary outcomes: all-cause mortality, risk ratio
(RR) =0.99 (95% CI: 0.75 to 1.31), and cardiovascular
mortality. The secondary cardiovascular outcomes were
also unaffected by metformin treatment. The authors
concluded that although metformin is considered the
gold standard, its benefit/risk ratio remains uncertain,
and needs further study [Boussageon R, Supper I,
Bejan-Angoulvant T, Kellou N, Cucherat M, Boissel JP,
et al. (2012) Reappraisal of Metformin Efficacy in the
Treatment of Type 2 Diabetes: A Meta-Analysis of
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Randomised Controlled Trials.
€1001204. Epub 2012 Apr 10].

PLoS Med 9(4):

Also, H.Noto et al. performed a search for pertinent
articles published as of October 12, 2011 and calculated
pooled risk ratios (RRs) for overall cancer mortality
and cancer incidence in patients with diabetes treated
with metformin. The use of metformin was associated
with significantly lower risks of cancer mortality and
incidence. However, as mentioned by the authors, this
analysis was mainly based on observational studies and
the findings underscore the more need for long-term
randomized clinical trials to confirm potential benefit
for individuals with diabetes [Noto H, Goto
A, Tsujimoto T, Noda M. (2012) Cancer Risk in
Diabetic Patients Treated with Metformin: A Systematic
Review and Meta-analysis. PLoS One. 7(3):e33411.
Epub 2012 Mar 20].
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