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Abstract Published articles reported controversial results

about the association between leisure-time physical activity

(LTPA) and risk of type 2 diabetes. A meta-analysis of

prospective cohort studies was conducted to explore the

effect of LTPA on the incidence of type 2 diabetes.

PubMed and Embase databases were searched from its

inception to June 13, 2014. Fixed or random effects models

were used to calculate the pooled effect sizes based on

between-study heterogeneity that was examined by the

Q test and I2 statistic. A total of eight studies, including

296,395 participants and 10,815 incident cases, were

included in this study. Both high-level LTPA [high vs. low:

hazard ratio (HR) 0.69, 95 % confidence interval (CI)

0.61–0.78] and moderate-level LTPA (moderate vs. low:

HR 0.79, 95 % CI 0.70–0.89) were associated with

decreased incidence of type 2 diabetes. In conclusion,

LTPA was significantly associated with decreased risk of

diabetes; high-level LTPA is more beneficial in decreasing

the incidence of type 2 diabetes than moderate-level LTPA.
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Introduction

The number of patients with diabetes worldwide has more

than doubled during the past 20 years [1]. The economic

cost of diabetes is enormous and is destined to increase

with the increasing number of diabetes. In 2010, global

health expenditure attributed to diabetes was estimated to

be $376 billion, which made up 12 % of all global health

expenditure, and by 2030, the estimated global health

expenditure attributed to diabetes is expected to increase by

30–34 % from 2010, reaching $490–893 billion [2].

Besides, complications of diabetes, particularly renal and

cardiovascular diseases, substantially increase the risk of

subsequent severe illness and death [3].

Physical activity is one of the most important modifiable

factors in the primary prevention of non-infectious chronic

diseases. The overall incidence of diabetes could be

reduced by 58 % by physical activities as well as diet

control in population at high risk for diabetes [4]. Leisure-

time physical activity (LTPA) is an important component

of physical activity and a widely accessible, inexpensive,

effective intervention to control and prevent disease.

Therefore, it is of practical importance to understand the

association between LTPA and type 2 diabetes in taking

measures to reduce the prevalence of type 2 diabetes.

Many prospective studies have investigated the relation-

ship between LTPA and type 2 diabetes [5–12]. However,

the findings have been inconsistent, and there has not been a

systematic review of the relationship between LTPA and

type 2 diabetes. A meta-analysis conducted in 2007 showed

an inverse association between physical activity of moderate
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intensity and the risk of type 2 diabetes, but it did not dis-

tinguish the types of physical activity, and it focused on total

physical activity instead [13]. In addition, many articles

exploring the association between physical activity and type

2 diabetes have been published since 2007; thus it is nec-

essary to update the study results. We systematically

reviewed the literature to determine the relationship between

LTPA and type 2 diabetes.

Methods

The meta-analysis of observational studies in epidemiology

guidelines were followed for the current study [14].

Search strategy

The PubMed and Embase databases were searched from its

inception to June 13, 2014 to identify all relevant literature.

MeSH terms and entry terms about the topic were used:

(physical activity OR physical activities OR motor activity

OR motor activities OR exercise OR exercises OR walking

OR energy expenditure) AND (type 2 diabetes OR T2DM)

AND (cohort study OR prospective study OR longitudinal

study OR follow-up study). The subjects of studies were

defined as humans, and the languages of articles were

limited to English and Chinese, because the reviewers are

fluent in both of these languages. Reference lists of all

included studies and review articles were manually

reviewed to identify additional studies.

Inclusion criteria

A study must meet the following criteria for inclusion in

the analysis: (1) prospective cohort study; (2) exposure of

interest being different levels of LTPA; (3) outcome of

interest being type 2 diabetes; (4) study population com-

prising healthy people without history of type 2 diabetes;

(5) analysis duly adjusted for confounding factors; and (6)

hazard ratio (HR) or relative risk (RR) with 95 % confi-

dence interval (CI; or data to calculate them) being

reported. If multiple articles were published from the same

cohort, the most informative report was included.

Based on the included studies, boundaries of different

levels of LTPA were also summarized. Studies reporting

different levels of LTPA with regard to boundaries were

excluded.

Data extraction and quality assessment

The following items were extracted for each study: name of

the first author, year of publication, study area (country),

duration of follow-up, characteristics of cohort population,

number of caseswith type 2 diabetes,measurement of LTPA,

adjustment for potential confounding factors, and estimates

of associations. LTPA was categorized into three levels for

studies that reported C3 levels of PA: the lowest category

was defined as low-level LTPA (reference group), the

highest category as high-level LTPA, and all categories in

between were pooled to represent moderate-level LTPA

[15]. LTPAwas categorized into high level and low level for

studies that reported two levels of LTPA. For each selected

study, theHR (95 %CI) or RR (95 %CI) values for the high-

versus the low-level LTPA group and for the moderate-

versus the low-level LTPA group were extracted [16].When

multiple effect estimates for LTPApresented, lifetimeLTPA

data or the most recent LTPA data were used. The New-

castle-Ottawa Scale was used to assess the quality of inclu-

ded studies, as recommended by the Cochrane Non-

Randomized Studies Methods Working Group [17]. Litera-

ture review, data extraction, and quality assessment were

performed by two independent investigators (P.H. andH.H.).

Any disagreement was settled by discussion.

Statistical analysis

The pooled HR with its corresponding 95 % CI was cal-

culated by pooling the adjusted HR of each study to assess

the association of LTPA with the risk of type 2 diabetes.

Heterogeneity among studies was assessed using the Q test

and the I2 statistic [18]. I2 describes the percentage of total

variation because of between-study heterogeneity rather

than chance. In the presence of substantial heterogeneity

(I2[ 50 %), the DerSimonian and Laird random effects

model (REM) was adopted as the pooling method; other-

wise, the inverse variance fixed effects model (FEM) was

applied as the pooling method [19]. Since several studies

only provided HRs of subgroups by sex or race, etc., the

overall HR for each study was calculated using REM or

FEM based on heterogeneity between subgroups. Meta-

regression was conducted to explore the possible sources of

between-study heterogeneity. Publication bias was esti-

mated using funnel plot and modified Egger linear

regression test [20]. All statistical analyses were performed

with STATA version 11.0 (StataCorp LP, College Station,

TX). All tests were 2-sided, and a P value \0.05 was

considered statistically significant.

Results

Characteristics of studies

We identified 1789 potentially relevant articles, of which

eight studies ultimately met the inclusion criteria (Fig-

ure S1 in the online supplement). The total population of
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the included studies was 296,395 persons, who were ini-

tially free from type 2 diabetes, and 10,815 persons

developed type 2 diabetes during follow-up. The follow-up

duration ranged from 5.1 to 28 years, and the median

duration of follow-up was 10.4 years. All included studies

reported the effect of high-level LTPA on risk of type 2

diabetes [5–12] and five reported the effect of moderate-

level LTPA [5, 7–11]. One study involved men only [11],

three involved women only [7–9]; two studies involved

both men and women and reported sex-specific results [6,

12]; and two studies involved both men and women but did

not report sex-specific results [5, 10]. Three studies defined

type 2 diabetes as physician-diagnosed diabetes [7, 9, 11],

one study defined type 2 diabetes as use of antidiabetic

medication [8], two studies ascertained type 2 diabetes

from a national or hospital medication registry [5, 10], one

study defined type 2 diabetes by self-report [12], and one

study defined type 2 diabetes by self-report or from hos-

pital record [6]. Four studies were conducted in North

America [7–9, 11] and four in Europe [5, 6, 10, 12]. Total

stars (Table S3 in the online supplement) indicate the

quality of the studies assessed by the Newcastle-Ottawa

Scale and the maximum score was nine. One study was

scored nine stars [12]; two studies were scored eight stars

[5, 6]; two studies were scored seven stars [9, 11]; two

studies were scored six stars [7, 8]; and one study was

scored five stars in quality assessment [12]. The results of

all included studies were adjusted for potential confound-

ing factors (Table S1 in the online supplement). Other

characteristics of included articles, such as statistics used to

estimate HR, type 2 diabetes measurement, and definition

of PA levels, are also provided in Table S2 in the online

supplement. Boundaries of different levels of LTPAs are

summarized in Table S4 in the online supplement; studies

with a little difference in the levels of LTPA with regard to

the boundary, such as reference 11, were not removed from

analysis after discussion.

LTPA and risk of type 2 diabetes

The association between moderate-level LTPA and risk of

type 2 diabetes compared with low-level LTPA is shown in

Fig. 1. There was heterogeneity between five studies

(PQ = 0.058; I2 = 56.2 %), and REM was used. The

overall result showed that moderate-level LTPA was

associated with decreased risk of type 2 diabetes compared

with the reference group with low-level LTPA (HR 0.79;

95 % CI, 0.70–0.89). Figure 2 showed the association

between high-level LTPA and risk of type 2 diabetes

compared with low-level LTPA. There was heterogeneity

between eight studies examining high-level LTPA and risk

of type 2 diabetes (PQ = 0.014; I2 = 60.2 %); therefore,

REM was used to pool the HR. The result of the meta-

analysis showed that high-level LTPA decreased the risk of

type 2 diabetes compared with low-level LTPA (HR 0.69;

95 % CI 0.61–0.78).

Although there is an overlap between the HR (95 % CI)

of moderate-level LTPA and that of high-level LTPA, the

HR of moderate-level LTPA is larger than that of high-

level LTPA as a whole.

Exploration of the heterogeneity source

Exploratory univariate meta-regression was performed with

the introduction of follow-up duration (C10 vs.\10 years),

study area (North America, Europe, and Oceania), definition

of LTPA (MET h/week, kcal/week, h/week), publication

year, and outcomes of estimation methods (HR, RR). The

results of meta-regression indicated that the follow-up

duration was the main source of heterogeneity in high-level

LTPA (meta-regression coefficient, 0.26; 95 % CI

0.09–0.43; P = 0.01). However, no variable was identified

to be the source of heterogeneity in moderate-level LTPA.

Publication bias evaluation

The shape of the funnel plot assessing publication bias was

roughly symmetrical for high-level LTPA. No publication

bias was detected by Egger test for high-level LTPA

(P = 0.685) and moderate-level LTPA (P = 0.063).

Discussion

To the best of our knowledge, this is the first meta-analysis

of prospective cohort studies investigating the association

between LTPA and development of type 2 diabetes. This

meta-analysis included eight studies with a total population

of 296,395 and 10,815 diabetes cases identified during

follow-up. The results of this study suggested that high-

level LTPA might reduce the incidence of diabetes by

22–39 %, while moderate LTPA might reduce the inci-

dence of type 2 diabetes by 11–30 %.

The mechanism between LTPA and type 2 diabetes is

complex. LTPA may decrease the incidence of diabetes in

several ways. One possible mechanism is through weight

loss. LTPA aids in body weight loss, while obesity may

increase the risk of type 2 diabetes through induction of

insulin resistance [21]. Another potential mechanism may

be increasing insulin sensitivity and glucose uptake after

exercise. Physical activity was reported to increase insulin-

stimulated glycogen synthesis by increasing the number of

Glucose transporter 4 (GLUT-4) in the plasma membrane

and the activity of hexokinase II and glycogen synthase

[22]. In addition, Park et al. found that exercise ameliorates

glucose homeostasis via Ca2? signals, which regulate
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GLUT-4 translocation [23]. It is also possible that people

engaged in more LTPA may be more conscientious about

their health and also eat healthier, while diet has been

identified to be associated with type 2 diabetes [24, 25].

Previous studies and meta-analyses have also found that

regular LTPA was associated with other diseases, including

hypertension, cardiovascular disease as well as metabolic

syndrome [16, 26, 27]. By comparing the results of these

Fig. 1 Fixed effect meta-analysis of the association between moderate-level LTPA and risk of type 2 diabetes. CI confidence interval, HR hazard

ratio

Fig. 2 Random effect meta-analysis of the association between high-level LTPA and risk of type 2 diabetes. CI confidence interval, HR hazard

ratio
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studies, we concluded that the effect of LTPA in prevent-

ing type 2 diabetes was more obvious than in the other

diseases. Regular LTPA should be promoted to prevent

diabetes as well as other chronic diseases.

This meta-analysis had several major strengths. First, all

included studies were prospective cohort studies, which

investigated the causal inference between LTPA and type 2

diabetes and provided a strong case of credibility due to their

methodological strengths. Second, the statistical power of

this study was considerably high because of the large sample

size. Third, confounding bias was reduced, since all included

studies were adjusted for confounding factors. There were

also some limitations of this meta-analysis. First, only

English and Chinese articles were searched for inclusion;

eligible articles in other languages were not included in the

analysis, which may influence the pooled estimated value.

Second, possible bias from the pooling of HR and RR should

be noted even if it was not significant in the meta-regression.

HR was calculated by Cox proportional hazards models,

while RR was estimated based on pooled logistic regression.

Different statistical methods may result in the bias of the

pooled result. Third, we were unable to determine a dose–

response association between LTPA and the incidence of

type 2 diabetes, since different units, such as MET h/week,

kcal/week, h/week, were used to quantify physical activity.

In conclusion, the results of this meta-analysis suggested

that LTPAwas significantly associated with a decreased risk

of type 2 diabetes, and high-level LTPA is more beneficial in

decreasing the incidence of type 2 diabetes than moderate-

level LTPA. Therefore, it is worthy of increasing LTPA as a

widely accessible and inexpensive intervention to prevent

type 2 diabetes.
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