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Summary

Antidepressant use has been linked to new-onset diabetes. However, the existing literature on this
relationship has yielded inconsistent findings. The primary objective of this study was to
systematically synthesize the literature on the relationship between antidepressant use and new-
onset diabetes using meta-analysis.

A systematic literature search was conducted to identify relevant studies in seven electronic
databases. Two independent reviewers identified the final list of studies to be included in the meta-
analysis using a priori selection criteria. Results for the primary outcome of interest, that is, odds
and hazards of developing new-onset diabetes, were pooled using a random-effects model. Egger’s
regression test and the Trim and Fill method were utilized to detect the presence of any potential
publication bias. Sensitivity analysis was conducted using the leave-one-out method as well as
individual categories of antidepressant drugs.

Eight studies met the inclusion criteria. Random effects models revealed that adults with any use
of antidepressants were more likely to develop new-onset diabetes compared with those without
any use of antidepressants [odd ratios = 1.50, 95% confidence interval (Cl), 1.08-2.10; hazards
ratio = 1.19, 95% CI, 1.08-1.32]. Sensitivity analyses revealed fair robustness; selective serotonin
reuptake inhibitors and tricyclic antidepressants were more likely to be associated with the
development of new-onset diabetes. Results from the Egger’s regression test and Trim and Fill
method revealed no evidence of publication bias.

Among adults, antidepressant use was associated with higher chances of new-onset diabetes.
However, because a cause-and-effect relationship cannot be established by observational studies,
future randomized controlled studies are needed to confirm this association.
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Introduction

Methods

The association between antidepressant use and new-onset diabetes is an emerging research
area. Association of antidepressant use with new-onset diabetes was first suggested from the
results of a three-armed (intensive lifestyle, metformin and placebo) randomized controlled
trial designed for the prevention of diabetes [Diabetes Prevention Programme (DPP)] [1].
Using secondary analysis of data from the DPP, it was found that the hazards of new-onset
diabetes among participants in the placebo arm using antidepressants were 2.25 times as
high as for those without antidepressant use. Individuals in the intensive lifestyle-arm were
three times as likely as those without antidepressant use to develop diabetes [1]. However, to
date, published studies using observational data have been inconsistent in finding an
association between antidepressant use and new-onset diabetes. For example, some studies
did not find a statistically significant association between antidepressant use and new-onset
diabetes [2—4], whereas others reported statistically significant associations between
antidepressant use and new-onset diabetes [5—9]. Preventing diabetes has become a top-
priority area because diabetes is associated with poor quality of life due to serious
complications such as neuropathy, nephropathy, retinopathy and cardiovascular adverse
events [10], and its management is associated with extremely high healthcare expenditures
[11]. Moreover, the rates of antidepressant use among all ages has increased by nearly five
times from 1994 to 2008 [12] and in 2008, antidepressants were one of the most commonly
prescribed drugs, with 164 million prescriptions at a cost of US$ 9.6bn [13].

Meta-analysis is a quantitative approach for combining results from different studies on the
same topic. Some of the strengths of meta-analysis include (1) greater statistical power for
outcomes of interests (primary endpoints), (2) arriving at a consensus from varying study
results and (3) increasing estimates of treatment effectiveness [14]. To date, only one
published report [6] has pooled data from different studies in order to assess the risk of new-
onset diabetes with antidepressant use. However, this study was not a true meta-analysis
because it was limited to three of the investigative team’s own research versus an exhaustive
search for all previous studies on the topic. As a result, this previous investigation, from a
meta-analytic perspective, suffers from what is known as selection bias. Given the
advantages of meta-analysis and inconsistent findings from the existing literature regarding
antidepressant use and risk of new-onset diabetes, the purpose of this study was to conduct
an aggregate data meta-analysis of observational studies to determine the association
between antidepressant use and new-onset diabetes among adults 18 years of age or older.

Data sources and search strategies

A systematic literature search was conducted to identify relevant studies in seven different
electronic databases (PubMed, CINAHL, The Cochrane Library, Dissertation Abstracts
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International/Proquest, Web of Science, Scopus and PsycINFO). Cross-referencing from the
obtained studies was also performed. A West Virginia University Health Sciences
Information Scientist was consulted to plan search strategies for the different databases in
order to obtain a comprehensive list of available studies. Different search strategies for
different electronic databases were utilized for the purpose of this study because of the fact
that these different databases require such. A detailed description of the search strategies
used is shown in Appendix I.

Study selection

The a prioriinclusion criteria for the current study were as follows: (1) observational studies
assessing the risk of new-onset diabetes among antidepressant users compared with non-
users, (2) adults = 18 years of age, (3) use of any antidepressants [antidepressant drugs
belonging to any of the following categories tricyclic antidepressants (TCAS), monoamine
oxidase inhibitors, selective norepinephrine reuptake inhibitor, selective serotonin reuptake
inhibitors (SSRIs) and others (maprotiline, bupropion, mirtazapine, nefazodone, trazodone)],
(4) published and unpublished (dissertations and master’s theses) studies, (5) studies
published in English language only, (6) studies published from the inception of the
respective databases to 26 November 2012 and (7) minimum follow-up of 12 months from
the start of antidepressant use. Studies not meeting all of the aforementioned criteria were
excluded from this systematic review. Study selection was conducted by the first two authors
with consultation from the last author on discrepant issues. The corresponding authors of
two studies [4,7] were contacted to obtain necessary point estimates to be included in the
final analysis. In addition, estimates to conduct sensitivity analysis on different categories of
antidepressant medications were requested and provided by the corresponding author of one
study [7], whereas data from another study [5] was retrieved from their online appendix
(supplemental data).

Data abstraction

Data from individual studies were abstracted and coded into a Microsoft Excel (2007)
codebook that was developed by the first two authors (S.B. and R.B.). Data were coded into
the following three broad categories: (1) study characteristics, (2) subject characteristics and
(3) outcomes. Data coded included, but were not limited to, the following: funding sources
of the original studies, country, methods used and length of follow-up, participant numbers
in the intervention group (antidepressant users) and control group (non-users), outcomes
(new-onset diabetes) and factors controlled for. The first two authors (S.B. and R.B.)
independently coded all studies. Each coded item was then assessed and reviewed for
accuracy. Disagreements were resolved by consensus. When consensus could not be
reached, the fourth author (U.S.) acted as an arbitrator.

Study quality assessment

The quality of the included studies was assessed using the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement for observational studies [15].
The STROBE statement, which provides guidelines for reporting observational studies, is a
22-item checklist that assesses the risk of potential bias in the title and abstract, introduction,
methods, results and discussion sections of articles. There were two levels for assessing each
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of these domains — low or high risk of bias. A description of the decision rules for assessing
the risk of bias is shown in Table 1. The risk of bias assessment was restricted to the primary
outcome (new-onset diabetes only). All risk of bias assessments were conducted by the first
two authors (S.B. and R.B.), independent of each other. Disagreements were resolved by
consensus.

Statistical analysis

Results

The primary outcome of interest was the odds or hazards of new-onset diabetes from each
study. New-onset diabetes was measured among individuals with no prior history of
diabetes. Presence of diabetes was assessed by any of the following: self-report, physician
diagnosis, ‘International Classification of Diseases, 9th Revision, Clinical Modification’
code of 250.xx, fasting glucose >126 mg/dL, casual plasma glucose =200 mg/dL, 2-h
plasma glucose =200 mg/dL during oral glucose tolerance test measures, HbA1C value
>7%, new prescription of oral anti-diabetic medications or insulin use [11,16]. Random
effects models, which incorporate heterogeneity between studies were used to estimate the
pooled effect of antidepressant use on new-onset diabetes. As studies reported either odd
ratios (OR) or hazards ratios (HR), separate random effects models were used. Statistically
significant results were considered as those in which the 95% confidence interval (ClI) did
not include one. Because one study included multiple groups according to dosing [5], data
are reported separately as well as with all groups collapsed so that only one estimate
represented each study.

The OR and HR from each study were weighted by the inverse of the variance. In addition,
Q and / statistics were used to assess heterogeneity. The alpha value for a statistically
significant Q statistic was set at <0.10. The / statistic was categorized as either small (from
25% to <50%), medium (from 50% to <75%) or large (=75%) [17]. Results were reported
using the pooled OR and HR along with their 95% CI. Non-overlapping Cls were
considered statistically significant. Egger’s regression test and the Trim and Fill method
were used to examine for the presence of potential publication bias [18,19]. For Egger’s
regression test, the alpha value for statistical significance was set at <0.05. In addition,
funnel plots were used to detect potential publication bias. Sensitivity analysis was
conducted using the leave-one-out method (influence analysis). Sensitivity analysis was also
conducted to assess the effects of individual antidepressant categories (SSRIs, TCAs and
others) associated with the risk of new-onset diabetes. All statistical analyses were
performed using STATA, version 11.0. (STATA, College Station, TX, USA).

Study characteristics

A total of 409 citations were initially identified. After removal of all duplicates, 320
citations were screened on the basis of the title and abstract. Of these, eight met the criteria
for inclusion [2—9]. A flow diagram depicting the search process is shown in Figure 1. A list
of excluded studies is available upon request from the first author.
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The overall characteristics of the eight studies that met the criteria for inclusion are shown in
Table 2. Of these, one was added by a manual search [6]. Over 500 000 patients (7 =504
836) were included. With the exception of one study [4], all reported receiving funding from
government agencies, pharmaceutical companies or both. Three studies were conducted in
the USA [4,6,9], one in Australia [3], one in the Netherlands [2], one in Finland [5] and two
in England [7,8]. Two studies used a prospective cohort design [3,5], one used a nested
case—control study design [7], three used a longitudinal design [4,8,9], one used a historical
cohort design [2] and one pooled data from three prospective cohort studies [6].

Risk of bias assessment

The risk of bias assessment is shown in Figure 2. On the basis of the decision rules for
assessing the risk of bias, it was found that overall, the Results, Discussion, and Other
Information sections had a low risk for bias. Of the eight observational studies assessed,
only one did not provide information regarding funding [4]. Another study did not mention
how they handled missing data or whether sensitivity analysis was conducted [2], whereas
another did not mention the generalizability of findings when interpreting the results [3].
Four [2—5] of the eight studies did not provide adequate methods information for one or
more of the following: sensitivity analysis, potential sources of bias and handling of missing
data. Two studies did not adequately describe the design of the study in the title and/or
abstract [2,8], whereas two others [6,9] were considered to be at a high risk of bias because
adequate scientific background was not provided in the introduction section of the report.

Synthesis of results

Figure 3 shows the pooled OR results with different dosing levels reported separately for the
Kivimaki et al. (2010) study [5]. As can be seen, the odds of developing new-onset diabetes
were statistically significant, with antidepressant users 59% more likely than non-
antidepressant users to develop new-onset diabetes. A large amount of heterogeneity was
observed. When different dosing levels from the Kivimaki et al. (2010) [5] study were
collapsed into one OR, results remained statistically significant with a large amount of
heterogeneity (Figure 4). Visual inspection of the funnel plot shown in Figure 5 suggested
no presence of publication bias. In addition, quantitative assessment using Egger’s
regression test found no statistically significant presence of publication bias (o= 0.69).
Furthermore, no studies needed to be imputed using the Trim and Fill method, suggesting
that no publication bias was present.

Figure 6 shows the pooled HR results with the three studies used by Pan et a/. reported
separately [6]. As can be seen, there was a 20% higher likelihood for antidepressant users to
develop new-onset diabetes. Heterogeneity was small. Study level results collapsing the
three studies used by Pan et al. [6] are shown in Figure 7. As can be seen, HR revealed that
antidepressant users, when compared with non-antidepressant users, had a statistically
significant 19% higher likelihood of developing new-onset diabetes (Figure 7).
Heterogeneity was considered to be small. Visual inspection of the funnel plot shown in
Figure 8 suggested no presence of publication bias. In addition, quantitative assessment
using Egger’s regression test found no statistically significant presence of publication bias (p
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= 0.58). Furthermore, although the Trim and Fill method resulted in one imputation, results
were similar to the original findings (HR = 1.18, 95% Cl, 1.07-1.31).

Sensitivity analyses results using the leave-one-out method (influence analysis) is shown in
Table 3. As can be seen, the 95% CI included the value of 1 when the Kivimaki ef a/. (2010)
[5] and Andersohn et a/. (2009) [7] studies were removed from the OR models. Similarly,
the 95% ClI included the value of 1 when the Pan et a/. (2011) [6] study was excluded from
the overall HR model. Furthermore, sensitivity analysis based on the individual
antidepressant categories revealed that SSRIs (pooled OR = 1.34, 95%Cl, 1.02-1.77) and
TCAs (pooled OR = 1.30, 95%Cl, 1.07-1.58) were 34% and 30%, respectively, more likely
to be associated with new-onset diabetes. The ‘other’ antidepressant category was not
significantly associated with new-onset diabetes (Table 4).

Discussion

The current study assessed the association between antidepressant use and new-onset
diabetes. To the best of the authors” knowledge, this is the first aggregate data meta-analysis
to evaluate new-onset diabetes among antidepressant users. On the basis of the pooled
analysis of OR and HR, it was found that antidepressant use increased the likelihood of new-
onset diabetes. This finding is consistent with a three-arm randomized controlled trial that
also found a significant association between antidepressant use and risk of new-onset
diabetes [1].

Several factors may help support the association between antidepressant use and the risk of
new-onset diabetes. For example, because it is well-documented that serotonin regulates
glucose homeostasis and that antidepressant use increases the transmission of serotonin,
there may be an altering in the regulation of glucose and a subsequent increase in the risk for
new-onset diabetes [20,21]. In addition, hyperglycemia induced by antidepressant utilisation
has been observed in animal studies involving mice and rats [22—26]. The blocking of
insulin signals may lead to cellular insulin resistance [24], which in turn may increase the
risk for developing diabetes. It has also been proposed that the hypothalamo-pituitary-
adrenal axes are associated with antidepressant-induced hyperglycemia [26]. Antidepressant
use has been associated with hypercortisolemia, which may lead to insulin resistance and
subsequent hyperglycemia [27]. Moreover, both short-term and long-term uses of some
antidepressants have been associated with weight gain [28], and increases in weight are
associated with an increase in the risk of diabetes [29,30]. Insulin resistance and insulin
secretion are two important factors that explain diabetes development and different receptors
are involved, which mediates these factors [31]. Antidepressants have a high affinity towards
the Hy and 5-HT,C receptors known to influence insulin resistance and weight gain [32];
antidepressants also have an affinity towards M3 muscarinic receptors that play a pivotal role
in the regulation of insulin secretion [32].

Of the eight studies included in the meta-analysis, five (62.5%) reported a statistically
significant association between antidepressant utilisation and new-onset diabetes [5—9],
whereas the other three (37.5%) did not [2—4]. One possible explanation for the discrepant
findings between studies may be related to the different methods used to determine new-
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onset diabetes. For example, Knol and colleagues [2] identified diabetes with a prescription
for any glucose lowering drug. This definition may have misclassified those individuals with
diabetes and without any prescription for glucose lowering drugs as individuals without
diabetes. Consequently, this study may have underestimated the humber of antidepressant
users with new-onset diabetes. The prospective study by Atlantis and colleagues [3] found
that depressive symptoms rather than antidepressant use was associated with new-onset
diabetes. Their findings could be partially explained by that fact that they measured
antidepressant use at baseline but did not provide the duration and dose of antidepressant
usage. Similarly, Wilkins and Sambamoorthi [4] did not only find an association between
antidepressant use and new-onset diabetes but also lacked information on the duration and
dose of antidepressant use. In addition, Wilkins and Sambamaoorthi [4] used a short follow-
up period (12 months). Duration and dosage may be important because studies that found a
significant relationship between antidepressant use and new-onset diabetes all included
either duration or dosage of antidepressant use.

The summary findings from the meta-analysis have significant implications for expanding
antidepressant use and using antidepressants for persistent depression. For example, the
workgroup on depressive disorders of Diagnostic and Statistical Manual of Mental
Disorders-5 (DSM-5) has been considering definitional changes to diagnosed depression.
Specifically, using DSM-1V, depressive symptoms in individuals who were in bereavement
were classified as normal. However, using DSM-5, these individuals can be classified as
having a major depressive disorder [33]. This inclusive definition of depression has been a
matter of great debate because it might result in increasing the number of individuals with
depression, leading to an increase in the use of antidepressants. Because evidence from this
meta-analysis suggests a significant association of antidepressant use with new-onset
diabetes, increased antidepressant use by a large number of individuals who are otherwise
healthy might increase the incidence of diabetes.

Some of the studies in our systematic review suggested a relationship between duration of
antidepressant use and new-onset diabetes. Recent studies have suggested that depression
tends to be persistent [34] and treatment of depression with antidepressants can fail in many
individuals [35]. Findings from the first ever randomized trial of depression care in real
world practice settings revealed that depression remains persistent in at least 25% of
individuals [36] and the odds of overcoming depression was reduced as the number of failed
treatments increased [37]. As the duration of antidepressant use increases, it is possible that
the risk of developing diabetes may also increase.

Existing literature suggests that depression is an independent risk factor for diabetes over
and above different potential confounding factors, including demographic characteristics
such as sex, age, race/ethnicity, socioeconomic status, education, health services utilisation,
psychiatric disorders and body weight [38,39]. A recent meta-analysis found that depression
was associated with a 37% increased risk of new-onset diabetes [40]. In the current meta-
analysis, only three studies controlled for depression or depressive symptoms [4,5,9], with
two [5,9] of the three reporting a statistically significant association between antidepressant
use and new-onset diabetes. The former notwithstanding, the significant association between
antidepressant utilisation and new-onset diabetes could have been mediated by the presence
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of depression in the other included studies [2,3,6—8]. This mediating relationship is
important because the depression rather than antidepressant utilisation may have affected
new-onset diabetes. If this is true, then the clinical focus should probably be on preventing
depression rather than reducing antidepressant use.

The results of this meta-analysis may also be especially timely given the increasing use of
antidepressants. For example, a recent study reported a 13% increase between 1996 and
2007 in the proportion of visits in which antidepressants were prescribed without any
psychiatric diagnoses [41]. Even in patients with depression, the results from a meta-
analysis of four different efficacy trials with antidepressants showed that antidepressants
were only marginally efficacious as compared with placebo. The Sequenced Treatment
Alternatives to Relieve Depression trial, the largest antidepressant effectiveness trial ever
conducted, showed less than modest remission rates [42]. Thus, clinicians should be
cautious in the prescription of antidepressants.

The statistically significant and positive association between antidepressant medication use
and new-onset diabetes became non-significant on exclusion of two studies [5,7] in the OR
model. The HR model also gave similar results on removal of the Pan et a/. 2011 [6] study. It
is noteworthy that each of these studies had the highest weights as estimated by the inverse
weighting technique. The loss of statistical significance on removal of studies with the
highest weights could be explained by the loss of precision resulting from the exclusion of
these studies. Upon removal of the Kivimaki ef a/. (2010) [5] study, it was observed that the
between-study heterogeneity increased slightly from 76.2% to 78% and the sample size was
reduced by 5085 individuals. Similarly, removal of the Andersohn et a/. (2009) [7] study
increased between-study heterogeneity and lowered the sample size, thus resulting in higher
standards errors and lower precision. Removal of the Pan et a/. (2011) [6] study from the HR
model also led to similar results. Thus, the large sample sizes of these studies as compared
with other studies in the models might have led to lack of robustness in the estimates. In
addition, sensitivity analysis using individual categories of antidepressant drugs revealed that
SSRIs and TCAs are associated with higher risks of developing new-onset diabetes. This can
be attributed to the fact that both short-term and long-term uses of some of the individual
antidepressant drugs such as amitriptyline (TCA), paroxetine (SSRI) and fluvoxamine
(SSRI) have been shown to be associated with weight gain, which in turn might increase the
risk of developing diabetes [7].

Our study findings have implications for diabetes prevention efforts. The significant
association between antidepressant use and diabetes suggests that prevention strategies may
need to include a thorough assessment of the diabetes risk profile as part of screening efforts
among individuals initiating antidepressant use as well as continued monitoring of
antidepressant users for diabetes risk. For those who have already been exposed to
antidepressant use, developing and testing new interventions to prevent diabetes may
become part of the tool-kit in preventing diabetes.

There were a number of strengths of the current meta-analysis. For example, a large number
of participants from each study were included. In addition, the relationship was studied with
a wide-range of follow-up (1-18 years). Furthermore, analyses were based on studies from
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several different countries. Thus, the risk of country bias may have been minimized.
Although there were several strengths to this meta-analysis, the results also need to be
viewed with respect to the following potential limitations. First, because only observational
studies were included in the analysis, a cause-and-effect relationship could not be
established. Second, there was a large amount of heterogeneity between studies. Third,
influence analysis showed that the results were not robust when several of the studies were
excluded from the overall models. Fourth, different studies have taken into account different
sets of risk factors of diabetes and hence, the point estimates obtained by pooling the data
might be slightly biassed as all the different risk factors were not adjusted together. The
former notwithstanding, this is the first aggregate data meta-analysis to our knowledge that
has evaluated the risk of new-onset diabetes with antidepressant use. Consequently,
summary evidence from a quantitative systematic review is now available.

In conclusion, our overall results suggest that antidepressant use is associated with an
increased risk for new-onset diabetes in adults. However, because a cause-and-effect
relationship cannot be established with observational studies, future long-term randomized
controlled studies are needed to confirm this association. Several different factors such as
depressive symptoms, persistent depression, duration and dosage of antidepressant use, type
of antidepressants, lifestyle risk factors (including pre-diabetes) and other potential
mediating factors should be considered in those studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Forest plot of included studies with odds ratio (group level)
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Begg's funnel plot with pseudo 95% confidence limits
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Figureb.
Funnel plot for assessing publication bias of studies with odds ratio
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Forest plot of included studies with hazards ratio pooled (group level)
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Forest plot of included studies with hazards ratio pooled (study level)
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Figure8.
Funnel plot for assessing publication bias of studies with hazards ratio
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Table 1

Decision rules for risk of bias using Strengthening the Reporting of Observational Studies in Epidemiology

Part

Decision rule

Title and abstract

Introduction

Methods

Results

Discussion

Other information

If the design of the study is not mentioned in the title and/or abstract and/or an adequate summary is not provided, then it
is high risk. If addressed, then is it low risk.

If the objective of the study is not clearly specified and proper study rationale not given, then it is high risk. If addressed,
then it is low risk.

If explicit mention is not made of the study design, setting, participants, variables, data source, bias, statistical methods
used, study size and sensitivity analysis, then it is high risk. If all addressed, then it is low risk.

If adequate information is not provided with respect to participant numbers, characteristics of study participants, outcome
data, main results, other analyses, then it is high risk. If all addressed, then it is low risk.

If there is not a proper summary of key findings, discussion of limitations, cautious interpretation of results and
generalizability explained, then it is high risk. If addressed, then it is low risk.

If no explicit mention of funding source, then it is high risk. If addressed, then it is low risk.
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Table 3

Influence analysis.

Study omitted Estimate 95% CI
OR 1.69 0.99-2.9
Andersohn et al. 2009
Kivimaki et al. 2010 1.44 0.94-2.21
Kivimaki et al. 2011 1.31 1.01-1.69 "
Wilkins et al. 2011 1.73 1.13-2.67%
HR 118 108-13"

Atlantis et al. 2010

Knol et al. 2007 1.23 1.1-1.38%
Ma et al. 2011 1.15 1.03-1.28%
Pan et a/, 2011 1.22 1.0-1.49

OR, odds ratio; HR, hazards ratio; 95% ClI, 95% confidence interval.

Statistically significant (CI does not include 1.0).
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