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OBJECTIVEdThe association between habitual physical activity (PA) and lowered risk of all-
cause mortality (ACM) and cardiovascular disease (CVD) has been suggested in patients with
diabetes. This meta-analysis summarizes the risk reduction in relation to PA, focusing on clar-
ifying dose-response associations.

RESEARCHDESIGNANDMETHODSdElectronic literature searches were conducted
for cohort studies that examined relative risk (RR) of ACM or CVD in relation to PA in patients
with diabetes. For the qualitative assessment, RR for the highest versus the lowest PA category
in each study was pooled with a random-effects model. We added linear and spline regression
analyses to assess the quantitative relationship between increases in PA and ACM and CVD
risk.

RESULTSdThere were 17 eligible studies. Qualitatively, the highest PA category had a lower
RR [95% CI] for ACM (0.61 [0.52–0.70]) and CVD (0.71 [0.60–0.84]) than the lowest PA
category. The linear regression model indicated a high goodness of fit for the risk of ACM
(adjusted R2 = 0.44, P = 0.001) and CVD (adjusted R2 = 0.51, P = 0.001), with the result
that a 1 MET-h/day incrementally higher PA was associated with 9.5% (5.0–13.8%) and 7.9%
(4.3–11.4%) reductions in ACM andCVD risk, respectively. The spline regressionmodel was not
significantly different from the linear model in goodness of fit (P = 0.14 for ACM risk; P = 0.60 for
CVD risk).

CONCLUSIONSdMore PA was associated with a larger reduction in future ACM and CVD
risk in patients with diabetes. Nevertheless, any amount of habitual PA was better than inactivity.
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Persons with diabetes have a 50–60%
higher risk of all-cause mortality
(ACM) and cardiovascular death than

those without diabetes, and cardiovascular
disease (CVD) remains the primary cause

of death in the U.S. among diabetic pa-
tients (1). Lifestyle modification, which
mainly focuses on controlling energy in-
take and increasing daily physical activity
(PA), is a major component of programs

to reduce cardiovascular risk factors that
coexist with diabetes in addition to phar-
macologic approaches (2).

Results of lifestyle alterations in con-
trolled settings, in particular exercise
interventions, have not yet been repli-
cated in primary care settings or in actual
daily life, as only a few studies have
indicated that such interventions have
contributed to reductions in incident
CVD (3,4). In addition, implementing su-
pervised exercise therapy often may be dif-
ficult due to the perceived high cost per
patient and the amount of time necessary
per patient for each session (5). Therefore,
exercise therapy is inevitably limited to
merely general recommendations rather
than interventions supervised by practi-
tioners. Quantitative evidence for PA-
related benefits is essential for practitioners
to prescribe self-management goals of a
specific PA volume for patients with diabe-
tes and to motivate patients to maintain
adherence to this prescription. The aim of
this meta-analysis is to clarify the rela-
tionship between habitual PA and future
ACM or incident CVD in patients with
diabetes, focusing on the dose-response
association.

RESEARCH DESIGN AND
METHODS

Search strategy
Weconducted electronic literature searches
(MEDLINE, 1950–2011 September;
EMBASE, 1974–2011 September) for co-
hort studies that investigated the relation-
ship between PA and ACM/CVD risk,
where study keywords were thesaurus
terms registered in MEDLINE (MeSH)
or EMBASE (EMTREE) and text words
related to diabetes, PA, ACM/CVD, and
text words related to cohort studies.
These key concepts were combined using
the Boolean operator “and.” Details of the
keywords are shown in Supplementary
Table 1. Reference lists from the identi-
fied articles were manually examined for
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relevant articles. No language restriction
was imposed.

Inclusion criteria
The initial inclusion criteria were as fol-
lows 1) prospective or retrospective co-
hort study without exercise intervention;
2) all subjects had diabetes; 3) ACM or
CVD was an independent study end
point; and 4) the effect measure (i.e., rel-
ative risk [RR] or odds ratio [OR]) and its
corresponding SE for high PA categories
compared with the lowest PA category in
each study were provided or could be cal-
culated.

Studies that included coronary heart
disease (CHD) but that did not include
stroke as an end point were also included
because CHD represents the greatest por-
tion of CVDs. If a study separately as-
sessed CHD and stroke risk in relation to
PA, we gave priority to data on CHD risk.
We also included studies if they consid-
ered fatal CVD but did not include non-
fatal CVD as an end point. However, if the
risk of CVD death and a CVD event were
separately investigated, priority was given
to the CVD event because a CVD event,
which includes both fatal and nonfatal
outcomes, is a broader concept. Similarly,
priority was given to CVD risk if a study
separately investigated both CVD and
CHD risk.

Any type of PA was considered. How-
ever, we selected the data on the wider
spectrum of PA if a study separately in-
vestigated two or more types of PA (e.g.,
total PA and leisure-time PA [LTPA],
LTPA and walking, etc.).

Data extraction
Two authors (S.K. and H.So.) indepen-
dently extracted key study characteristics.
Disagreement was solved by discussion.
The effect measure in each study was ex-
tracted or, if not directly provided, calcu-
lated based on data on the number of
cases and noncases in referent (i.e., lowest
PA category) and nonreferent (i.e., other
PA categories) groups. We considered the
OR as an indicator of RR based on the
assumption that the OR is an approxima-
tion of the RR, although this assumption
has some limitations (6). If a study pro-
vided several effect measures, such as un-
adjusted and adjusted effect measures,
the most completely adjusted effect mea-
sure was used.

For assessment of study quality, we
selected the five relevant items, which
were formed as questions, from the 16
components in the study quality assess-

ment guidelines proposed by Powell et al.
(7) and modified them as follows 1) Is the
instrument for measuring PA validated?
2) Does PA allow quantification? 3)
Were the outcomes determined by the
specified criteria when the patient’s med-
ical record was considered to have infor-
mation on the specific outcome for that
patient while other sources of information
such as registries for study outcomes,
death certificates, or the patient’s self-
report did not? 4) Was the adjustment
for the confounders sufficient when “suffi-
cient adjustment” was defined as consider-
ing the following five classic cardiovascular
risk factors: age, sex, smoking, dyslipide-
mia (or LDL/total cholesterol level), and
hypertension? and 5) Were subjects that
were lost to follow-up excluded from the
analysis?

Data synthesis
We conducted separate meta-analyses for
ACM and CVD risk, but types of PA were
not separately analyzed. Generally, the SE
is provided for a logarithm of each risk
measure (log RR) rather than the risk
measure itself. Therefore, log RRwas used
as an expression of the effect size (i.e.,
strength of the association). The SE was
calculated from the CI or, if not pro-
vided, was calculated by the following
formula:

SE2 ¼ ½ 1
C1

þ 1

N1
� þ ½ 1

C0
þ 1

N0
�

where C0 and N0 indicate the number of
cases and noncases in the referent group,
respectively, and C1 and N1 indicate the
number of cases and noncases in the non-
referent group, respectively.

For qualitative assessment of PA ben-
efit for ACM and CVD risk, the log RR for
the highest versus the lowest PA category
in each study was pooled with an inverse
variance method. The pooled RR was
calculated by an exponentiation of the
pooled log RR. Study heterogeneity was
assessed by Q statistics or I2 overall and
within each strata after the stratification
(8). The pooled estimate was based on a
random-effects model if the between-
study heterogeneity was statistically sig-
nificant; otherwise it was based on a
fixed-effects model (9).

Stratified analyses were conducted on
the following study characteristics that we
identified on the basis of previously ex-
tracted data from the included studies:
study outcome (CVD/CHD only, fatal
only/both fatal and nonfatal), country

(U.S./non-U.S.), mean age (,60 years/
$60 years) (the cut-off value was a priori
determined because it approximated the
median of the mean age in each included
study in this meta-analysis), proportion
of men ($50%/,50%), mean BMI
(,27.8 kg/m2 [in men], ,27.3 kg/m2

[in women], ,27.5 [in men and women
combined]/$27.8 kg/m2 [in men],
$27.3 kg/m2 [in women], $27.5 [in
men and women combined]/not avail-
able) (10), validation of PA questionnaire
(no/yes), number of PA categories ($3/
,3 [i.e., dichotomized]), PA type (total
PA/LTPA/walking), PA quantification
(no/yes), methods for ascertainment of
outcome (self-report or questionnaire/
registry/medical record/combined), mean
follow-up duration ($10 years/,10
years), presence of lost to follow-up (no/
yes), and sufficient adjustment for classic
risk factors (no/yes). Meta-regression
analysis was used to test the differences
in RR among strata in the stratified
analysis.

Publication bias was primarily based
on visual assessment using a funnel plot,
where the SE of log RR for the highest
versus the lowest PA category in each
study was plotted against the log RR,
where it was assumed that if there was no
publication bias the plot would be sym-
metrical. Secondarily, goodness of sym-
metry was confirmed by statistical
assessment using two formal methods,
Begg rank correlation test and Egger re-
gression asymmetry test (11,12). For sta-
tistically suspected publication bias, the
trim and fill method was adopted to ad-
just the pooled risk (13). This method in-
cludes assumption of some unpublished
studies that cause the funnel plot to be
asymmetrical, plotting the data points so
that the funnel plot is symmetrical, and
recalculating the pooled risk estimates
based on the hypothesis that studies cor-
responding to these data points actually
had existed.

We added the quantitative assess-
ment of the relationship between PA and
ACM or CVD risk for studies that allowed
qualification of PA, where we assigned
point estimates of PA for each category by
extracting the mean level of daily PA. If
mean data were not provided, we alter-
natively used the midpoint of the upper
and lower boundaries in each category. If
the upper boundary of the highest PA
category or the lowest PA category was
not described, we assumed that the
breadth of PA in these categories was
equal to that of their closest PA category
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(14). To standardize the PA dose, we
used a common unit (MET-h), where 1
MET-h corresponds to energy expendi-
ture (EE) while sitting at rest for 1 h. For

example, a person who regularly walks 3
h/week at 3 METs of intensity has an EE
calculated as 3 3 3 = 9 MET-h/week. In
the study (15) that estimated the PA dose

in terms of kcal, PA was converted to
MET-h by dividing the product of the co-
efficient b = 1.05 and mean body weight
estimated from mean BMI, where we

Table 1dStratified analyses of pooled RR of ACM for high versus low PA

Number of
datasets* RR (95% CI) Q statistics I2 (%)

P value of
heterogeneity Meta-regression**

Total 13 0.60 (0.52–0.70) 45.0 73.3 ,0.001 d
Country
U.S. 8 0.59 (0.49–0.70) 16.9 58.6 0.02 Referent
Others 5 0.63 (0.47–0.84) 26.7 85.0 ,0.001 0.51

Mean age (years)
,60 8 0.67 (0.57–0.79) 21.3 75.8 ,0.001 Referent
$60 5 0.51 (0.42–0.61) 23.2 36.9 0.18 0.03

% men
$50 8 0.64 (0.54–0.76) 30.7 77.2 ,0.001 Referent
,50 5 0.50 (0.35–0.71) 12.5 68.0 0.01 0.27

Overweight***
No 6 0.50 (0.36–0.70) 15.9 68.5 0.007 Referent
Yes 7 0.64 (0.52–0.78) 27.9 78.5 ,0.001 0.25

Methods for ascertainment of diabetes
Self-reported 8 0.60 (0.50–0.72) 33.2 78.9 ,0.001 Referent
Registry 3 0.38 (0.13–1.17) 6.7 70.1 0.04 0.83
Doctor diagnosis 2 0.57 (0.44–0.75) 0.1 0.0 0.78 0.87

Type of diabetes
Type 1 2 0.20 (0.07–0.57) 0.1 0.0 0.70 0.04
Type 2 6 0.64 (0.55–0.75) 21.6 76.8 0.001 Referent
Nonspecified 5 0.55 (0.36–0.80) 17.3 76.8 0.002 0.57

Validation of PA questionnaire
No 4 0.62 (0.45–0.87) 10.9 72.5 0.01 Referent
Yes 9 0.59 (0.50–0.71) 34.0 76.5 ,0.001 0.66

Number of PA categories
$3 11 0.58 (0.48–0.69) 39.1 74.4 ,0.001 Referent
2 (i.e., category was dichotomized) 2 0.75 (0.66–0.86) 2.6 61.2 0.11 0.32

PA type
Total PA 7 0.63 (0.50–0.79) 35.1 82.9 ,0.001 Referent
LTPA 5 0.62 (0.54–0.70) 6.7 40.1 0.15 0.62
Walking 1 0.54 (0.33–0.88) d d d 0.69

Quantification of PA
No 7 0.61 (0.50–0.75) 26.2 77.1 ,0.001 Referent
Yes 6 0.58 (0.45–0.75) 16.7 66.0 0.01 0.63

Methods for ascertainment of mortality
Questionnaire or self-report 4 0.71 (0.66–0.76) 13.5 77.8 0.004 0.43
Registry 8 0.60 (0.51–0.70) 23.4 70.1 0.001 Referent
Combination of registry
and medical record 1 1.00 (0.66–1.52) d d d 0.12

Mean follow-up duration (years)
$10 5 0.58 (0.45–0.74) 20.3 80.3 0.00 Referent
,10 8 0.62 (0.51–0.76) 20.2 65.3 0.005 0.70

Presence of lost to follow-up
No 2 0.51 (0.44–0.58) 1.1 5.4 0.30 Referent
Yes 11 0.65 (0.57–0.75) 24.8 59.7 0.006 ,0.001

Adjustment for classic risk factors****
No 7 0.58 (0.43–0.78) 23.8 74.7 0.001 Referent
Yes 6 0.59 (0.49–0.70) 19.1 73.8 0.002 0.77

*Total number of studies was 12. One study (Moy et al. [15]) had two separate datasets by sex. **Represents test for significance of the study modification across
strata. ***Cut-off value was 27.8 kg/m2 for men, 27.3 kg/m2 for women, and 27.5 kg/m2 for men and women combined (10). ****Age, sex, blood pressure (or
hypertension), and total cholesterol level (or dyslipidemia) were specified as classic risk factors.
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assumed that 1 MET-h = 1.05 kcal/kg and
the mean height of men was 1.75 m and
that of women was 1.60 m. If PA was ex-
pressed as daily total EE (16), we assumed
that daily total PA is equal to total EE mi-
nus resting EE although, strictly speaking,
the estimated PA would be lower than the
actual PA due to ignoring the resting met-
abolic rate during exercise.

When a study expressed PA as a
specific activity (e.g., walking, gardening,
etc.) and its duration, we defined the
intensity of the activity according to the
globally used compendium of PAs by
Ainsworth et al. (17): gardening, 5.5
METs; cycling, 7.5 METs; lifting, 6
METs; swimming, 6 METs; aerobics, 5.5
METs; jogging, 7.3 METs; golf, 4.8METs;
basketball, 6.5 METs; tennis, 5.5 METs;
and brisk walking, 4.3 METs. This com-
pendium (17) defines the intensity of
light, moderate, and vigorous PA as ,3,
3–6, and.6METs, respectively.We con-
verted the point estimates of intensity of
these PAs into 1.5, 4.5, and 7.5 METs.

Firstly, we assumed a log-linear re-
lationship between PA and ACM and
CVD risk and adopted weighted, least-
squared regression models. Secondly, we
added the restricted cubic spline regres-
sion model for further investigation of the
shape of the relationship. In thesemodels,
the log RR for each nonreferent group was
regressed on the higher PA dose com-
pared with the lowest PA category. Data
were analyzed using STATA software
version 12 (StataCorp, College Station,
TX). Two-sided P, 0.05 was considered
as statistically significant except for the
test of publication bias, in which the level
of significance was P , 0.10 (18).

RESULTS

Literature search
Supplementary Fig. 1 shows details of the
literature search. Of 4,815 articles re-
trieved from the combination of MED-
LINE and EMBASE electronic literature
searches, 17 studies (15,16,19–33) met
the prespecified inclusion criteria. Only
one study (20) was a retrospective cohort
study and in only one study (15) did all
patients have type 1 diabetes. Neverthe-
less, these studies were included in this
meta-analysis.

Supplementary Table 2 shows the de-
tails of the characteristics of the 17 in-
cluded studies of which 13 and 12
assessed ACM and CVD risk, respectively.
Ten studies (15,16,21,24–26,29,31–33)
validated the instrument for measuring

PA, and quantification of PA was allowed
in seven studies (15,16,24,25,29,31,33)
of which six (15,16,25,29,31,33) and
five (24,25,29,31,33) studies assessed
ACM and CVD risk, respectively. Only
two studies (27,31) exclusively used
medical records for ascertainment of
CVD. None of the 13 studies evaluating
the risk of ACM used medical records.
Only four studies (20,22,25,26) excluded
patients who were lost to follow-up. Al-
though the consideration of confounders
varied among studies, less than half of
the included studies (eight studies)
(19,21,24–26,29,31,33) adjusted the
effect measure for all of the five follow-
ing classic CVD risk factors: age, sex,
smoking, dyslipidemia, and hypertension.
The details of the confounding factors in
each study are shown in Supplementary
Table 3.

Qualitative assessment of the
association of high PA with ACM and
CVD risk
Of the 17 included studies, 13 and 12
assessed ACM and CVD risk, respectively.
In two studies that assessed the risk of
ACM and CVD, the same patients were
investigated (25,26). We chose one of
these studies (26) for the qualitative anal-
ysis because it assessed total PA while the
other study (25) examined the risk of
ACM and CVD according to several types
of PA. However, we used the latter study
(25) for the subsequent quantitative anal-
ysis because it allowed quantification of
PA while the former (26) did not. One
study (15) that investigated ACM risk
had two datasets since men and women
were analyzed separately. Finally, the
number of available datasets for ACM
and CVD risk in relation to high PA was
13 and 11, respectively.

Figure 1 is a forest plot for ACM and
CVD risk in relation to high PA in patients
with diabetes. The definition of the highest
and lowest PA varied among studies. The
pooled RR (95% CI) of ACM and CVD
was 0.60 (0.52–0.70) and 0.71 (0.60–
0.84), respectively. Between-study het-
erogeneity in the log RR was highly
significant (P , 0.001 for ACM risk;
P , 0.001 for CVD risk. However, the
risk measure was below 1 except for
two studies [28,29]).

Table 1 (ACM risk) and Table 2 (CVD
risk), respectively, show the results of the
stratified analyses for the key study char-
acteristics and of the meta-regression
analyses testing the significance for the ef-
fect of the characteristics on the magnitude

of the risk measure for the highest versus
lowest PA group in patients with diabetes.
The lower risk associated with high PAwas
remarkable in studies that excluded dia-
betic patients who were lost to follow-up
for both ACM and CVD risk (P , 0.001
and P = 0.006, respectively). Additionally,
ACM risk was lower in studies with a rela-
tively older population (mean age $60
years) (P = 0.03), and CVD risk was lower
in studies with adjustment for classic CVD
risk factors (P = 0.003). However, lower
risks of ACM and CVD were consistently
observed throughout all strata with each
study characteristic.

Statistically significant publication
bias was suspected for ACM risk (P =
0.04 for the Begg and Egger tests) while
it was not for CVD risk (Begg test, P =
0.39; Egger test, P = 0.24). The visual fun-
nel plot as shown in Supplementary Fig. 2
also suggested publication bias that tended
to overestimate the lower risk of ACM
associated with the high PA due to missing
studies showing a nonsignificant associa-
tion that should have been published.
Therefore, we tried to detect the predicted
missing studies and adjusted for the
publication bias using the trim and fill
method as described in RESEARCH DESIGN

AND METHODS. However, ACM risk was
not changed after the adjustment be-
cause of insufficient statistical power
to detect these hypothetical missing
studies.

Dose-response relationship between
PA and ACM or CVD risk
Figure 2 illustrates the linear and spline
regression curves describing the loga-
rithm of ACM and CVD risk against the
higher weekly PA in terms of MET-h in
patients with diabetes. The linear regres-
sion model had high goodness of fit for
the risk of ACM (adjusted R2 = 0.44, P =
0.001) and CVD (adjusted R2 = 0.51, P =
0.001), with the result that a 1MET-h/day
incrementally higher PA was associated
with 9.5% (95% CI, 5.0–13.8%) and 7.9
(4.3–11.4) reductions in ACM and CVD
risk, respectively. Spline regression curves
also indicated high goodness of fit for
the risk of ACM (adjusted R2 = 0.60,
P = 0.003) and CVD (adjusted R2 = 0.57,
P = 0.01). The spline curve showed the
tendency of an accelerated risk reduction
for ACM and attenuated risk reduction
for CVD with a high PA dose. However,
the goodness of fit was not significantly
different between linear and spline mod-
els (P = 0.14 for ACM risk; P = 0.60 for
CVD risk). For consideration of the
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influence of the PA type, we additionally
conducted multivariate linear and spline
regression where both the higher PA dose
and the PA type (i.e., total PA, LTPA, or

walking) were entered as independent var-
iables. However, results after adjustment
for the PA type were unchanged (data not
shown).

CONCLUSIONSdAccording to the
report of the International Association
for the Study of Obesity (34), the PA level
that was defined as the ratio of average

Figure 1dPooled risk with 95% CI of ACM (A) and CVD risk (B) for the highest vs. the lowest PA in patients with diabetes. Point estimates in each
study and the overall risk measure are indicated in circles and diamonds, respectively. Horizontal lines indicate the range of 95% CI. Areas of the
square are proportional to the study weight (i.e., inverse of variance).
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Table 2dStratified analyses of pooled RR of CVD

Number
of studies RR (95% CI) Q statistics I2 (%)

P value of
heterogeneity Meta-regression*

Total 11 0.71 (0.60–0.83) 34.1 70.6 ,0.001 d
Outcome of interest
CVD 7 0.65 (0.58–0.72) 11.4 47.2 0.08 Referent
CHD only 4 0.87 (0.79–0.95) 6.0 49.9 0.11 0.17

Nonfatal end point included
No 6 0.66 (0.53–0.83) 12.7 60.5 0.03 Referent
Yes 5 0.85 (0.78–0.93) 5.3 24.0 0.26 0.18

Country
U.S. 6 0.71 (0.60–0.85) 3.5 0.0 0.63 Referent
Others 5 0.71 (0.55–0.92) 29.9 86.6 ,0.001 0.56

Mean age (years)
,60 6 0.77 (0.72–0.84) 2.0 83.3 ,0.001 Referent
$60 5 0.70 (0.59–0.84) 9.5 0.0 0.52 0.86

% men
$50 7 0.68 (0.51–0.91) 10.3 70.7 0.02 Referent
,50 4 0.83 (0.77–0.91) 10.1 40.4 0.12 0.77

Overweight**
No 4 0.71 (0.50–0.997) 2.8 28.4 0.25 Referent
Yes 6 0.70 (0.57–0.86) 31.1 80.7 ,0.001 0.76
Not available 1 0.76 (0.55–1.06) d d d 0.54

Methods for ascertainment of diabetes
Questionnaire or self-reported 8 0.67 (0.54–0.84) 33.3 79.0 ,0.001 Referent
Registry 2 0.77 (0.64–0.93) 0.0 0.0 0.90 0.12
Doctor diagnosis 1 1.05 (0.48–2.30) d d d 0.21

Type of diabetes
Type 2 6 0.64 (0.56–0.71) 10.8 53.6 0.06 Referent
Nonspecified 5 0.86 (0.78–0.94) 6.5 38.2 0.17 0.75

Validation of PA questionnaire
No 5 0.85 (0.78–0.93) 6.9 42.1 0.14 0.15
Yes 6 0.62 (0.55–0.70) 10.4 51.8 0.07 Referent

Number of PA categories
$3 7 0.61 (0.54–0.69) 9.9 39.3 0.13 0.24
2 (i.e., category was dichotomized) 4 0.86 (0.78–0.93) 4.2 28.3 0.04 Referent

PA type
Total PA 4 0.63 (0.56–0.71) 9.9 69.7 0.02 Referent
LTPA 5 0.85 (0.78–0.94) 8.1 50.8 0.09 0.88
Walking 2 0.74 (0.56–0.97) 0.9 0.0 0.34 0.55

Quantification of PA
No 7 0.69 (0.56–0.86) 32.6 81.6 ,0.001 Referent
Yes 4 0.75 (0.60–0.93) 1.4 0.0 0.70 0.72

Methods for ascertainment of CVD/CHD
Registry 8 0.71 (0.58–0.88) 32.9 78.7 ,0.001 Referent
Medical record 2 0.71 (0.56–0.90) 0.0 0.0 0.91 0.78
Combination of registry
and medical record 1 0.55 (0.26–1.15) d d d 0.63

Mean follow-up duration (years)
$10 6 0.65 (0.51–0.84) 12.4 59.8 0.03 Referent
,10 5 0.84 (0.77–0.92) 6.1 34.1 0.19 0.54

Presence of lost to follow-up
No 3 0.56 (0.48–0.85) 4.7 57.2 0.10 Referent
Yes 8 0.83 (0.77–0.90) 8.0 12.7 0.33 0.006

Direction of follow-up
Prospectively 10 0.70 (0.58–0.84) 34.1 73.6 ,0.001 Referent
Retrospectively 1 0.76 (0.55–1.06) d d d 0.55

Continued on p. 477
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daily metabolic rate to resting metabolic
rate ranged from 1.5–1.6 for men and
1.4–1.5 for women in sedentary groups.
Additionally, in general, the minimum PA
volume for avoiding a sedentary lifestyle
was indicated to be 30 min of daily activ-
ity at 3 METs of intensity (34). In the
studies in the current meta-analysis, the
mean PA dose in the lowest group was at
most 30 MET-h/day in terms of EE (i.e.,
1.25 [= 30/24] in the PA level unit) or
30 min/day of LTPA. Therefore, these
PA levels can be considered to represent
inactivity. The results of the current meta-
analysis can be interpreted to indicate
that a high PA in patients with diabetes
was associated with a 40 and 29% lower
risk of ACM and CVD, respectively, in
comparison with inactivity, although def-
initions of high PA varied among studies.
In comparison with other lifestyle factors,
these values corresponded to the CVD
risk reduction for daily light-to-moderate
alcohol consumption compared with
rarely or never drinking in diabetic pa-
tients (35). In other words, an inactive
lifestyle is interpreted to have a 1.64-
fold (= 1.0/0.61) and 1.40-fold (= 1.0/

0.71) risk of ACM and CVD, respectively,
compared with an active lifestyle. These
risk values are comparable to those for
smoking in comparison with no-smoking
in diabetic patients (ACM risk, 1.6 [22];
CHD risk, 1.8 [36]).

Although observational studies are
generally subject to high risk of bias that
correlates with low strength of evidence,
the strength of evidence for PA benefit in
prevention of ACM and CVD can be
increased to moderate according to the
Evidence-based Practice Center approach
(37) for the following two reasons: 1)
presence of a dose-response pattern be-
tween PA dose and lower risk of ACM or
CVD risk and 2) absence of plausible con-
founders, in particular, the main classic
CVD risk factors, which can decrease the
observed effect as indicated in the several
stratified analyses (Tables 1 and 2). The
major concern in judging the strength of
evidence is a statistically suspected publi-
cation bias for the lower ACM risk asso-
ciated with high PA, which may change
the strength of the association.

As previously described, the results of
this meta-analysis suggested that the

lower risk of ACM or CVD associated
with daily PA was not only qualitative but
was dependent on the PA dose, which
was, in most part, explained by log-
linearity. The Physical Activity Guidelines
for Americans from the U.S. Department
of Health and Human Services recom-
mended 150 min/week of moderate in-
tensity PA to achieve a total of 8.3 MET-h/
week of EE as the minimum PA level
required for substantial health enhance-
ment (medium PA) and 150 min/week of
vigorous PA or 300 min/week of moder-
ate PA to achieve a total of 16.7 MET-h/
week of EE as the minimum PA level
required for additional health benefit
(high PA) (38). The medium/high PA
level was estimated to lower the risk of
ACM by 11.2%/21.2% and CVD by
9.3%/17.9%. The strength of the associa-
tion between the increase in PA and the
lowered risk in patients with diabetes was
comparable to that in the general popula-
tion in both ACM (14%/26%) (39) and
CVD (14%/20%) (14).

It may be difficult for most working
people to find much time to engage in PA.
Moreover, diabetic patients often have

Table 2dContinued

Number
of studies RR (95% CI) Q statistics I2 (%)

P value of
heterogeneity Meta-regression*

Adjustment for classical risk factors***
No 6 0.84 (0.77–0.91) 7.4 32.2 0.19 Referent
Yes 5 0.57 (0.49–0.66) 4.9 18.7 0.30 0.003

*Represents test for significance of the study modification across strata. **Cut-off value of mean BMI in each study was 27.8 kg/m2 for men, 27.3 kg/m2 for women,
and 27.5 kg/m2 for men and women combined (10). ***Age, sex, blood pressure (or hypertension), and total cholesterol level (or dyslipidemia) were specified as
classic risk factors.

Figure 2dRelationship between higher weekly PA and the logarithm (log RR) of ACM and CVD risk in patients with diabetes. Solid line indicates
a log-linear relationship. Dashed line and the area surrounded by the dotted line indicate the cubic spline regression curve and its accompanying 95%
confidence region, respectively. Size of each data point is proportional to its statistical weight.
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various barriers to exercise, which inevi-
tably restrict the total amount of habitual
PA (40). Therefore, most people will want
to know the minimum level below which
PA has no benefit or above which PA has
no additional benefit. However, the spline
curve indicating the relationship between
PA dose and lower risk of ACM and CVD
risk neither detected these levels nor had
significant improvement in goodness of
fit compared with linearity. Current re-
sults suggested that any amount of habit-
ual PA was better than none, although PA
cannot be too great from the viewpoint of
cardiovascular benefit and longevity in
people with diabetes.

Several limitations should be ad-
dressed. First, we combined LTPA and
total PA in the dose-response relationship
between PA and ACM or CVD risk be-
cause too few studies analyzed them
separately. However, after adjustment
for the PA type, the result of regression
analysis was unchanged. Nevertheless,
the estimated PA might not reflect true
PA because different studies used differ-
ent questionnaires, and different studies
quantified different spectra of PA even
within each PA type. Second, the current
meta-analysis based on observational
studies could not principally prove cau-
sation nor avoid the possibility of residual
confounding for the observed association.
Third, the current stratified and meta-
regression analyses based on stratification
generally had insufficient statistical power
to detect a significant interaction because
of the limited number of included studies.
Fourth, publication bias toward the over-
estimation of the risk reduction was sus-
pected in ACM. We had difficulty in
controlling the bias, considering that the
belief in PA-related benefits is so strong
that researchers possibly hesitated to re-
port negative data. Lastly, it should be
noted that there were no eligible data on
ACM or CVD risk in relation to PA for
Asian diabetic populations, an issue that
should be investigated in the future.
Therefore, we could not stratify the anal-
ysis into Asian/non-Asian populations,
although alternatively data were stratified
according to country (U.S./non-U.S.).

Despite these limitations, our study
has strength in that it is the first to
estimate quantitatively the magnitude of
risk reduction in ACM and CVD that
could be expected by habitual PA in
patients with diabetes and, in particular,
to clarify the dose-response association.
In conclusion, results of the current meta-
analysis suggested that more PA was

associated with a larger reduction in
future ACM and CVD risk in patients
with diabetes. Nevertheless, any amount
of habitual PA was better than inactivity.
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