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Abstract

Background: We conducted a meta-analysis in order to investigate whether circulating
adiponectin, an insulin-sensitizing hormone produced by adipocytes, is associated with
breast cancer risk.

Methods: A systematic literature search was performed in PubMed, Medline, EMBASE,
ISI Web of Knowledge and the Cochrane Library. The summary relative risk (SRR) was
calculated by pooling the different study-specific estimates using the random effect mod-
els. Meta-regression, subgroup and sensitivity analyses were carried out to investigate
between-study heterogeneity and to test publication bias.

Results: Data from 15 observational studies, published between 2003 and April 2013 for
a total of 4249 breast cancer cases, were analysed. The SRR for the ‘highest’ vs ‘lowest’
adiponectin levels indicated a 34% reduction in breast cancer risk [95% confidence inter-
val (Cl): 13%-50%]. Between-study heterogeneity was not substantial (I*>=53%). Ten
studies were included in the dose-response analysis: the SRR for an increase of 3 ug/mi
of adiponectin corresponded to a 5% risk reduction (95% CI: 1%-9%). The comparison
between ‘highest’ and ‘lowest’ levels of adiponectin showed an inverse association in
postmenopausal women (SRR =0.80; 95% CI: 0.63-1.01) and an indication of an inverse
relationship in premenopausal women (SRR=0.72, 95% CI: 0.30-1.72). No evidence of
publication bias was found.

Conclusions: Low circulating adiponectin levels are associated with an increased breast
cancer risk. However, properly designed studies are needed to confirm the role of adipo-
nectin as breast cancer biomarker, and clinical trials should be performed to identify
those interventions that may be effective in modulating adiponectin levels and reducing
breast cancer risk.
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Key Messages

nectin levels and increased breast cancer risk.

* The results of our meta-analysis of the epidemiology literature indicate an association between low circulating adipo-

* No indication of publication bias or substantial between-study heterogeneity was found.
¢ Properly designed studies are needed to confirm the role of adiponectin as a biomarker of breast cancer risk.

Introduction

Obesity is a well-recognized risk factor for postmeno-

1= Whereas controversial findings

pausal breast cancer,
have been reported in premenopausal women. A large
meta-analysis showed an inverse association between body
mass index (BMI) and the incidence of premenopausal
breast cancer.* On the other hand, recent data from two
large prevention studies have demonstrated that premeno-
pausal women with a high BMI are at increased risk for
developing breast cancer.’

The biological mechanisms linking obesity and cancer
risk have not been fully elucidated, but it is now clear that
adipose tissue is not only an energy storage site, since it
also plays an active role in systemic energy balance and in
other physiological pathways through the production and
secretion of adipokines.®

Adiponectin is an insulin-sensitizing hormone produced
by adipocytes, together with other adipokines, for the
maintenance of metabolic homeostasis. Interestingly,
this hormone appears to have anti-inflammatory, anti-
atherogenic, anti-angiogenic and anti-diabetic properties.”
Serum adiponectin levels are reduced in obesity and
increased after severe weight loss.®” Low levels of adipo-
nectin are also closely linked to insulin resistance and
hyperinsulinaemia,'® which were demonstrated to be posi-
tively associated with breast cancer risk'"'? and poor
outcomes in women with early breast cancer.'?

Collectively, this evidence leads to the hypothesis that
adiponectin may act as a molecular mediator linking excess
adiposity with carcinogenesis.”

We recently found that low levels of adiponectin in pre-
menopausal women at high risk for breast cancer increased
the risk of breast neoplastic events by 12% (P=0.03).'*
Notably, we also confirmed the association between adipo-
nectin, obesity and insulin resistance, since we observed
an inverse correlation of adiponectin with BMI and the
Homeostasis Model Assessment (HOMA) index, a meas-
ure of insulin resistance.

The first observation linking adiponectin to breast can-
cer was reported by Miyoshi et al.'> who suggested that
low serum adiponectin levels were associated with an
increased breast cancer risk and possibly with a more ag-

gressive breast cancer phenotype. Over the past decade,

many authors have investigated the association between
adiponectin and breast cancer in case-control>! and
cohort studies.’*** We have conducted a meta-analysis in
order to verify whether a systematic revision of the litera-
ture and a summary relative risk (SRR) estimate of pub-
lished data, with quantitative assessment of between-study
heterogeneity, supports the role of circulating adiponectin

as a biomarker of breast cancer risk.

Methods

Pre-defined protocol

A systematic literature search and a quantitative analysis
were planned, conducted and reported according to the
Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) guidelines.**

Literature search

Published reports were identified from the following data-
bases, using validated search strategies: PubMed (http:/
www.ncbi.nlm.nih.gov/entrez/query.fcgi); Medline (Ovid
Technologies, Inc., New York, 1950-29 April 2011);
EMBASE (Elsevier, Amsterdam, The Netherlands, 1980-
29 April 2011); ISI Web of Knowledge (Thomson
Scientific Technical Support, New York, 1945-4 May
2011), and the Cochrane collaboration databases (http://
www.cochrane.org). All searches were carried out using
the MeSH terms ‘breast neoplasms’ or ‘breast cancer’, each
combined with one of the following: ‘adiponectin’,
‘ACDC’, ‘ADPN’, ‘APMT’, ‘APM-1’, ‘GBP28’, ‘ACRP30’
or ‘ADIPOQ’. We also performed manual searches of the
references cited in our retrieved articles and in earlier

reviews on the topic.

Study selection

Primary inclusion criteria were case-control and cohort
studies published as an original article, and the report of
relative risk estimates or crude data for adiponectin serum

levels. Ecological studies, case reports, reviews not
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including original data, and editorials were not considered
eligible. No language or geographical restriction was
applied.

After assessing whether the titles of the identified art-
icles could meet our primary inclusion criteria, we checked
the relevance of the corresponding abstracts and retrieved
full copies of the manuscripts; these were then independ-
ently read by at least two investigators.

We then selected only those studies that: (i) reported
sufficient information to estimate the relative risk and the
95% confidence intervals (CI) for the different quantiles
(or at least for the upper quantile), used to categorize adi-
ponectin serum levels (odds ratios, relative risks or crude
data, and corresponding standard errors, variance, confi-
dence intervals or P-values of the significance of the esti-
mates); and (ii) were independent and did not duplicate
previously published results. In the case of multiple articles
on the same population, results from the study including
the largest number of subjects were used.

Finally, studies with the following features were
excluded: (i) studies reporting breast cancer recurrence risk
estimates among cancer patients; and (ii) studies reporting
breast cancer mortality risk estimates. Review articles not
reporting original data were also excluded, although they
were checked for useful references.

A standardized data-collection protocol was used for
gathering the relevant information from each selected article.

Data extraction

Data were extracted by one investigator using a pre-
defined database. The resulting table was then verified by a
second investigator and by the statistician who performed
the meta-analysis. Laboratory assays used to measure adi-
ponectin levels were recorded. The most adjusted relative
risk estimate was always used. Data extraction also
included key study characteristics such as the type of strati-
fied analysis performed (e.g. by menopausal status), and
the confounding factors that were adjusted for in the
analysis.

Statistical analysis

Since cancer is a relatively rare disease, we ignored the dis-
tinction between the various estimates of relative risk
(i.e. odds ratio (OR), rate ratio, risk ratio), and all meas-
ures were interpreted as relative risk.”> Every measure of
association, adjusted for the maximum number of con-
founding variables, and the corresponding confidence
intervals, were transformed into log relative risks. The cor-
responding variance was calculated using the formula pro-
posed by Greenland.’> When no estimates were given,

crude estimates were calculated from tabular data. Woolf’s
formula was used to evaluate the standard error of the
log relative risk. The measure of heterogeneity I? was
considered in order to compare between-study heterogen-
eity. It can be interpreted as the percentage of total vari-
ation across studies that is attributable to heterogeneity:
larger values of I? indicate greater heterogeneity.>®

First of all, we computed the SRR estimates for the
‘highest’ vs the ‘lowest’ category of baseline adiponectin
concentration. When the information was available, we
also calculated the summary estimates of the dose-response
effect of adiponectin levels on breast cancer risk. The pro-
cedure is based on two steps: first, a linear model was fitted
within each study to estimate the relative risk per unit of
adiponectin increase. When sufficient information was
published (i.e. the number of subjects at each serum level
category), the model was fitted according to the method
proposed by Greenland and Longnecker.?” This method
provides the natural logarithm of the relative risk, and an
estimate of its standard error, taking into account that the
estimates for separate categories are referred to the same
reference category. When the number of subjects in each
serum level category was not available from the publica-
tions, coefficients were calculated discounting the correl-
ation between the estimates of risk at the separate
exposure levels.

Second, the SRR was estimated by pooling the different
study-specific estimates using the random effect models as
described by van Houwelingen et al.,”® with summary
effect size obtained from the estimation of maximum likeli-
hood. Confidence intervals were computed assuming an
underlying t-distribution and using PROC MIXED in SAS
[SAS Institute Inc. SAS Windows version (8.02), 1999,
Cary, NCJ.

Publication bias was graphically assessed using a funnel
plot and the Macaskill test,®” which is more powerful
when less than 20 estimates are included in the analysis.

The final summary relative risks represent the breast
cancer risk associated with 1 or 3ug/ml increment of
adiponectin.

Heterogeneity and sensitivity analyses

To assess the influence of possible sources of bias, we
followed the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) checklist for ob-
servational epidemiological studies.*” Accordingly, using
meta-regression, we evaluated between-study heterogen-
eity by assessing the influence of different study features,
such as study population and study design, assessment
of adiponectin level, suitability of statistical methods and
appropriate reporting of results.
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1240 citations identified:

674 from electronic databases (PubMed, Medline,
EMBASE, ISI Web of Knowledge, Cochrane Library)

566 from reference lists

1218 citations excluded—duplicates, reviews, title
and/or abstract not relevant to the study endpoint

22 full-text original articles
considered for inclusion

7 studies excluded

15 independent studies included in meta-analysis

Figure 1. Flow diagram of study selection.

To evaluate the stability of the pooled estimates, we
also examined changes in results after the exclusion of
specific studies.

Meta-regressions and subgroup analyses were carried
out to quantify the between-study heterogeneity.
Heterogeneity was investigated by considering all the pos-
sible factors that could influence the estimates (publication
year, study design, geographical location, assays used for
adiponectin determination, serum adiponectin levels before
breast cancer diagnosis, adjustment for confounding fac-
tors and population characteristics). Finally, analyses by

menopausal status were also conducted.

Results

The flow diagram for study inclusion in the meta-analysis is
shown in Figure 1. A total of 22 articles were retrieved and
checked for relevance in terms of intervention, population
studied, and reporting of breast cancer incidence/mortality
data. All articles were in English. Seven articles were not
included for the following reasons: Chen et al.,'” Gulcelik

L4 1.*2 because no information was

et al.”’ and Dalamaga et a
published to calculate the risk estimate; Duggan et al.** be-
cause their endpoint was breast cancer mortality; Al-
Delaimy et al.*® and Oh et al.>* because their endpoint was
breast cancer recurrence among breast cancer patients; and
Al Awadhi et al.”” because contradictory results were re-
ported in the tables (reference 27: Table III and Table IV).
Furthermore, since Mantzoros and colleagues'® pre-
sented the OR related to a change in serum adiponectin
levels by one marginal quintile of the storage duration-

adjusted measurements, we re-calculated it from the

original crude data in order to be consistent with the risk
estimates derived from the other studies.

Overall, we included estimates from 15 studies that pre-
sented data on the association between adiponectin and
breast cancer risk.!*'®1823:28=31 The characteristics of
these studies are summarized in Table 1. All articles were
published between 2003 and April 2013. We included one
cohort study (57 cases and a total of 235 subjects),'* eight
hospital-based case-control studies (944 cases and 859

13,16,19-23.25 5ne population-based case-control

)30

controls),
study (56 cases and 53 controls)”” and five nested case-
control studies (3192 cases and 4130 controls)!8-2%28-2%:31
for a total of 4249 breast cancer events. Six studies were
conducted in Europe,'*!6:1%:23:282% three in the USA,'8**
one in ]apan,“ one in China,”' one in Taiwan,”® one in
Malaysia,”® one in Korea®? and one in Saudi Arabia.’ In
six studies,'*1$2428:2%:31 blood samples were taken before
breast cancer diagnosis. Circulating adiponectin levels
were measured by enzyme-linked immunosorbent assay
in eight studies,'®!5-21723:25:2831 by 3 radioimmunoassay

16,18-20.29 and by means of a multiplex assay

in five studies,
in two studies.>**° In only one article was the published
OR not adjusted for the BML?® but the authors stated that
there were no differences in BMI between cases and con-
trols. Furthermore, the OR from Mantzoros et al.'®
was not adjusted for any confounder, and we had to re-
calculate it. Seven studies presented the estimates by meno-
pausal status.'*!218:20:242931 Tep srudies were included in

- 14,16,19,21,23-25,28,29,31
the dose-response analysis, ' #16>1%21:23-25,28.29,

Summary estimates

The SRR for the ‘highest’ vs the ‘lowest’ circulating adipo-
nectin levels indicate a 34% reduction in breast cancer risk
(95% CI: 13%-50%), as shown in the forest plot
(Figure 2). An inverse relationship was also found when
considering the dose-response relationship: the SRR was
0.982 (95% CI: 0.967-0.998) for an increase of 1 unit of
adiponectin, which corresponds to a 5% reduction in risk
(95% CI: 1%-9%) for an increase of 3 pg/ml.

We performed a subgroup analysis by menopausal sta-
tus. The published ORs by adiponectin levels are reported
in Table 2. Four studies presented the estimates in preme-
nopausal women for a total of 566 cases, and six studies
reported the estimates in postmenopausal women for a
total of 2281 cases. We found a trend for an inverse associ-
ation comparing the ‘highest’ vs the ‘lowest’ levels of adi-
ponectin in postmenopausal women (SRR =0.80; 95% CI:
0.63-1.01) and an indication of an inverse relationship in
premenopausal women (SRR =0.72; 95% CI: 0.30-1.72).

We used subgroup, meta-regression and sensitivity
analyses to evaluate the influence of single studies or
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Figure 2. Forest plot of the ‘highest’ vs the ‘lowest’ category of circulat-
ing adiponectin and breast cancer risk.

fa ctors that might modify this association, such as age,
menopausal status, adjustment for BMI, study design,
publication year, country, assay method, and assessment of
adiponectin serum levels before diagnosis. None of the fac-
tors or single studies significantly affected the SRRs. In
Table 3 we report the SRR from subgroup analyses per-
formed by study design, assay methods and adjustment for
confounders that may have introduced considerable het-
erogeneity into the study results. The SRR did not substan-
tially change between case-control and nested case-control
and/or cohort studies (P = 0.20), between ELISA and other
assay methods (P=0.76), or whether an adjustment for
menopausal status was carried out for risk estimates
(P=0.72). However, interestingly, the reduction in risk
was greater among case-control studies than among

Table 2. Relationship between adiponectin levels and breast cancer risk by menopausal status

Study Menopausal status Adiponectin levels (pg/ml) Cases/controls (No.) OR
Miyoshi et al." Premenopausal women >10.6 6/12 1.00 (reference)
6.9-10.6 25/16 3.41(0.99-11.66)
<6.9 21/17 3.46 (0.89-13.50)
Postmenopausal women >10.6 11721 1.00 (reference)
6.9-10.6 11/17 1.94 (0.51-7.44)
<6.9 28/17 3.90 (1.23-12.44)
Tian et al.* Premenopausal women <13.37 111/106 1.00 (reference)
>13.37 30/35 0.84 (0.46-1.52)
Postmenopausal women <15.69 90/77 1.00 (reference)
>15.69 13/25 0.55(0.23-0.97)
Tworoger et al'® @ Premenopausal women <9.3; <17.4; <12.0 316/506 1.00 (reference)
9.3-11.7; 17.4-20.6; 12.0-15.6 1.05 (0.69-1.59)
11.7-13.8;20.6-23.2; 15.6-19.3 1.12 (0.70-1.80)
>13.8;>23.2;>19.3 1.30 (0.80-2.10)
Postmenopausal women <9.3;<17.4; <12.0 858/1309 1.00 (reference)
9.3-11.7; 17.4-20.6; 12.0-15.6 0.91 (0.69-1.21)

>13.8;>23.2; >19.3

Cust et al.*® Postmenopausal women <4.9
4.9-9.1
>9.1
Gaudet et al.** Postmenopausal women 0.626-19.535

19.536-25.758
25.759-32.921
32.922-73.588

Macis et al.'* Premenopausal women <7.2
7.2-10.00
10.0-14.00
>14.00

Postmenopausal women <5.7
5.8-10.0
10.1-16.1

>16.1

Ollberding et al.>!

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
11.7-13.8;20.6-23.25 15.6-19.3 0.97(0.73-1.27)
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

0.73 (0.55-0.98)
105/116 1.00 (reference)
123/110 1.21 (0.80-1.83)
106/108 0.96 (0.55-1.695)
54/62 1.00 (reference)
57157 1.02 (0.59-1.72)
59153 1.18 (0.68-2.08)
60/59 1.04 (0.59-1.83)
21/59 1.00 (reference)
16/58 0.73 (0.38-1.40)
11/59 0.54 (0.26-1.12)
9/59 0.39 (0.18-0.88)
182/177 1.00 (reference)
210/176 1.18 (0.87-1.58)
158/176 0.92 (0.67-1.27)
156/177 0.94 (0.66-1.32)

?Adiponectin levels were determined in different batches.
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Table 3. Summary risk estimates from subgroup analyses
N. estimates SRR Low Up P
Study design CC 7 0.48 0.29 0.81 0.20
NCC and CO 7 0.88 0.73 1.07
Assay method ELISA 7 0.58 0.32 1.03 0.76
No 6 0.82 0.65 1.03
Risk estimate adjustments® For menopausal status 6 0.61 0.35 1.06 0.72
No 3 0.62 0.15 2.57

SRR, summary relative risk; CC, case-control; NCC, nested case-control; CO, cohort; ELISA, enzyme-linked immunosorbent assay.

?Adjustments or matching; risk adjustment for menopausal status was evaluated for studies including pre- and post-menopausal women.

cohorts or nested case-control studies. Furthermore, sensi-
tivity analyses excluding studies with particular features, e.
g. those presenting risk estimates unadjusted for any con-
founder, did not change our results.
Between-study heterogeneity was not substantial
(I* = 53%) and we did not find any evidence of publication

bias (data not shown).

Discussion

The results of this meta-analysis indicate an inverse associ-
ation between circulating adiponectin levels and breast
cancer risk, showing a 34% reduction in risk for the ‘high-
est’ vs the ‘lowest’ circulating adiponectin levels and a 5%
reduction in risk for an increase of 3 pug/ml of adiponectin
in the dose-response analysis. We observed a moderate
level of heterogeneity across the studies included in the
meta-analysis (I>=53%) and no evidence of publication
bias, suggesting a good reliability of our results. The three
studies that increased the between-study heterogeneity are
those that showed strongly inverse associations.'>*'”**

In order to investigate the influence of study features,
we identified several characteristics such as study design,
assay methods for the analysis of adiponectin, and popula-
tion characteristics, as factors that may add variability to
the results. We evaluated their influence on between-study
heterogeneity through meta-regression and subgroup ana-
lyses. We did not observe any difference among all the ana-
lysed factors. However, the inverse association between
adiponectin and breast cancer was attenuated in the nested
case-control and cohort studies compared with case-
control studies. Even though we found no substantial
heterogeneity and none of the analysed factors introduced
important variability, in order to be conservative we calcu-
lated our summary estimates using the random effect mod-
els that take into account between-study variations.

Increasing evidence in the literature supports the associ-
ation between adiponectin and breast cancer risk.

Two previous meta-analyses on this topic*>**

1.43

were

recently published. Ye er al.”” presented summary standard

mean difference (SMD) values of circulating adiponectin
levels between breast cancer cases and controls. They
found that serum total adiponectin concentrations were
significantly lower in patients with breast cancer, with a
pooled SMD of -0.39 pg/ml (95% CI: —0.618-—-0.161,
P=0.001). They did not find a significant difference
among premenopausal women; however, the reported esti-
mates were not adjusted for confounders and SMD cannot
be interpreted as a risk measure. Overall, Liu et al.** did
not find a significant breast cancer increased risk compar-
ing the ‘highest’ vs the ‘lowest’ adiponectin levels.
However, in our meta-analysis we summarized a higher
number of studies (15 vs 13), events (4249 vs 3578) and
comparable estimates. Indeed, we excluded a study that
did not compare ‘highest’ vs ‘lowest’ adiponectin levels*!
and a study with inconsistent data.”” Thus, we were able
to increase the statistical power of the analysis with lower
heterogeneity compared with Liu et al.**

Interestingly, adiponectin levels have been reported to
be correlated with factors such as obesity and insulin resist-
ance which have been associated with breast cancer
risk and prognosis.**™* Indeed, adiponectin levels
have been shown to be inversely related to both
BMI!415:17,18,2021,23,25,27,29,31,32,48 HOMA

2 Adiponectin levels have also been inversely

and
index.'**7>3
associated with C-reactive protein, estradiol, dehydroe-
18,24,30-32 4

positively linked to follicle-stimulating hormone, sex hor-

piandrosterone, estrone and testosterone,

mone-binding globulin and high-density lipoprotein chol-

1,14242739 \which have been associated with breast

estero
cancer risk and progression.

In our analysis by menopausal status, we only found a
weak inverse association between adiponectin levels and
postmenopausal breast cancer risk. The association be-
tween adiponectin and premenopausal breast cancer risk
was in the same direction, but it was not significant prob-
ably due to the limited number of subjects analysed.

Many authors have investigated whether the relation-
ship between adiponectin and breast cancer varied by tu-
mour stage or grade, size, molecular subtypes or lymph



1234

International Journal of Epidemiology, 2014, Vol. 43, No. 4

node metastasis status,'>18723:2%:31.334149 1t was not pos-
sible to perform subgroup meta-analyses because most of
the authors did not publish sufficient information to calcu-
late the ORs. However, some authors reported a consistent

levels and
15,21,41

association between adiponectin
21,22

inverse
lymph node metastasis, tumour grade, or stage.
Interestingly, an increased risk of ER-negative breast can-
cer in patients with lower adiponectin levels has been
reported.'>>? In a study on breast cancer patients, a 2.82-
fold higher risk of breast cancer recurrence was found in
ER/PR-negative but not in ER/PR-positive breast cancer
patients with the lowest adiponectin levels.*

Recently, Duggan et al.’° reported that adiponectin lev-
els above the median were associated with a 61% decrease
in risk of breast cancer mortality, although no significant
effect on all-cause mortality was observed.

Different mechanisms of action by which adiponectin
may reduce the risk of breast cancer development and pro-
gression have been proposed and reviewed.’'>* These in-
clude the reduction of aromatase activity and local estrogen
production resulting in cell proliferation decrease, the reduc-
tion of cell motility and angiogenesis, the enhancement of
cell differentiation, and the induction of apoptosis with con-
sequent inhibition of tumour growth.’'>** Many pharmaco-
logical and non-pharmacological interventions have been
shown to influence adiponectin levels.

It was reported that weight loss by a low calorie diet
combined with physical exercise induced an increase in
adiponectin levels ranging from 18% to 48%.>* However,
a weight loss greater than 7% is needed to increase adipo-
nectin levels with calorie intake restriction.’*** Similarly,
medical interventions for weight loss, such as orlistat or
bariatric surgery, have been shown to increase adiponectin
levels.>* Daily intake of fish or omega-3 supplements and
dietary fibre supplementation have been reported to in-
crease adiponectin levels by about 14-60% and 60-115%,
respectively.”®> Among pharmacological interventions that
influence adipose tissue functions, some anti-diabetic, anti-
hypertensive, anti-inflammatory and lipid-lowering drugs
have been shown to increase adiponectin levels.’* A review
of molecular pathways related to adiponectin signalling in
cancer, illustrating potential key components for thera-
peutic intervention, was recently published.’®

Interestingly, most of the interventions that increase
adiponectin levels have been also associated with reduced
breast cancer risk.

Our results suggest an intriguing association between
low levels of circulating adiponectin and increased breast
cancer risk. However, this is a meta-analysis of observa-
tional studies, which may have not been completely con-
trolled for confounders. Further ad hoc studies should be

designed to investigate the association between adiponec-
tin and breast cancer risk. We need to establish the optimal
level of adiponectin or the increase in adiponectin concen-
tration that can have a protective effect against breast
cancer. In addition, clinical trials should be carried out to
identify those interventions that may increase circulating
adiponectin levels and reduce breast cancer risk.

Overall, these data suggest a possible role of adiponec-
tin as a biomarker of breast cancer risk, which could be
helpful in identifying subjects at high risk for breast cancer
occurrence who may benefit from preventive treatments.

Conflict of interest: None declared.
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‘Meta-analysis’, coined by Gene Glass in 1976, is the ‘ana-
lysis of analyses’, denoting a systematic approach to sum-
marizing the available peer-reviewed literature using
statistical techniques." Most readers view a meta-analysis
as a definitive summary of the state of the evidence, and
meta-analyses have become an essential element in evi-
dence-based decision making. Because meta-analysis in-
volves a quantitative summary of the published data, it is
sometimes interpreted as less biased and more objective
than qualitative reviews of the literature or even individual
studies. Over the past two decades the use of systematic
reviews has exploded, with over 4000 published on human
data in 2013 alone (as inventoried by PubMed).

The power of meta-analyses is realized when they pro-
vide clarity on the exposure and outcome association not
revealed through individual studies. For example, in a
meta-analysis on therapeutic trials for myocardial infarc-
tion, treatment with intravenous streptokinase reduced
mortality from acute myocardial infarction by approxi-
mately 20% (P-value < 0.001).” In contrast to the overall
finding from the meta-analysis, 28 of the 33 clinical trials
did not observe a statistically significant finding between
treatment with intravenous streptokinase for acute myo-
cardial infarction; the individual study results were hetero-
geneous, with suggestions of inverse, null and positive
findings, thus illustrating how a meta-analysis clarified an
important causal factor advancing clinical care.

Nevertheless, meta-analyses, just like their individual
parts, are only as valid as the data and methods used
(including design aspects, eligibility criteria and analyses).
Thus, it is entirely possible to see multiple meta-analyses
on the same topic with different conclusions, if there are
different data and methods represented in each individual
meta-analysis. Fortunately, most epidemiologists embrace
heterogeneity and its determinants in evaluating and
synthesizing individual studies. The proliferation of meta-
analyses, however, requires constant vigilance and recogni-
tion of the fact that methodological critique extends
to describing and understanding heterogeneity in meta-
analyses. Without such a critical evaluation to explain the
heterogeneity across meta-analyses, public health and
clinical care decisions will not be informed by the best
empirical evidence.

As an illustration of the task we face, in this issue
of IJE we have an example of a well-conducted meta-
analysis on adiponectin concentrations and breast can-
cer risk by Macis and colleagues.> As two other meta-
analyses on this same topic have been published re-
cently in other journals*’ with some differing conclu-
sions, particularly for the selected subgroups, we
compare these three meta-analyses as an illustration of
heterogeneity in meta-analyses, and we articulate and
distil the differences across them for a more coherent

understanding of the evidence.

©The Author 2014; all rights reserved. Published by Oxford University Press on behalf of the International Epidemiological Association 1236


http://www.oxfordjournals.org/

	dyu088-TF1
	dyu088-TF2
	dyu088-TF3
	dyu088-TF4
	dyu088-TF5
	dyu088-TF6
	dyu088-TF7



