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Ventilation-Perfusion
Scanning and Helical CT in
Suspected Pulmonary
Embolism: Meta-Analysis of
Diagnostic Performance’

The diagnosis of pulmonary embolism (PE) remains difficult because the symptoms are not
specific and because all available tests have substantial limitations in clinical settings (1,2).
Selective pulmonary angiography remains the reference standard; however, this procedure
is invasive and causes morbidity and mortality rates of 4% and 0.2%, respectively (3,4).
Moreover, it is costly and time-consuming. Several minimally invasive modalities have
been used to facilitate detection of PE. Because of its general availability, ventilation-
perfusion (V-P) scanning is one of the most frequently used procedures in the confirma-
tion or exclusion of PE. The Prospective Investigation of Pulmonary Embolism Diagnosis
(PIOPED) study (5) assessed the usefulness of V-P lung scanning in patients with acute PE.
Despite accuracy rates as high as 96% in some instances, V-P scanning alone is inadequate
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to confirm or exclude diagnosis of PE be-
cause up to 75% of patients are in the
inconclusive category; therefore, other
modalities, such as serial compression ul-
trasonography and p-dimer testing, are
useful adjuncts (6,7).

Contrast agent—enhanced helical com-
puted tomography (CT) of the pulmo-
nary arteries has been proposed, and data
are accumulating (8-17). The choice be-
tween V-P scanning and helical CT
should be determined by using available
data to compare diagnostic accuracy. In-
terpretation of the data as a whole is dif-
ficult because of the wide variation in the
background of the patients. In prior re-
ports that compare the test performance
of helical CT and V-P scanning (18,19),
the difference in test performance has
not been systematically compared with a
statistical method frequently used in
meta-analysis of diagnostic tests.

Summary receiver operating character-
istic (ROC) analysis is a method that en-
ables quantitative combination of the
multiple studies with heterogeneous re-
sults; each point on the summary ROC
curve represents a combination of sensi-
tivity and specificity that could result
from each study (20-22). Heterogeneity
among different studies is caused either
by differences between the way clinicians
define a test as positive for PE or by wide
variation in terms of the patients’ back-
ground; summary ROC curve analysis
could resolve those problems by means
of stringent inclusion criteria and meta-
regression analysis. It is suitable to com-
pare the performance of different diag-
nostic tests, and reports involving the use
of this analysis have been accumulating
(23,24). Thus, the purpose of our study
was to perform meta-analysis of the heli-
cal CT and V-P scanning literature by us-
ing the methodologic tool of summary
ROC analysis.

MATERIALS AND METHODS

Identification of Trials

A computerized search was performed
to identify relevant English-language
articles published in MEDLINE. To
search for articles about helical CT, we
used “computed tomography” in the
text, “image interpretation, computer-
assisted” in medical subject headings,
and “pulmonary embolism” in medical
subject headings or text. Similarly, we
searched for articles about V-P scanning
by using “radionuclide imaging” in
medical subject headings and “perfusion
scan” or “ventilation-perfusion lung scan”
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in the text. The search for helical CT
articles was limited to articles published
between January 1, 1990, and May 30,
2003, since earlier CT equipment was
substantially different. We included ar-
ticles on V-P scanning published from
January 1, 1985, to May 30, 2003, since
this technique was used in the diagno-
sis of PE beginning in the mid-1980s.
We also scanned references in retrieved
articles and contacted individuals who
are knowledgeable in radiology to see if
they knew of any other relevant re-
ports. A database search with a similar
strategy was conducted in the EMBASE
database for articles published between
1985 and 2003. We did not search for
unpublished reports.

Inclusion Criteria

We included a study if (1) helical CT or
V-P scanning was used as a diagnostic
tool for acute PE; (b) absolute numbers of
true-positive, false-positive, true-nega-
tive, and false-negative cases or their
equivalent were given; (¢) pulmonary an-
giography was used as the reference stan-
dard for diagnosis of PE; and (d) the time
interval between the findings obtained
from the test and reference standard was
48 hours or less, taking into account the
fact that PE might disappear during the
interval of two tests. We determined this
time interval by reviewing literature of
diagnostic tests in patients with PE
(25,26) and discussing this issue with ra-
diologists.

A study was excluded if (@) pulmonary
angiography, in combination with any
other modality, served as the reference
standard; (b) helical CT was not per-
formed for acute PE (eg, chronic PE or
septic embolism); (¢) noncomparable CT
methods (eg, electron-beam CT) were
used; (d) helical CT was performed after
anticoagulant therapy or surgery for PE;
or (e) the published information was in-
complete. We tried to see if different
studies from the same institution used
the same patients because one author
published several reports.

Data Collection

Two investigators (Y.H.,, M.G.) inde-
pendently abstracted the data from all
articles included in our analysis. The in-
formation abstracted included descrip-
tive data (eg, authors, title, journal cita-
tion, and year of publication), study
group characteristics (eg, sample size,
mean age, proportion of women, and
prevalence of PE), study design character-

istics (involving criteria used to define a
positive result and protocol informa-
tion), extent of blinding between readers,
information about the extent of the dis-
ease, and any evidence of verification
bias and test interpretation bias.

For each study, the results were classi-
fied as true-positive, false-positive, true-
negative, and false-negative. For V-P
scanning, PIOPED criteria are generally
used according to the probability of PE
(eg, high, intermediate, low, or near nor-
mal or normal) (5). We specify three cri-
teria for calculating sensitivity and spec-
ificity (Table 1). High-probability V-P
scanning findings were positive, and oth-
ers (eg, intermediate probability, low
probability, or near normal and/or nor-
mal) were negative (threshold 1). High-
and intermediate-probability V-P scan-
ning findings were positive, and low-
probability and normal and/or near-nor-
mal V-P scanning findings were negative
(threshold 2). Normal and/or near-nor-
mal V-P scanning findings were negative,
and others (eg, high probability, interme-
diate probability, and low probability)
were positive (threshold 3). In one study,
researchers developed and used original
criteria that consisted of five categories;
these five categories were reduced to four
to match PIOPED criteria (27). As for he-
lical CT, the presence or absence of PE,
defined as an intraluminal filling defect
or complete nonfilling of a pulmonary
artery, was used as a criterion for deter-
mining positive or negative status.

From the articles in which investiga-
tors tabulated the results for different
observers, we extracted data for the first
observer, unless one observer was em-
phasized in the literature. When au-
thors emphasized one result (eg, level
of experience) in different observers, we
extracted the most emphasized results.
Any inconsistencies or controversies
encountered in abstracted data were re-
solved with discussion and consensus.

Analysis and Statistics

The overall suitability of the pooled
and summary ROC curve analysis was
evaluated by using the Spearman correla-
tion coefficient (22). We then checked
heterogeneity separately for sensitivity
and specificity. Since sensitivities for he-
lical CT and specificities for V-P scanning
threshold 3 were not homogeneous (P =
.006 and P < .001, respectively), pooled
sensitivity and specificity estimates were
calculated by using a random-effects
model that weighted each report accord-
ing to its sample size (28).

Ventilation-Perfusion Scanning and Helical CT - 741
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TABLE 1

Comparison between Thresholds and Probabilities according to PIOPED Criteria
PIOPED Criteria and Probability Threshold 1 Threshold 2 Threshold 3
High Positive Positive Positive
Intermediate Negative Positive Positive
Low Negative Negative Positive
Near normal and/or normal Negative Negative Negative

To estimate the summary ROC curve
for helical CT and V-P scanning, we used

- a previously described method of vari-

ance-weighted least squares regression
(20,22,23,28). On the basis of the 2 X 2
table constructed from each report, we
made a logit transformation of the true-
positive {(eg, sensitivity) and false-posi-
tive (eg, 1 minus specificity) rates. Differ-
ences in the logit transformations (eg,
measure of the observed discriminatory
power of helical CT and V-P scanning)
were then regressed on the sums of the
logit transformations (eg, measure of the
positivity threshold used to determine
positive helical CT and V-P scanning re-
sults). Summary ROC curves for helical
CT and V-P scanning were constructed
with back transformation of the fitted
line from the regression model. We
weighted each study in the regression
model by its variance with the following
equation: [1/(true-positive + 0.5)] +
[1/(false-positive + 0.5)] + [1/(false-neg-
ative + 0.5)] + [1/(true-negative + 0.5)]
(20). We restricted the final summary
ROC curves to the range of observed true-
positive and false-positive rates.

Adjustment for clinical variables was
accomplished by including them in the
regression model. Inclusion of a dummy
variable in the regression analysis for the
type of diagnostic examination per-
formed (eg, 1 for helical CT and 0 for V-P
scanning) allows comparison of tests.
The regression coefficient of this dummy
variable is a measure of the difference in
discriminatory power between the exam-
inations. A positive regression coefficient
implies increased discriminatory power
for helical CT compared with V-P scan-
ning, and a negative regression coeffi-
cient implies reduced discriminatory
power. To avoid undefined values for di-
agnostic odds ratio, positivity criteria,
and the variance that arises from zeroes
of the true-positive, false-negative, true-
negative, or false-positive values, 0.5 was
added to that value (20).

We assessed the effect of publication
year, mean age (55 years or younger vs
older than 55 years), prevalence of PE,
duration of tests (<24 hours vs <48
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hours), study design (prospective vs ret-
rospective), presence of interpretation
bias, and presence of verification bias (eg,
presence of verification bias vs no avail-
able information) in a combined model
of helical CT and V-P scanning. We could
not consider the effect of the extent of
the disease in the model used to compare
helical CT and V-P scanning, since infor-
mation about the extent of the disease
was not available in the literature that
mainly dealt with V-P scanning (5,27,29).

We dichotomized some variables (eg,
age, percentage of women, and duration
between tests) at median. Because of the
availability of data (eg, data on collima-
tion were only available for helical CT) or
missing data, the following variables
were analyzed separately in each model:
percentage of women included in the
study (eg, =25% vs >25%), collimation
(eg, 3 mm or thinner vs thicker than 3
mm), size of PE (eg, segmental vs sub-
segmental) for helical CT model, and
type of radionuclide (eg, technetium
99m [*°"T¢] diethylenetriaminepenta-
acetic acid [DTPA] vs other types of ra-
dionuclides) used for V-P scanning. In
the combined model, univariate analy-
sis was performed to enable the effect of
each clinical covariate to be assessed.

We added the factors that had a P value
of less than .20 at univariate analysis into
a multivariate regression model and used
backwaid elimination to remove vari-
ables with a P value of more than .05. For
the main aim of this study, a dummy
variable for the type of diagnostic test
(helical CT = 1) was always kept in this
process. In separate and combined mod-
els, V-P scanning data were treated sepa-
rately in different circumstances (eg, he-
lical CT vs V-P scanning threshold 1,
helical CT vs V-P scanning threshold 2,
and helical CT vs V-P scanning threshold
3). Finally, we reanalyzed the final model
with random-effects regression analysis
(Technical bulletin no. 42; Stata Statisti-
cal Software, College Station, Tex), which
took inter- and intrastudy variability into
account.

After sensitivities and specificities were
pooled, we assessed the posttest probabil-
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ity of PE on the basis of different pretest
probabilities (low = .03, moderate = .27,
high = .78). The arbitrary pretest proba-
bilities of .03, .27, and .78 were based on
the report by Wells et al (1), in which
pretest probability was determined by us-
ing clinical signs and symptoms. First,
pretest odds were converted into post-
test odds by multiplying the pretest
odds by the likelihood ratio. Likelihood
ratio is defined as the probability of the
test result in people with the disease
divided by the probability of the test
result in people without the disease.-
Posttest odds were converted back to
posttest probabilities (30).

Since the helical CT method used in
the detection of PE has undergone rapid
changes in the past decade, the test per-
formance might have changed from the
early 1990s to 2003. Thus, we performed
a sensitivity analysis by excluding helical
CT articles that were published before
1995 and compared the results with
those in base-case analysis. All analyses
were performed by using commercially
available software (Intercooled Stata 7.0;
StataCorp, College Station, Tex).

RESULTS

Summary of the Literature Review
and Data Extraction

Our initial data search yielded a total
of 1385 titles of studies that used helical
CT or V-P scanning. We excluded 1306
articles by reviewing titles and abstracts
and selected 79 possible articles for our
analysis; the reasons for exclusion are
summarized in Figure 1. Of these 79 arti-
cles, we identified 12 that met all the
inclusion criteria (5,8~11,13-17,27,29).
Two of these articles also reported test
performance of both helical CT and V-P
scanning (10,14); thus, we had nine arti-
cles for helical CT and five articles for V-P
scanning. Two studies were reported by
the same lead author (Remy-Jardin)
(8,11), but these studies were judged not
to be overlapped because of the different
study periods and different amount of
contrast agent used. Overall, there were
discrepancies between the two authors in
19 (13.6%) of 140 extracted items, rang-
ing from 0% to 35.7% depending on the
sort of items extracted. All discrepancies
were resolved by consensus.

Helical CT and V-P Scanning

Helical CT was used to aid diagnosis of
PE for the first time in 1992 (8). Of 12
articles we identified, nine collectively re-
ported findings in 520 subjects (range,
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10-151 subjects per study) who under-
went helical CT (8-11,13-17), while five
reported findings in 1269 subjects (range,
20-731 subjects) who underwent V-P
scanning (5,10,14,27,29).

Variations in study protocols included
thickness of the scanning section (range,
2.5-5.0 mm) and the amount of contrast
agent (range, 70-150 mL). As for detector
system, single-detector row helical CT
was used in eight studies, and dual-de-
tector row helical CT was used in one
study (17). The reported sensitivity of he-
lical CT ranged from 53% (13) to 100%
(8,9), and specificity ranged from 75%
(17) to 100% (9,11,14).

Ventilation studies used xenon 133 gas
(133Xe), *™Tc-pyrophosphate (PYP), or
99mTc.DTPA as the nuclear isotope, and
perfusion studies used ??™Tc-macroag-
gregated albumin (MAA) as the nuclear
isotope. PIOPED criteria were used in
four studies, and original criteria were
formulated in one study (27). The re-
ported specificity of V-P scanning with
threshold 1 ranged from 96.0% (5) to
100% (10,14). With threshold 2, sensitiv-
ity ranged from 54.5% (10) to 100% (14),
and with threshold 3, sensitivity ranged
from 98% (5) to 100% (10,14,27,29). De-
tails of the articles included are summa-
rized in Table 2.

Weighted Pooled Results

Weighted pooled data are presented in
Table 3. Compared with helical CT, V-P
scanning yielded a sensitivity of 39.0%
(95% CI: 37.3%, 40.8%) with threshold 1,
while it yielded sensitivities of 86.0%
(95% CI: 83.3%, 88.8%) and 98.4% (95%
CL: 97.2, 99.5) with thresholds 2 and 3,
respectively. V-P scanning yielded a spec-
ificity of 97.1% (95% CI: 96.0%, 98.3%)
with threshold 1 and a sensitivity of
39.0% (95% CI: 37.3%, 40.8%) and 4.8%
(95% CI: 4.7%, 4.9%) with thresholds 2
and 3, respectively.

Summary ROC Analysis

No significant predictors were found in
the separate univariate analysis for heli-
cal CT (eg, collimation or size of PE) or
V-P scanning (eg, type of radionuclide
used for V-P scanning). Univariate anal-
ysis for the comparison of two tests re-
vealed that the following variables had a
P value of less than .20: age in the model
(P = .032), including V-P scanning
threshold 1; duration between two tests
(P = .027) and presence of verification
bias (P = .067) in the model, including
V-P scanning threshold 2; and duration
between two tests (P = .111) and pres-

Vol 234 - Number 3

Studies first screened on

databases
(n=1385)
————*—)l Studies excluded by reading abstracts (n=1306) —l
A 4
Studies retrieved for more

evaluation

(n=79) Studies excluded for following reasons;

No original data in report (n=11)
The data comparing with PA was not available (n=13)
B Non-comparable CT technique was used (n=3)
No comparison with PA (n=26)
. Analysis on the data of already published article (n=2)
Potentially appropriate for the Include chronic PE or septic PE (n=7)
current meta-analysis
0=17)
Studies excluded because time interval between hCT or V/Q
P scan and PA was not <48
7 (n=5; one article without data on time interval, 3 using <72 hours
Studies included in this analysis threshold, and one with >72 hours threshold)
(n=12)

Figure 1. Flow chart shows results of literature search. hCT = helical CT, PA = pulmonary

angiography.

ence of verification bias (P = .146) in the
model, including V-P scanning threshold
3. Thus, we included these variables in
each multivariate model; however, as a
result of backward elimination, no signif-
icant predictors were kept in the final
model. In a final model used to compare
helical CT and V-P scanning threshold 2,
helical CT displayed superior discrimina-
tory power, with a B coefficient of 3.73
(95% CI: 2.56, 4.9). In a model used to
compare performance of helical CT with
that of V-P scanning threshold 3, the es-
timate was large enough to suggest that
helical CT was superior to V-P scanning,
although this difference was not statisti-
cally significant (B coefficient, 4.14; P =
.05). In the comparison of helical CT and
V-P scanning threshold 1, no significant
difference was observed in terms of dis-
criminatory power (B coefficient, 0.588;
P = .457). These results are shown in
Table 4 and Figure 2.

Posttest Probability of PE

Posttest probabilities of PE according
to positive or negative results of each test
are summarized in Table 5. When pretest
probabilities were moderate (.27) or high
(.78), posttest probabilities of positive re-
sults of V-P scanning with threshold 1
and helical CT were .841 and .98, respec-
tively. When pretest probability was low

(.03), posttest probability of negative he-
lical CT was .005, and that of negative
V-P scanning with threshold 3 was .01.
When pretest probabilities were moder-
ate or high, posttest probabilities of
negative helical CT and V-P scanning
were not low enough to exclude a diag-
nosis of PE.

Sensitivity Analysis

Results of sensitivity analysis are

-shown in Tables 3 and 4. By excluding

articles published before 1995, pooled
sensitivity (true-positive ratio) decreased
from 86.0% to 84.6% (95% CL 78.3%,
91.6%), while specificity did not change
substantially (93.7%). Summary ROC
analysis yielded a similar B coefficient
(0.588) and a slightly increased P value
(.118).

DISCUSSION

In the present study, meta-analysis of the
contemporary helical CT and V-P scan-
ning literature was performed. On the
basis of summary ROC analysis, helical
CT and V-P scanning had similar discrim-
inatory power when the high-probability
threshold was used. The data also suggest
that helical CT has greater discriminatory
power than V-P scanning when the inter-

Ventilation-Perfusion Scanning and Helical CT - 743
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mediate-probability threshold was nega-
tive. The results of the model comparing
helical CT and V-P scanning with normal
and/or near normal threshold is confus-
ing because the B coefficient is large, but
it borders on being statistically signifi-
cant (P = .05). As will be discussed later,
few articles were included in this meta-
analysis because of stringent inclusion
criteria, which might have decreased our
power to detect real difference of two
diagnostic tests. To evaluate these issues,
it is crucial to take a quantitative view of
the data and its interpretation—that is, it
is important to interpret the result in
terms of effect size rather than in terms of
testing (P value) (31). Thus, we would
rather state that p coefficient of 4.14 is
high enough to suggest that helical CT
has higher discriminatory power than
V-P scanning with use of the normal
and/or near-normal threshold.

In two studies (10,14), the diagnostic
test performance of both helical CT and
V-P scanning were reported in one arti-
cle, but it was not plausible to directly
compare these two modalities for several
reasons. In one of these studies, not all
patients underwent both tests, and data
were insufficient for direct comparison
(14). The only study we could use for
direct comparison was one in which all
patients underwent both helical CT and
V-P scanning (10). It might be interesting
to directly compare the performance of
helical CT and V-P scanning; however,
the main aim of the second study was not
to compare the performance of the two
tests, and there exists a verification bias
(eg, patients underwent helical CT on the
basis of results of V-P scanning). The di-
rect comparison influenced by verifica-
tion bias might have caused deviation in
the performance of the latter test; thus, it
was rather misleading to compare the
two tests in this study (23).

Statistical Methods and Results

The summary ROC analysis allows us
to compare results of different tests by
sumrmarizing sensitivity and specificity
results from several studies into a single
ROC curve (21). In the past decade, many
articles have suggested that helical CT
might be more effective than V-P scan-
ning in the diagnosis of PE (32,33), but
formal comparison of the two diagnostic
tests has yet to be performed. Although
previous reports have described helical
CT as superior to V-P screening because
of its higher sensitivity and specificity,
one cannot state that helical CT is more
useful for this reason alone. In general, a
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TABLE 3

with Different Thresholds

Pooled Sensitivity and Specificity of Helical CT and V-P Scanning

Imaging Technique

and Year Searched Threshold Sensitivity (%) Specificity (%)
V-P scanning
1985-2003 1 39.0 (37.3, 40.8) 97.1(96.0, 98.3)
1985-2003 2 86.0 (83.3, 88.8) 45.5(43.9,47.1)
1985-2003 3 98.4 (97.2, 99.5) 4.8 (4.7,4.9)
Helical CT
1990-2003 NA 86.0 (80.2, 92.1) 93.7 (91.1, 96.2)
1995-2003 NA 84.6 (78.3, 91.6) 93.7 (91.1, 96.4)

Note.—Data in parentheses are 95% Cls. NA = not applicable.

TABLE 4
Comparison of Summary ROC Analyses between Helical CT and V-P Scanning
V-P Scanning B Coefficient P Value
Helical CT (1990-2003)
Threshold 1 0.588 (—1.55, 2.74) 457
Threshold 2 3.73 (2.56,4.9) <.001
Threshold 3 4,14 (—0.002, 8.28) .05
Helical CT (1995--2003)
Threshold 1 0.72 (-2.45,2.9) 515
Threshold 2 3.63 (2.4, 4.86) <.001
Threshold 3 3.61 (—9.22, 8.14) 118

Note.—Data in parentheses are 95% Cls.

negative result essentially rules out PE
when a test with very high sensitivity is
used, and a positive result effectively con-
firms diagnosis of PE when a test with
very high specificity is used (30). In the
clinical setting, V-P scanning with a
high-probability threshold and high
specificity has been used to confirm a
diagnosis of PE, and V-P scanning with a
normal and/or near normal threshold
with high sensitivity has been used to
exclude a diagnosis of PE. It is therefore
necessary to compare the sensitivity of
helical CT with that of V-P scanning by
using the normal and/or near-normal
threshold to exclude the possibility of PE;
it is also necessary to compare specificity
to diagnose PE with summary ROC anal-
ysis.

There has been criticism of the sensi-
tivities and specificities claimed in earlier
helical CT reports (34,35). New diagnos-
tic tests are often described in glowing
terms when they are first introduced;
however, these tests are often found to be
wanting when more experience has been
gained (36). This frequently results from
limitations in the methods used to eval-
uate test characteristics. An example of
this phenomenon is use of carcinoem-
bryonic antigen (30). Carcinoembryonic
antigen was originally considered a very
promising tool in the diagnosis of colon

cancer; however, carcinoembryonic anti-
gen level was subsequently found to be
increased in a wide variety of instances,
including in smokers without cancer.
The same seems true for helical CT used
in the diagnosis of PE. When compared
with earlier studies that showed high sen-
sitivity (90%-100%) and specificity (96%—
100%), the test performance was lower
(sensitivity, 70%; specificity, 91%) in a
study performed in 2001 (35). On the
other hand, rapid advances in the CT
method used in the diagnosis of PE have
been made in the past decade. Thus, we
performed sensitivity analysis, and the
results of ROC analysis did not change
when articles published before 1995 were
excluded. Moreover, univariate analysis
reveals that publication year is not statis-
tically significant.

Another criticism of high accuracy
rates, as pointed out in recently published
review articles, is that methodologic prob-
lems are common in studies used to eval-
uate helical CT in the diagnosis of PE (eg,
several reports were missing key data re-
garding the methods used to select pa-
tients). It is unclear, however, how these
methodologic problems have influenced
our results (26,37). The second PIOPED
study, which is being funded by the U.S.
National Institutes of Health, involves
evaluation of the accuracy of helical CT in
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Figure 2. (a) Summary ROC curves for helical CT constructed with a model used to compare V-P scans by using threshold 1. (b) Summary ROC
curves for helical CT constructed with a model used to compare V-P scans by using threshold 2. (c¢) Summary ROC curves for helical CT constructed
with a model used to compare V-P scans by using threshold 3. (a—-c) Horizontal axis represents the false-positive ratio (1 minus specificity), and the
vertical axis represents the true-positive ratio (sensitivity). The size of a plotting symbol is inversely proportional to the variance of an observation.
Helical CT has a discriminatory power similar to that of V-P scanning at thresholds 1 and 3, while overall discriminatory power of helical CT is much

better than that of V-P scanning at threshold 2.

TABLE 5
Posttest Probabilities of PE with Different Pretest Probabilities and Test Results
Test, Threshold, Posttest Posttest Posttest
and Results Probability* Probabilityt Probability*
Helical CT
Positive .296 (.243, .399) .841 (.802, .893) .980 (974, .987)
Negative .005 (.003, .006) .055 (032, .074) 347 (.235, .422)
V-P scanning
Threshold 1
Positive 296 (.225, .420) .841 (.785, .901) .980 (.971, .988)
Negative .019 (.018, .020) 196 (.190, .203) 522 (.457, .573)
Threshold 2
Positive 047 (.044, .049) .380 (.366, .394) .848 (.841, .856)
Negative 009 (.007, .011) .107 (.085, .129) .522 (.457, .574)
Threshold 3
Positive .031 (0306, .0313) 287 (.284, .289) .786 (.783, .788)
Negative .010 (.003, .017) 116 (.036, .185) .546 (.257, .675)
Note.—Data in parentheses are 95% Cls.
* Pretest probability = .03.
t Pretest probability = ,27.
f Pretest probability = .78.

the diagnosis of PE in more than 1000 pa-
tients and should bring us closer to the
solution of these methodologic problems
(38).

Clinical Implications and Results

Our work shows that when the high
probability threshold is used, helical CT
and V-P scanning have comparable dis-
criminatory power; however, when the
normal and/or near-normal threshold is
used, helical CT had greater discrimina-
tory power than V-P scanning. It is now
more important to consider other aspects
of the tests, First, the main problem with
V-P scanning is that definitive diagnosis
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can be obtained in less than 30% of pa-
tients tested, and the remaining patients
need to undergo further testing (5). The
use of helical CT would therefore reduce
the number of patients subjected to fur-
ther diagnostic tests (33). In contrast, one
should consider the presence of contra-
indications before performing helical CT.
In one report, about 24% of patients sus-
pected of having PE did not undergo he-
lical CT because of contraindications,
such as impaired renal function or allergy
to contrast agent (35). This is a substan-
tial proportion of patients and is similar
to the proportion of patients with incon-
clusive results of V-P scanning.
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Second, as for V-P scanning, large dif-
ferences (25%-309%) of interpretation
among expert readers have been re-
ported, especially in the classification of
low- or intermediate-probability scans. In
contrast, helical CT has better inter-ob-
server agreement than does V-P scanning
(x value of 0.85 and 0.61, respectively)
(12). Third, there are inconsistent results
concerning relative cost-effectiveness,
with the controversy continuing (32,34).
The advantages or disadvantages of ei-
ther test are crucial in application to the
patients when PE is suspected. It is im-
portant to judge the advantages and dis-
advantages of each test and select the
most appropriate procedure for a favor-
able outcome. On the basis of the results
of our analyses, we recommend the fol-
lowing strategies: Confirm PE with mod-
erate to high pretest probability, and use
either helical CT or V-P scanning, accord-
ing to high-probability threshold. Ex-
clude PE with low pretest probability, as
helical CT is a better test than V-P scan-
ning. If helical CT is not available, V-P
scanning with normal and/or near-normal
threshold could be an alternative tech-
nique. To exclude PE with moderate or
high pretest probability or to confirm PE
with low pretest probability, avoid V-P
scanning by using low-probability thresh-
old.

Limitations

OQOur review has several limitations.
First, because of the nature of meta-anal-
ysis, the result is subject to publication
bias. Only published reports were exam-
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ined, and studies with poor results are
less likely to be written, submitted, and
accepted. Our results may therefore be
biased toward the favorable direction.

. - This tendency should affect helical CT

and V-P scanning equally and should not
alter our qualitative conclusion. Second,
as in all meta-analyses of diagnostic test-
ing, verification bias could be present,
since about half of the studies included
did not control or mention verification
bias. Verification bias occurs when the
result of the test influences the decision
as to which patients receive the verifica-
tion test. This can have dramatic results
on the sensitivity and specificity of a test
(39). We were unable to correct for this
bias because the original studies did not
provide the necessary information on the
entire population tested; in our study,
however, covariate analysis did not show
a significant difference between studies
that did and those that did not control
for verification bias. Third, the large de-
gree of variation between observers in
reading V-P scans could limit the inter-
pretation of our results when combining
studies; this possibility was rejected with
a test for homogeneity.

Numerous studies were excluded from
analysis, and a smaller number of studies
was finally included in meta-analysis
compared with previous meta-analysis of
helical CT (19). One reason is that some
studies used combination reference stan-
dards to compare helical CT and V-P
scanning (eg, normal results at V-P lung
scanning were accepted as an alternative
reference standard for the absence of PE)
(12,33). The small number of studies in-
cluded in the current analysis might have
decreased our power to detect the true
difference. This could not have been
avoided, however, because it is usually
assumed that the test is being compared
with a sole reference standard when
meta-analysis of diagnostic tests is con-
ducted. We therefore chose the optimal
strategy that pulmonary angiography
should be the sole reference standard. For
the same reason as mentioned previ-
ously, only one multi-detector row heli-
cal CT report was included in our analy-
sis. We might have underestimated the
test performance of helical CT because
the recent introduction of multi-detec-
tor row helical CT is expected to offer a
further increase in performance, particu-
larly in the ability of physicians to scan
larger anatomic volumes with high spa-
tial resolution (40). The stringent inclu-
sion criteria used in the current study,
however, should have ensured the qual-
ity of our results.
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Independently pooled estimates of
sensitivity and specificity could be calcu-
lated easily; however, these frequently
used methods have come under strong
criticism because they do not take into
account the fact that different studies
may have used test thresholds (41). In
spite of this, the reason why we pooled
estimates of sensitivity and specificity
separately is that the results of B coeffi-
cients are not always easy for readers to
intuitively understand. In a real-world
setting, reports of summary ROC analysis
present the results of pooled sensitivities;
specificities are presented in reports of
summary ROC analysis (42,43). Another
reason we pooled estimates of sensitivity
and specificity separately is that authori-
ties in the field of decision sciences rec-
ommend to pool sensitivities and speci-
ficities of diagnostic tests and use these
data for cost-effectiveness analysis (44).
These pooled estimates, however, should
carefully be interpreted when used to
compare these two diagnostic tests di-
rectly.

In conclusion, helical CT has greater
discriminatory power than V-P scanning
with the normal and/or near-normal
threshold in the exclusion of PE, while
helical CT and V-P scanning with high-
probability threshold had similar dis-
criminatory power in the diagnosis of PE.
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Efficacy of Lifestyle Education fo Prevent

Type 2 Diabefes

A meta-analysis of randomized controlled trials

KAzZUE YAMAOKA, PHD
Tosuiro TANGO, PHD

OBJECTIVE — To evaluate the efficacy of lifestyle education for preventing type 2 diabetes in
individuals at high risk by meta-analysis of randomized controlled trials, as assessed by incidence
and a reduced level of plasma glucose 2 h after a 75-g oral glucose load (2-h plasma glucose).

RESEARCH DESIGN AND METHODS — Through an electronic search, 123 studies
were identified. A literature search identified eight studies that met strict inclusion criterion of
meta-analysis for 2-h plasma glucose and five studies for the incidence of diabetes. All were
randomized controlled trials of =6 months with lifestyle education that included a dietary
intervention. Subjects were adults diagnosed as being at high risk for type 2 diabetes. The
difference in mean reduction of 2-h plasma glucose from baseline to the 1-year follow-up and
relative risk (RR) of the incidence of diabetes in the lifestyle education group versus the control
group were assessed. Overall estimates were calculated using a random-effects model. Those
estimates were confirmed by several models, and the possibility of selection bias was examined
using a funnel plot.

RESWLTS — Lilestyle education intervention reduced 2-h plasma glucose by 0.84 mmol/l
(95% CI 0.39-1.29) compared with the control group. The 1-year incidence of diabetes was
reduced by ~50% (RR0.55, 95% CI 0.44-0.69) compared with the control group. Results were
stable and little changed if data were analyzed by subgroups or other statistical models. Funnel
plots revealed no selection bias.

CONCLUSIONS — Lifestyle education was effective for reducing both 2-h plasma glucose
and RR in high-risk individuals and may be a useful tool in preventing diabetes.

Diabetes Care 28:2780-2786, 2005

recent studies based on randomized con-

ype 2 diabetes is increasing world-
trolled trials for high-risk subjects re-

wide largely as a result of increasing

obesity and a sedentary lifestyle.
Nutritional therapy for diabetic patients
was recommended by the American Dia-
betes Association (1). Considering the se-
verity of the illness and low quality of life
among diabetic patients, primary preven-
tion for the development of type 2 diabe-
tes is important. For this purpose, lifestyle
education {(combined diet and exercise)
can be considered a powerful tool. Begin-
ning with the impressive study in Da
Qing, China (2), the benefits of lifestyle
modification have been assessed. Some

vealed the potential for prevention of type
2 diabetes. In a previous study, we con-
ducted a randomized controlled trial of a
new dietary education program to reduce
plasma glucose levels in Japanese male
workers, and we showed that the new di-
etary education could reduce glucose lev-
els by effecting changes in the total energy
intake of individuals at high risk for type 2
diabetes (3). Most current lifestyle educa-
tion interventions are based on a combi-
nation of dietary education with exercise.
However, the effects are still controver-
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sial. The aim of the present study was to
evaluate the efficacy of lifestyle education
for preventing type 2 diabetes in individ-
uals at high risk, using a meta-analysis of
randomized controlled trials.

RESEARCH DESIGN AND
RMETHODS

Study selection and data extraction
The study question was whethera lifestyle
education program compared with con-
ventional education improved the overall
glucose level or incidence of diabetes in
individuals at high risk for type 2 diabe-
tes. Examples of “conventional educa-
tion” would be usual exercise with or
without general information about diet or
general dietary advice about healthy food
choices on entering the trial.

Outcome measures. To reduce the risk
of development of type 2 diabetes, reduc-
tion of blood glucose level is necessary.
Therefore, the present study considered
two outcome measures: the glucose level
and incidence of type 2 diabetes. As to the
glucose level, the difference in the plasma
glucose value 2 h after a 75-g oral glucose
load (2-h plasma glucose) between base-
line and =6 months (mainly 1 year) later
was used as an outcome measure. The dif-
ference in means of those measures [rom
baseline to 1 year between the lifestyle
education intervention and control
groups were the effect size of this study.
Relative risk (RR), or hazard ratio, for in-
cidence of type 2 diabetes in the lifestyle
education intervention group over the
control group was another effect size.
Types of participants. Subjects were
adults who were diagnosed to be at high
risk for type 2 diabetes: impaired glucose
tolerance (IGT) (4), impaired fasting glu-
cose (IFG) (5), and borderline (6). The
definition of borderline was according to
the Japan Diabetes Society (JDS) as fol-
lows: normal: fasting plasma glucose
<<6.1 mmol/l, 2-h plasma glucose <7.8
mmol/l, and 1-h plasma glucose <10
mmol/l; diabetes: fasting plasma glucose
=7.0 and/or 2-h plasma glucose =11.1
mmol/l; and borderline: all remaining val-
ues between normal and diabetes. The

2780
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Hand search

Review of reference lists

Potentially relevant articles identified from electric
databases and screened for retrieval
MEDLINE (n=123)

ERIC (n=0)

A4 JV

Articles retrieved for more detailed

evaluation (n=132)

Articles excluded (total n=107)
Not high risk subjects (n=87)

v

v
RCTs with effectiveness of diabetes life

style education (n=25)

Nota RCT (n=2)
Not lifestyle intervention (n=18)

A4

A 4

RCTs with 2hPG or incidence

outcome (n=22)

incidence outcomes (n=3)

RCTs excluded for lack of 2hPG and

4
RCTs that met all inclusion criteria

(n=9)

borderline type corresponds to the sum of
IFG plus IGT (6).

Types of studies. Randomized con-
trolled trials that followed patients for =6
months were included. Randomization of
individuals or clusters of individuals was
accepted.

Types of intervention. Lifestyle (com-
bined diet and exercise) or solely dietary
education interventions were selected.
Control interventions were those de-
scribed above.

Search strategy for identification of
studies. Medline and ERIC (Educational
Resources Information Center) databases
(January 1966 to November 2004) were
searched to identify relevant literature
(restricted to the English language).
Search terms were free text terms, MeSH
(Medical subject heading), and Medline
medical index terms. For instance, diabe-
tes, 1GT, IFG, borderline, etc. for type 2

v

RCTs that reported a same study (n=13)

Figure 1—Systematic review flow dia-
gram. n = number of articles. ERIC, Ed-

diabetes and related conditions; exercise,
physical fitness, nutrition, diet, etc., for
lifestyle interventions; and prevention
and randomized controlled trials were
used as search terms.

Statistical analysis

Overall estimates were examined using a
fixed-effects model (general variance-
based method), a random-effects model
(DerSimonian-Laird method) (7), and a
Bayesian model with noninformative pri-
ors (Monte Carlo Markov chain) (8). A x*
test was used to assess heterogeneity
among trials. Considering that the fixed-
effects model is useful only under condi-
tions of homogeneity and that the power
of statistical tests of heterogeneity is low,
we planned to use the random-effects
model as the primary method irrespective
of the test result of heterogeneity. We
used the other models for sensitivity anal-

ucational Resources Information Center
database; 2hPG, 2-h plasma glucose;
RCT, randomized controlled trial.

yses. S-plus (9) was used for estimation of
the random-effects model and the fixed-
effects model, and WinBUGS (10) was
used for the Bayesian model (burn-in
sample = 1,000, number of Gibbs sam-
pling = 10,000).

The measure of effect size for 2-h
plasma glucose is given by the difference
between the lifestyle education interven-
tion group and control group (A) for each
individual study, which is equal to A; —
A, where A, and A_ are mean differences
from baseline to end point (basically at 1
year) in 2-h plasma glucose between, re-
spectively, the lifestyle education inter-
vention and control groups. When the SD
of the difference from baseline to end
point was not given in the literature, it
was calculated using SD_ . (SD of the
baseline 2-h plasma glucose) and SD
(SD of the end point) for each group, us-
ing the formula SD* = SD? |, + SD? ., —
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Table 1 —Characteristics of the nine randomized controlled trials*

Diabetes incidence

(ri)t 2hPG (mmol/l)
Follow-up Difference from
Randomized Inclusion duration Baseline baseline at 1 year
Study (ref. no.) subjects criteria (years) Control  Intervention  (means * SD) (means * SD) (n)¥
Panetal (2) 5778 M&F, IGT 6 90/133 58/130 C:9.03 £0.89 C:3.96 * 3.82 (133)]
: L:9.11 % 0.93 L:1.65 * 3.16 (130)
Wein et al. (13) 200 Female, IGT 4.25 7/100 6/100 C:9.8 = 0.74] C:0.1 £ 1.94 (96)])
1:99 = 0.74 L: =0.1 £2.19(097)
Lindahl et al. 186 M&F, BMI >27, 1 NA NA C:80=x11.099 C —030=*275(931
a4 age 30-60, IGT L:7.5£6.99 L: —0.68 = 1.95 (93)
Oldroyd et al. 78 M&F, age 24-75, 0.5 NA NA C:9.2*09 C:—05x18(32)#
(15) - IGT L:9.1*09 L: —0.7 £ 1.9 (35)
Tuomilehto et al. 522 M&F, BMI >25, 6%** 51/257 22/265 C:89%15 C: —0.3 * 2.2 (250)
(16) age 40-64, IGT L:89£15 L: —0.9 + 1.9 (256)
Swinburn et al. 176 M&F, age =40, 1 NA NA C:75*24 C:0.74 = 2.76 (70)
17) IGT + (2hPG D:79 %25 D: 0.01 = 2.68 (66)
7.0-7.8 mmol/l)
Mensirik et al. 114 M&F, BMI >25, 3 NA NA C:8.6 %148 C:0.2 £223(55)
(18) age =40, IGT D: 8.8 * 2.06 L: —0.8 £2.06 47)
Watanabe et al. 173 Male, age 35-70, 1 6/87 3/86 C:73+17 C:0.67 = 1.74 (77)
3) borderline D:82*x15 D: —0.76 £ 1.36 (79)
DPPRG (19) 3,2348 M&F, age =25, 2.8 313/1,082% 155/1,079% C:9.1*09 NA
BMI >24 L:9.1 %09

(Asian >22),
27 centers, IFG

* Nine studies were reported in 22 published articles. One article is listed as a representative of the relevant study. tIncidence of type 2 diabetes: /n = (number of
cases divided by total number of analyzed subjects). $Except for the studies by Pan (2) = 6 years, Wein (13) = average 4.25 years, and Oldroyd (15) = 6 months.
8 Including other intervention types. [[SD for the mean difference was calculated using SDs in each point. 45D was calculated using 95% Cls. #Difference from baseline
at 6 months. **Strong intervention was performed during the 1st year. 1t Calculated from incidence. C, control; D, solely dietary education intervention; L, lifestyle
education (combined diet and exercise) intervention; M&F, male and female.

275D, SD 0, Where 7 is the correlation
between the baseline and end point
groups. Because no study reported r, and
its true value is unknown, we consulted
our past study data and used r = 0.5. For
this, a sensitivity analysis was performed,
using r = 0.3 and r = 0.7. If the 95% CI
was shown instead of SD, SD was calcu-
lated using the formula SD = (\/n) (95%
CI — 95% Clipper) — 4, where n de-

upper ]
notes sumple size of a group.

Net change in 2-h plasma glucose or
RR is shown for each individual study,
with lines extending from circles repre-
senting 95% Cls in the Forest plot. A cu-
mulative meta-analysis by the random-
effects model (11) was also performed to
determine at which point (when sufficient
evidence was available) to demonstrate a
beneficial lifestyle education intervention
effect. Subgroup analysis by intervention
type, ie., diet versus lifestyle (combined

diet and exercise) and follow-up duration
(<1 vs. =2 years), was conducted as a
sensitivity analysis. The selection bias was
visually examined using the funnel plot.

RESULTS — Following the QUOROM
guidelines (12), Fig. 1 depicts the flow
diagram for this review. Eight studies
(2,3,13-18) met strict -inclusion criteria
for the analysis of 2-h plasma glucose and
five studies (2,3,13,16,19) for the analysis
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Table 1—Continued

Yamaoka and Tango

Age  BMI

(years) (kg/m?) Type of intervention Dietary education Exercise education Control

45 26 Dietary + exercise ~ Reducing energy intake Increase leisure physical exercise General instructions for diet
at least 1 unit/day and/or increased leisure

physical activities

39 25 Dietary + exercise  Standard diet advice sheet with Emphasizing need for regular Regular exercise and

telephone contact (three per exercise standard diet advice
month)

55 31 Dietary + exercise ~ Low-fat, high-fiber diet Regular exercise with a program Standard program including
implemented during a 1-month counseling session for
stay at a wellness center that 30-60 min conducted by
included intense dietary learning a specially trained nurse
sessions

58 30 Dietary + exercise ~ Regular diet counseling froma  Physical activity counseling from a  General instructions for diet

dietician physiotherapist and/or increased leisure
physical activities

55 31 Dietary + exercise  Individualized dietary Circuit-type resistance training General dietary and exercise

counseling from a sessions and advice on advice at baseline and an
nutritionist increasing overall physical annual physician’s
activity examination

52 29 Dietary alone Reduced-fat diet and None General dietary advice

participation in monthly about health food choices
small-group education
session for 1 year

57 29 Dietary + exercise ~ Regular dietary advice Stimulated to lose weight and Brief information about the
increase physical activity with beneficial effects of a
visits scheduled at regular healthy diet and
intervals increased physical activity

55 24 Dietary alone Reducing energy intake, None Conventional group

especially at dinner counseling

50 34 Dietary + exercise ~ Weight reduction through a Engage in physical activity of Written information for

healthy low-calorie, low-fat
diet

€ase managers

moderate intensity by
individualized curriculum by

standard lifestyle
recommendation and an
annual 20- to 30-min
individual session
emphasizing importance
of a healthy lifestyle

of RR. In this process, one study was se-
lected among studies that published re-
sults from the same trial, and one
intervention (having priority on lifestyle
intervention over the diet-alone interven-
tion) was selected from a study. The gen-
eral characteristics and outcomes of the
studies are shown in Table 1.

Type of intervention

Lifestyle education interventions of the
selected studies varied widely. Lifestyle
education (combined diet and exercise)
was conducted in seven studies (2,13~
16,18,19), and a solely lifestyle education
intervention was carried out in two stud-

ies (3,17). Details of the type of interven-
tion are summarized in Table 1.

2-h plasma glucose

Two studies (2,13) did not report the SD
of the differences from baseline to end
point, so the SD was calculated from SD-
pre a0d SD ... Two studies (13,14)
showed the 95% CI instead of SD; thus,
SD was calculated from 95% CI,p, ., and
95% Cljgger- In the eight studies (3,3, 13-
18) in which the 2-h plasma glucose level
was determined, evidence of heterogene-
ity among the studies was shown (P <
0.001). Figure 2 shows the net change in
2-h plasma glucose, results of cumulative

meta-analysis, and overall estimates for
2-h plasma glucose by several models.
The estimates from the random-effects
model are shown, with lines extending
from quadrangular symbols representing
95% Cls. The ranges of 95% Cls of the
overall estimates for several models are
shown with the solid line between the di-
amond symbols in the figure. In calculat-
ing overall estimates for 2-h plasma
glucose, the results were insensitive to rin
the range we expected (0.3-0.7); there-
fore, data are presented with the value of
r = 0.5. Cumulative analysis indicated
that from the last four studies, overall es-
timates became significant. Overall, a
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Pan, et al, 1997

Wein, et al, 1899

Citation

Lindahl, et al, 1999
Oldroyd, et al, 2001
Tuomilehto, et al, 2001
Swinburn, et al, 2001
~Mensink, et al, 2003
Watanabe, et al, 2003

Combined: fixed
Combined: random

Combined: Bayesian

Figure 2—Forest plot for the net
change in 2-h plasma glucose in eight
randomized controlled trials of the ef-
fects of lifestyle education, with their
95% ClIs (individual and cumulative
meta-analysis). Net change in 2-h
plasma glucose is shown for each in-
dividual study, with dotted lines ex-
tending from circles representing 95%
CIs. Cumulative meta-analysis by the
random-effects model in 2-h plasma
glucose is shown by each individual
study (sequentially cumulated), with
solid lines extending from quadran-

2

Difference in means

1-year lifestyle education intervention re-
duced 2-h plasma glucose by 0.84 mmol/l
(95% CI 0.39-1.29) compared with the

_control intervention, as determined by
the random-effects model. Concordant
results were obtained by other models,
i.e.,a0.80 mmolA (0.58-1.01) reduction
was estimated by the fixed-effects model
and a 0.84 mmol/l (0.39-1.32) reduction
by the Bayesian model. All of the overall
estimates denoted a significant reduction
of 2-h plasma glucose in the lifestyle ed-
ucation intervention groups compared
with control groups.

Because there was evidence of heter-
ogeneity in this combined analysis, sub-
group analyses were conducted to analyze
sensitivity. Overall estimates of 2-h
plasma glucose were obtained according
to the length of the study (1 year for five
studies and >1 year [6 and 4.25 years] for
two studies) and by the types of interven-
tion (lifestyle education for six studies
and solely dietary education for two stud-
ies.) Excluding studies that exceeded 1
year (two studies), the results still showed
a significant reduction in 2-h plasma glu-
cose, except those for the Bayesian model.

]
|
i
e Pan, et al, 1997
T T T T Wein, et al, 1999
o1 _
- T Tuomilehto, et al, 2001
0 —k
= —t DPPRG, 2002
o | T :@—_ ------ W atanabe, et al, 2003
!
ARy Combined:fixed
O -0 Combined:random
S———¢ Combined:Bayesian
1 H T T
0.1 0.5 1.0 5.0 10.0
Relative risk

Figure 3—Forest plot for RR in five randomized controlled trials of the effects of lifestyle educa-
tion, with their 95% Cls (individual and cumulative meta-analysis). For explanation of the figure,

sec the legend to Fig. 2.

i gles representing 95% Cls. The ranges

4 0f 95% ClIs of the overall estimates are
shown for several models with solid
lines between the diamonds.

A funnel plot of sample size against
the effect size was examined (figure not
shown). From observations of data, selec-
tion bias did not largely affect the results
of the present study. In addition, the re-
lated factors of mean age, study publica-
tion year, baseline value of 2-h plasma
glucose, and BMI varied, and these factors
were visually examined. From an obser-
vational point of view, the results detected
no bias (figures not shown).

RR

In the five studies (2,3,13,16,19) in
which the incidence was obtained, analy-
sis showed no evidence of heterogeneity
among studies (P = 0.145). Figure 3
shows RRs of each study, the result of cu-
mulative meta-analysis, and overall RRs
by several models. The cumulative meta-
analysis indicated significant effects in all
cases. All of the results indicated that life-
style education groups had a relatively
lower incidence than control groups. The
risk of incidence of type 2 diabetes in the
lifestyle education intervention group
was reduced by ~50% (RR = 0.55 [95%
CI 0.44-0.69]) compared with the con-
trol intervention group by the random-
effects model. The results from other
models were similar. Specifically, RR was
estimated as 0.55 (0.48-0.63) by the
fixed-effects model and 0.55 (0.41-0.74)
by the Bayesian model. Because there was
one mega-study conducted by the Diabe-
tes Prevention Program Research Group
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(DPPRG) (19), we excluded it from anal-
ysis. Although the number of subjects was
small except for the mega-study, meta-
analysis of small trials was shown to be
concordant with the results of the mega-
study when we exarined the fixed-effects
model, the random-effects model, and
Bayesian model.

CONCLUSIONS — This meta-analy-
sis provided evidence of the efficacy of
lifestyle education for individuals at high-
risk of type 2 diabetes in reducing 2-h
plasma glucose and RR. It reduced 2-h
plasma glucose by ~0.84 mmol/l (95%
CI 0.39-1.29) and also the incidence of
type 2 diabetes by ~50% (RR 0.55 [0.44—
0.69]) compared with the control group,
as determined by the random-effects
model. Significant effects were also ob-
tained by other models. Although the in-
terventions and methods of lifestyle
education varied in these studies, these
results indicate that lifestyle education as
well as a solely dietary education im-
proved 2-h plasma glucose and reduced
the risk of type 2 diabetes in high-risk
individuals.

Although lifestyle education for high-
risk subjects is an accepted cornerstone of
prevention of type 2 diabetes as well as
treatment of type 2 diabetes, a formal and
systematic overview of its efficacy and
method of delivery has not been available.
Our study provides evidence of a relation-
ship between lifestyle education in high-
risk subjects and the prevention of type 2
diabetes.

Several meta-analyses have been pub-
lished on the effects of lifestyle education
on GHb for diabetic patients (20), low-
glycemic index diets in the management
of diabetes (21), and glucose and insulin
responses to dietary chromium supple-
ments (22). Although the purpose, meth-
ods, and types of subjects differed, there
was evidence that not only clinical care
but also lifestyle education is effective.
Our study aimed at examining lifestyle
education for those at high risk of type 2
diabetes. Considering the poor quality of
life of diabetic patients, preventing the de-
velopment of this disease is important,
and much more attention should be paid
to lifestyle education.

Many individuals at high risk for dia-
betes are designated as having what is
now called metabolic syndrome, and, re-
cently, considerable attention has been
paid to this syndrome. The primary end
points of the randomized controlled trials
analyzed in the present study were de-

signed as 2-h plasma glucose and/or inci-
dence of type 2 diabetes. Therefore, we
cannot examine the effects of lifestyle ed-
ucation on the metabolic syndrome. Obe-
sity is one component of the metabolic
syndrome. Many studies examined BMI
as one of the secondary end points. Some
of the individual studies (13-15,17) did
not find a significant effect of lifestyle ed-
ucation on 2-h plasma glucose, but they
did find that it affected BMI. This means
that a weak effect of lifestyle intervention
on weight loss may exist. Further study of
the metabolic syndrome is needed to de-
fine effective interventions for this condi-
tion.

Many of the studies included in this
meta-analysis involve only a small num-
ber of subjects, with the exception of one
mega-trial (19), which was used for anal-
ysis of RRin this report. The results, when
excluding the mega-study, were also sig-
nificant. The findings suggest the clinical
benefits of lifestyle education. There has
been extensive discussion of the differ-
ences between meta-analyses and mega-
trials (23). Selective nonpublication of
negative trials seems to be a likely expla-
nation for that. Our results suggest that
the meta-analyses of small trials is concor-
dant with the results of the DPPRG, for
which we examined the random-effects
model as well as the fixed-effects model
and Bayesian model.

The strengths and limitations of this
meta-analysis should be considered. Our
study has several strengths. As far as we
know, this is the first study to examine the
effects of lifestyle education for individu-
als at high risk of type 2 diabetes by meta-
analysis, although the education reported
in the studies was not uniform. We also
focused attention on two types of view-
points: 2-h plasma glucose and incidence.
Considering that those with higher values
for 2-h plasma glucose are more likely to
develop diabetes, it is meaningful that
both glucose level and incidence indi-
cated the effect of lifestyle education
when compared with control subjects.

This study has several important lim-
itations. This analysis was confined to En-
glish-language articles, which could
introduce bias. Furthermore, only ran-
domized controlled trials were included,
which could also introduce bias. How-
ever, considering that the quality of stud-
ies of lifestyle education as well as solely
dietary education may be affected by
many confounding biases, these limita-
tions may be acceptable. From the visual
observations by plots on the effect of life-

Yamaoka and Tango

style education against the factors on the
effect size, the results were not greatly af-
fected by those factors. Publication bias is
always a concern in meta-analyses. We
performed electronic searches, including
a hand search, and examined by funnel
plot sample size against effect size. The
funnel plot suggested hitle influence from
publication bias on the effect size. Al-
though it may be small, we cannot deny
the possibility of selection bias. Our study
has a limitation in that the follow-up pe-
riod extended for =6 months; however,
this may be acceptable because an earlier
assessment could be biased as a result of
changes made only because subjects were
conscious of being studied. In the preven-
tion of diabetes, maintaining long-term
control is warranted. Another limitation,
which was the variability of lifestyle edu-
cation, was examined by subgroup anal-
yses. Although the quality of lifestyle
education varied, the results indicated
that it was effective.

Taking these limitations into account,
the meta-analysis provided objective evi-
dence that lifestyle education for reducing
2-h plasma glucose and the incidence of
type 2 diabetes in groups of high-risk in-
dividuals is effective and may be a useful
tool for preventing type 2 diabetes. Ap-
proaches that include lifestyle education
with the goal of preventing the develop-
ment of type 2 diabetes should be given
more attention.
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