Yoshida, et al.

approach. However, the TDE may have detected
wall motion of a considerably wide area near the
LAA apex because the ultrasonic amplitude of TDE
for the LAA wall velocity is much greater than that
of blood flow signals. Thus, the values of TDE for
LAA may show the maximum wall velocity near
the LAA apex. Moreover, signals from adjacent
structures such as the aorta and mitral valve ring
may be present, but these signals can be excluded
from the LAA contraction and relaxation signals
by time analysis of monitoring ECC.

In this study, we analyzed only a single LAA re-
gion. However, each region in the LAA wall may
show different myocardial velocities. Further stud-
ies are required to elucidate the significance of
regional wall motion analysis of LAA.

Conclusions:

TDE by TTE may be a feasible noninvasive method
for assessing LAA function. Relaxation of LAA may
decrease significantly with aging and may be
accompanied by age-related impairment of LV
relaxation.
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ORONARY HEART DISEASE
(CHD) is a major cause of dis-
ability and premature death
throughout the world.! Epide-
miological studies have demonstrated an
inverse association between physical fit-
ness and the incidence of CHD or all-
cause mortality in healthy or asymptom-
atic participants. Physical [itness is
typically expressed as cardiorespiratory
fitness (CRF) and is assessed by exer-
cise tolerance testing’; however, it is rare
for clinicians to consider CRF when
evaluating future risk of CHD.3
A major reason for lack of consider-
ation of CRF as a marker of CHD risk
may be that the quantitative association
of CRF for cardiovascular risk is not well
established. The degree of risk reduc-
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Context Epidemiological studies have indicated an inverse association between car-
diorespiratory fitness (CRF) and coronary heart disease (CHD) or all-cause mortality
in healthy participants.

Objective To define quantitative relationships between CRF and CHD events, car-
diovascular disease (CVD) events, or all-cause mortality in healthy men and women.

Data Sources and Study Selection A systematic literature search was con-
ducted for observational cohort studies using MEDLINE (1966 to December 31, 2008)
and EMBASE (1980 to December 31, 2008). The Medical Subject Headings search terms
used included exercise tolerance, exercise test, exercise/physiology, physical fitness,
oxygen consumption, cardiovascular diseases, myocardial ischemia, mortality, mor-
talities, death, fatality, fatal, incidence, or morbidity. Studies reporting associations
of baseline CRF with CHD events, CVD events, or all-cause mortality in healthy par-
ticipants were included.

Data Extraction Two authors independently extracted relevant data. CRF was es-
timated as maximal aerobic capacity (MAC) expressed in metabolic equivalent (MET)
units. Participants were categorized as low CRF (<7.9 METs), intermediate CRF (7.9~
10.8 METs), or high CRF (=10.9 METs). CHD and CVD were combined into 1 out-
come {(CHD/CVD). Risk ratios (RRs) for a 1-MET higher level of MAC and for partici-
pants with lower vs higher CRF were calculated with a random-effects model.

Data Synthesis Data were obtained from 33 eligible studies (all-cause mortality,
102 980 participants and 6910 cases; CHD/CVD, 84 323 participants and 4485 cases).
Pooled RRs of all-cause mortality and CHD/CVD events per 1-MET higher level of
MAC (corresponding to 1-km/h higher running/jogging speed) were 0.87 (95% con-
fidence interval [Cl], 0.84-0.90) and 0.85 (95% Cl, 0.82-0.88), respectively. Com-
pared with participants with high CRF, those with low CRF had an RR for all-cause
mortality of 1.70 (35% Cl, 1.51-1.92; P<<.001) and for CHD/CVD events of 1.56 (95%
Cl, 1.39-1.75; P<.001), adjusting for heterogeneity of study design, Compared with
participants with intermediate CRF, those with low CRF had an RR for ali-cause mor-
tality of 1.40 (95% Cl, 1.32-1.48; P<.001) and for CHD/CVD events of 1.47 (95%
Ci, 1.35-1.61, P<.001), adjusting for heterogeneity of study design.

Conclusions Better CRF was associated with lower risk of all-cause mortality and
CHD/CVD. Participants with a MAC of 7.9 METs or more had substantially lower rates
of all-cause mortality and CHD/CVD events compared with those with a MAC of less
7.9 METs,
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tion associated with each incremental
higher level of CRF, the criteria for low
CRF, and the magnitude of risk associ-
ated with low CRF have been inconsis-
tent among studies. Our goal of this
meta-analysis was to systematically re-
view the quantitative relationship be-
tween CRF and all-cause mortality and
CHD or cardiovascular disease (CVD)
events in healthy individuals.

METHODS
Search Strategy

The meta-analysis was conducted ac-
cording to the checklist of the Meta-
analysis of Observational Studies in Epi-
demiology.* We performed a systematic
literature search of MEDLINE (1966 to
December 31, 2008) and EMBASE
(1980 to December 31, 2008) for ob-
servational cohort studies. Three search
themes were combined using the Bool-
ean operator and. The first keywords
were related to CRF (combined ex-
ploded versions of the Medical Sub-
ject Headings [MeSH] as follows: exer-
cise tolerance OR exercise test OR
exercise/physiology OR physical fitness
OR oxygen consumption}; the second
keywords were related to the outcome
of this meta-analysis (combined unex-
ploded version of MeSH [cardiovascu-
lar diseases] or the exploded version of
MeSH [myocardial ischemia]) or the {ol-
lowing text words (mortality OR mor-
talities OR death OR fatality OR fatal OR
incidence* OR event* OR morbidity);and
the third keywords were related to risk
estimates (combined text words as fol-
lows: regression analysis OR regression
model* OR statistical regression® OR lo-
gistic regression® OR logit regression™
OR logistic model* OR logit model* OR
Coxmodel OR hazard model OR odds ra-
tio* OR ORs OR relative odds OR risk
ratio* OR relative risk* OR RRs). We
also included studies published in non-
English language. In addition, we
searched the reference lists of all iden-
tified relevant publications.

Inclusion and Exclusion Criteria

We included papers if (1) CRF was as-
sessed by an exercise stress test; (2) the
association of CRF with all-cause mortal-

©2009 American Medical Association. All rights reserved.
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ityand with CHD or CVDwasevaluated;
(3) CRF could be assessed as maximal
aerobic capacity (MAC), expressed in
units of metabolic equivalents (METs),
which is defined as the ratio of intensity
of physical activity to that of sitting at rest;
and (4) risk ratios (RRs)} and their corre-
sponding 95% confidence intervals (Cls)
relating to each category of MAC were re-
ported or could be calculated. We ex-
cluded studies that were intended only for
patients having aspecific disease that pre-
sented a major risk factor, such as diabe-
tes, hypertension, and familial hypercho-
lesteremia, as well as studies thatincluded
patients with CHD or chronic heart failure.

To avoid double counting of a co-
hort, study selection was limited to a
single set of results when multiple pub-
lications were available for a single ob-
servational study. The first priority for
selection was the study with the long-
est follow-up and the second was the
study with full cohort analysis cover-
ing the largest number of participants
among articles from a single cohort. We
conducted 2 separate meta-analyses for
risk of all-cause mortality and CHD or
CVD in relation to CRF. When an in-
dividual study provided data on both
CHD or myocardial infarction (M1) and
CVD,* priority for data abstraction was
given to CVD because CVD is more
comprehensive than CHD and MI.
Similarly, if data on both events and
deaths were provided ®®* priority was
given to events.

We combined CHD and CVD into 1
outcome (CHD/CVD), which included
studies whose outcome was a CVD event,
CVD death, CHD event, or CHD death,
because the number of eligible studies in-
cluded was limited. Although criteria for
the end point in CHD varied from study
to study, the end points that we speci-
fied as CHD outcome in our meta-
analysis were (1) death {from MI; (2)
death from CHD including MI; and (3)
a CHD event, a term which meant either
death from CHD, sudden cardiac death,
occurrence of nonfatal CHD, or nonfa-
tal ML. Additionally, we included stud-
ies whose outcome was either CVD death
(ie, encompassing death from cardio-
vascular causes other than CHD) or CVD

events (ie, lumping together fatal and
nonfatal CVD).

Data Abstraction

Data abstracted were the first author's
name, year of publication, country of ori-
gin, specific outcomes, duration of follow-
up, methods for outcome assessment, in-
strument or methods for measurement of
CRF, whether maximal exercise testing
(defined as instructing participants to con-
tinue exercise until their maximal work-
load) was conducted, mean of participants’
age, proportion of men, number of par-
ticipants and number of new cases (ie,
deaths or evenis) during the observational
periods, adjusted variables, and whether
participants with abnormal electrocardio-
gram findings (ie, ST elevation/depression)
during exercise testing were included. Two
of our investigators (S. Kodama and H.
Sone) independently reviewed each pub-
lished paper and extracted relevant infor-
mation. Any disagreement was resolved
by consensus.

In studies using CRF as a categorical
variable, we standardized all reported
RRs into comparison of the risk of the
lower CRF group with that in the higher
CRF group. Therefore, when the low-
est CRF group was referent, we con-
verted the reported RR into its recipro-
cal. When a study provided several RRs,
such as unadjusted and adjusted RRs, the
most completely adjusted RR was used.
The standard error (SE) of each RR was
derived from 95% Cls or P values. If data
related to RR and its corresponding SE
were not provided, their value was di-
rectly calculated using data on the num-
ber of participants (P) and new cases (C)
of risk and the reference (ref) groups in
each comparison, using the equation:

RR= [(Cnskansk)/(Cre/Prcf) ] B SEZ=
[(M/Ci9) - (1/P ) | + [(/Coe)-(1/P D ]

The MAC was calculated from the ex-
ercise workload at the termination of
exercise testing and relative exercise in-
tensity (ie, proportion of the work-
load to MAC). The exercise workload
was converted into MET units (1 MET
corresponds to 3.5 mL/min/kg of oxy-
gen consumption [V0,]), according to
the Metabolic Calculation Handbook by
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Figure 1. Selection of Articles for Meta-analysis

10679 Citations identfied using search terms

title and abstract

10498 Citations excluded based on

181 Potentially relevant articles ]

1 11 References obtained from manual searches

!

192 Potentially relevant articles screened
for more detailed evaiuations

159 Excluded

51 Did not assess CRF in terms of METs

4 Impossible to estimate CRF in terms of METs
35 Did not assess relationship between CRF and

risk of all-cause mortality or CHD/CVD

5 Insufiicient information on RRs or SE estimation
33 Included participants known to have preaxisting CHD
17 Data updated by more recent studies
14 Smaller subsets of full cohort studies

33 Articles included in review

CHD indicates coronary heart disease; CRF, cardiorespiratory fitness; CVD, cardiovascular disease; METs, meta-

bolic equivalents; and RRs, risk ratios.

the American College of Sports Medi-
cine.'® Relative exercise intensity was
estimated using a linear equation ac-
cording to Swain et al'":

heart rate at exercise/maximal heart
rate=0.64 X (VO, at exercise/maximal
Vo).
For some specific exercise stress tests, the
MAC was directly estimated using the
prediction equation determined by a pre-
vious validation study for each proto-
col of the exercise test (the Balke tread-
mill test,'2!? the modified Bruce test,'*
and the Canadian Home Fitness test%).

When exposure was expressed as a
range, we converted it into point estimates
expressed as average exposure using the
midpoint of the range except for the low-
estand highest fit group. i dataon the av-
erage value were not available, it was es-
timated by the assumption that the MAC
levels of the study population had anor-
mal distribution using the mean valueand
its SD of each study sample. This assump-
tion is consistent with a prior study.'®
However, if the SD was notavailable, we
assumed that its value equaled 2 METs,
according to the statement of the Ameri-
can Heart Association.!’

2026 JAMA, May 20, 2009—Vol 301, No. 19 (Reprinted)

After convertingallexposuresintoMET
units, we additionally adjusted MET units
forageand sex. According to a Statement
for Healthcare Professionals From the
American Heart Association,"” we assumed
thatthe MACis 2METs lower in women
than in men and that for each year of ag-
ing, it decreased by 0.1 MET based ona
prior study.™ Finally, we represented CRF
as the adjusted MAC under the assump-
tion that all participants were 50-year-old
men in the analyses described below.

Dose-Response
and Categorical Analyses
We first performed dose-response analy-
ses by summarizing how much risk
reduction could be predicted per incre-
mental increase in CRF. The study-
specific RR for each higher MET (cor-
responding to 1-km/h higher running/
jogging speed) in MAC, if not reported,
was estimated by regressing the natural
logarithm of the RR (InRR) according to
each CRF category against its corre-
sponding mean MAC value, using the
method described by Greenland and
Longnecker."”

We then performed categorical analy-
ses tosummarize the risk of all-cause mor-

tality and CHD/CVD for low CRF. Weas-
signed every RR reported in each study
to1 of the following 3 comparisons based
on the CRF level of risk and reference
group: (1) low vs high CRF, (2) low vs
intermediate CRF, and (3) intermediate
vs high CRF. This method is based ona
previous meta-analysis of the relationship
between activity level and stroke risk.?
Forstudies that presented risk estimates
for more than 2 CRF categories, the ranges
of the adjusted MAC of the lowest, high-
est, and in-between categories defined by
each study were 5.5107.8,11.0t015.2,
and 7.9 to 10.7 METs, respectively; ex-
cept that in 2 studies,?* the second high-
est category of CRF was more than 11.0
METs and, in 1 study,’ the highest cat-
egory of CRF was 10.6 METs.

To avoid overlap of the CRF range of
the 3 categories, we defined low, interme-
diate,and high CRF asless than 7.9 METs,
7.9t010.8METs, and 10.9METsor more,
respectively. Consequently, we could as-
sign every RRin each study to 1 of the 3
predefined subgroups with 2 exceptions.
In 2 studies,?* the mean MAC values for
both the highest and the second highest
category were the same as the high CRF
category (defined by =10.9METs). There-
fore, RR data for comparison between 2
CREF categories could not be included in
our categorical analysis for these 2 studies.

Statistical Analysis

The pooled RRs for a 1-MET higher level
of MAC and the lower CRF in compari-
son with the higher CRF within each of
the 3 comparisons were estimated by
using a [ixed-effects or random-ellects
meodel.”® If significant heterogeneity of
RRs that was tested by calculating the I
statistic?* was present, we chose the
pooled estimates from the random-
effects model because it is better than the
fixed-effects model and it explains be-
tween-study heterogeneity.

To examine the effect of study char-
acteristics on risk reduction per 1-MET
higher level of MAC, sensitivity analy-
ses were conducted for the possible con-
founders (mean age [=50 years or not],
sex [only men or not], adjustment for
smoking [yes or no), adjustment for mul-
tiple confounders, defined as adjustment

©2009 American Medical Association. All rights rescrved.
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Table 1. Characteristics of Studies Included in the Meta-analysis

No.of [Instrument Whether

No. of Mean (or Mean  Methods for Events for for Max or
Partici- Men, Midpoint) Follow-  Qutcome Specific Outcomes Each Assessing Sub
Source (Location) pants % Age,y up, y Measures (CHD/CVD Criteria} Outcome CRF  Reached?®
Aijaz et al,?® 2008 (US) 8620 73 52 16 Registry All-cause mortality 535  Treadmil Max
Aktas et al,* 2004 (US) 3554 81 57 8 Registry All-cause mortality 114 Treadmifl Sub
Allen et al,** 1980 (US)
Men 350 100 NA 1.1 Questionnaire CHD event {Ml, sudden 34 Ergometer Max
cardiac death)
Women 302 0 NA 10
Arraiz et al,* 2004 (Canada) NA NA a7 7 Registry All-cause mortality; 55,  Canadian Sub
CVD death {NA) 37 Home
Fitness
Test
Balady et al,® 2004 {US)
Men 1431 100 45 18.2  Hospital CHD event (onset of 224 Treadmill Sub
record AP, coronary
insufficiency, MJ)
Women 1612 o] 45 81
Bruce et &, 1980 (US) 2365 100 45 56 Questionnaire CHD event (NA) 47 Treadmill Max
Cumming et al,* 1975 {Canada) 486° 100 53 3 Questionnaire  CHD event (NA) 26 Ergometer Max
Erikssen et al, 1998 (Norway) 1428 100 57 13 Registry All-cause mortality; 238;  Ergometer Max
CVD death (CHD, 120
stroke, the other
CVD)
Erikssen et al,%” 2004 (Norway) 2014 100 49 26 Questionnaire  CHD death {CHD, 300  Ergometer  Max
and sudden cardiac
) registry death)
Farrell et a,% 2004 (US) 6925 0 43 11.4  Registry All-cause moriality 185 Treadmill Sub
Gulati et al,'® 2003 (US) 5721 0 52 8.4  Registry All-cause mortality 180  Treadmil Max
Guiati et al,* 2005 (US) 5636 0 52 9 Registry All-cause mortality, 171;  Treadmill Max
CVD death (ICD-9, 52
ICD-10)
Gulati et al,** 2005 (US) 5721 0 52 8.4  Registry CVD daath (NA) 180 Treadmil Max
Gyntelberg et al,*' 1980 (Denmark) 5249 100 50 5 Registry CHD event (M, sudden 170 Ergometer Sub
cardiac death)
Hein et al,* 1992 {Denmark) 49998 100 a8 17 Registry All-cause mortality 941 Ergometer Sub
Jouven et al,** 2005 (France) 5713 100 48 23 Hospitat CHD death (MI death) 21G Ergometer Sub
record
Kampert et al,** 1996 (US) 25341 100 43 84  Registry All-cause mortality 601 Treadmill Sub
Katzmarzyk et al*® 2005 (US) 19173 100 43 10.2  Registry Al-cause mortality 477 Treadmil Sub
Laukkanen et al,® 2007 (Finland) 1638 100 52 166  Registry All-cause mortality; 304;  Ergometer Max
CVD event ((CD-9, 340
ICD-10)
Laukkanen et al,® 2008 (Finland) 1638 100 52 166 Registry All-cause morlality; 304; Ergometer Max
CVD event (ICD-9, 340
ICD-10)
Miller et al,® 2005 {UK) 578 100 52 7.3  Questionnaire, All-cause mortafity; 68, Ergometer Sub
registry,  CVD event (CD-9) 62
and
hospital
record
Mora et al,*® 2003 (US) 2994 0 55 203  Questionnaire All-cause mortality, 427;  Treadmil Sub
and CVD death (NA) 147
registry
Myers et al,*” 2002 (US) 25345 100 56 6.2 Registry All-cause moriality 288 Treadmill Sub
and
ergometer
Peters et al,*® 1983 (LS) 2779 100 45 48 Hospital CHD event (M, sudden 36 Ergometer Sub
record cardiac death)
Rywik et al,*® 2002 (S} 1083 57 52 8.8 Registry CHD event (AP, Mi, 76 Treadmill Max
sudden cardiac
death)
{continued)
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P
Table 1. Characteristics of Studies Included in the Meta-analysis (continued)

No. of Instrument Whether
No. of Mean (or Mean  Methods for Events for for Max or
Partici- Men, Midpoint} Follow-  Qutcome Specific Qutcomes Each Assessing Sub
Source (Location) pants % Age,y up, ¥ Measures {CHD/CVD Criteria} Outcome CRF  Reached?
Sanavik et al,*® 1988 (Norway) 1960° 100 50 15.9  Registry All-cause mortality; 271; Ergometer Max
CVD death (NA) 143
Sawada and Muto,*' 1999 (Japan) 99862 100 37 14 Questionnaire  All-cause mortality; 247; Ergometer Sub
CHD death (CD-10) 72
Slattery and Jacobs,® 1988 (US) 2431 100 50 18.5 Registry All-cause mortality; 631;  Treadmil Sub
CHD death {CD-8) 258
Sabolski et al,? 1987 (Beigium) 1476 100 48 5 Registry CHD event {MI, sudden 19  Ergometer Sub
cardiac death)
Stevens et al,*' 2002 {US)
Men 2860 100 45 26 Questionnaire  All-cause mortality; 682; Treadmill Sub
and CVD death {{CD-9) 270
registry
Wormnen 2506 0 47 484;
179
Stevens et al,?? 2004 {US) 1358 100 48 19 Questionnaire  All-cause mortality; 211;  Treadmil Sub
and CVD death (CD-9) 98
registry
Sui et al,” 2007 (US)
Men 20278 100 44 10.4  Questionnaire CVD event (M, stroke, 1512 Treadmill Sub
coronary
revascularization)
Women 5909 0 45 159
Villeneuve et al,>* 1998 (Canada) 7561 48 45 7 Registry All-cause mortality 129  Canadian Sub
Home
Fitness
Test

Abbreviations: AP, angina pectoris; CHD, coronary heart disease; CRF, cardiorespiratory fitness; GVD, cardiovascular disease; [CD-8, international Classification of Diseases, Fighth Re-
vision; ICD-9, intemational Classification of Diseases, Ninth Revision; ICD-10, International Statistical Classification of Diseases, 10th Revision; MI, myocardial infarction; NA, not available.

2 Max, workload testing was continued until maximai workload; Sub, maximal workicad was predicted from findings of submaximal exercise workload.

b Including participants with abnomal exercise electrocardiogram {ie, ST elevation/depression).

for >3 factors among obesity, hyperten-
sion, total cholesterol or low-density li-
poprotein cholesterol, high-density li-
poprotein cholesterol and diabetes [yes
or no], mean follow-up [=12 years or
<12 years], instrument {or assessing
CRF [ergometer or others], and maxi-
mal exercise testing [yes or no]). To ex-
amine the extent to which between-
study heterogeneity was explained by
these study characteristics, we addition-
ally conducted linear multiple regres-
sion analyses by simultaneously enter-
ing these confounders as explanatory
variables.

Categorical analyses were repeated
with multiadjustment for the prespeci-
fied confounders to consider the po-
tential heterogeneity of study charac-
teristics among the subgroups (ie, low
vs high CRF, low vs intermediate CRF,
and intermediate vs high CRF). Tests
of interaction were performed to as-
sess whether the association between
CRF and the study outcomes varied
across these 3 subgroups.

2028 JAMA, May 20, 2009—Vol 301, No. 19 (Reprinted)

The Begg and Egger tests™* were used
[or assessment of publication bias (ie, the
tendency for positive associations to be
published and negative or null associa-
tions to be unpublished). We also fol-
lowed the Duval and Tweedie “trim and
fill"” procedure” as a method of adjust-
ment for suspected publication bias. This
method considers the possibility of hy-
pothetical “missing” studies that might
exist, imputes their RRs, and recalcu-
lates a pooled RR that incorporates the
hypothetical missing studies as though
they actually existed.

Two-sided P=.05 was considered
statistically significant, except for the
test of publication bias for which the
recommended levels are P<.10.% Data
were analyzed using STATA version 10
{STATA Corp, College Station, Texas).

RESULTS
Literature Search and Study
Characteristics

FIGURE 1 shows the number of studies
that were identified and excluded at dif-

ferent stages of the selection process.
A total of 33 studies™*621:2229:53 were
included in our meta-analysis. Char-
acteristics of the 33 selected studies
comprising 102 980 participants (range,
486-25 341) and 6910 cases (range, 26-
941) for all-cause mortality and 84 323
participants (range, 302-20278)} and
4485 cases (range, 10-1512) for CHD/
CVD are shown in TABLE 1. Twenty-
one studies® reported all-cause mor-
tality and 24 studiest reported CVD/
CHD. Mean age and follow-up duration
ranged from 37 to 57 years and 1.1 to
26 years, respectively. Eight stud-
ies®BITI4546495 were used for the dose-
response analyses only and 4 stud-
ies*'0404 were used for the categorical
analyses only. In 20 studies,¥ RRs were
adjusted for smoking and in 9 stud-

*References 5, 6, 8, 9, 16, 21, 22, 29, 30, 32, 36, 38,
39, 42, 44-47, 50, 51, 53.

tReferences 5-9, 21, 22, 31-37, 39-41, 43, 46, 48-
52.

*References 5, 7-9, 16, 21, 22, 30, 32, 33, 37-39, 44-
46, 48, 50, 52, 53.
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ies, 7916333946052 there were multiple

study confounders (available in an
eTable [htip//www jama.com]).

Dose-response Analyses

FIGURE 2 shows the pooled estimates
for the reduction in risk of all-cause
mortality and CHD/CVD per higher
MET of exercise capacity. Pooled RRs
of all-cause mortality and CHD/CVD
per 1-MET higher level of MAC were
0.87 (95% CI, 0.84-0.90) and 0.85 (95%
C1,0.82-0.88), respectively. There was
evidence of statistical heterogeneity of
RRs across studies (12=82.3%; P < .001
for all-cause mortality; 12=74.7%;
P<.001 for CHD/CVD).

TABLE 2 shows the results of analy-
ses investigating the associations of
study characteristics on each outcome.
The finding of risk reduction per higher
MET for all-cause mortality and CHD/
CVD was consistently significant in all
of the stratified analyses. However,
studies with a follow-up of at least 12
years had weaker associations with
study outcomes compared with those
that had follow-up of less than 12 years
for all-cause mortality (P=.08) and
CHD/CVD events (P=.004). The asso-
ciations between CRF and risk of CHD/
CVD events were stronger in studies
that used an ergometer for assessing
CRF (P=.009) or conducted maximal
exercise testing (P=.02) and were
weaker in studies that were adjusted for
smoking (P=.006) or muitiple meta-
bolic factors (P=.06). However, these
study characteristics did not influence
the associations between MAC and risk
of all-cause mortality.

Multiple regression analyses in which
all the study characteristics listed in
Table 2 were entered as independent
variables indicated that study charac-
teristics significantly explained the
heterogeneity ol the RRs per 1-MET
higher level of MAC (all-cause mortal-
ity, 79% of total variance; P=.01; and
CHD/CVD, 67% of total variance;
P=.01). After adjustment for these study
characteristics, there were neither sig-
nificant differences in risk estimates of
CHD/CVD between CHD and CVD
(0.89,95% Cl, 0.86-0.92 and 0.89; 95%

©2009 American Medical Association. Alf rights reserved.
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Ci, 0.87-0.90, respectively; P=.99) nor
between CHD or CVD death and CHD
or CVD events (0.88; 95% CI, 0.86-
0.90 and 0.90; 95% CI, 0.88-0.91, re-

spectively; P=.27).

Categorical Analyses

We performed categorical analyses to
summarize the risk of all-cause mortal-
ity and CHD/CVD for 3 subgroups (fow
vs high CRF [FIGURE 3], low vs inter-

Figure 2. Meta-analysis of Ali-Cause Mortality and CHD/CVD per 1-MET Higher Level of

MAC
Source Weight, % AR (95% CJ)

All-cause mortality
Erikksen et al,3¢ 1998 4.46 0.74 (0.67-0.81) i I
Aktas et al, 3 2004 4,52 0.78 (0.71-0.85) —&—|
Miller gt al,¢ 2005 2.33 0.78 (0.66-0.93) —a
Katzmarzyk et al, %5 2005 .01 0.81 (0.77-0.86) I—{
Laukkanen et a2 2007 5.78 0.82 (0.77-0.87) S 3
Gulati et al,® 2005 5.59 0.83 (0.78-0.89) -
Myers et al,#7 2002 5.84 0.84 (0.79-0.89)
Sawada and Muto,%' 1999 485 0.86 (0.78-0.92) -::-
Araiz et al 32 1992 4.45 0.87 (0.79-0.95) ——
Sancivik et a5 1983 3.38 0.88 (0.77-1.00) ——
Mora et al,46 2003 6.43 0.88 (0.84-0.92)
Stevens et al2* 2002 [women] 4.98 0.89 (0.82-0.96)
Farrell et al 2 2002 5.27 0.91 (0.84-0.98) -
Ajaz et 2l 2008 6.64 0.91 (0.87-0.94) n
Stevens et a2 2004 6.21 0.91 (0.87-0.96) -
Stevens et al2' 2002 men] 6.79 0.94 (0.81-0.97) ]
Vileneuve et a5 1998 2.84 0.84 (0.81-1.00) R e
Hein et al 2 1992 6.77 0.95 (0.92-0.98) : -
Slattery and Jacobs,® 1988 8.85 0.96 {0.93-0.99) | =

Overall 100.00 0.87 (0.84-0.90) 6

Test for heterogeneity: [2=82.3%; P<.001 , - .

04 0.6 08 10 12
RR per 1-MET Higher Level
of MAC (95% CJ)

CHD/CVD 1
Adlen et 2% 1980 {women) 1.32 0.51 (0.38-0.68) ~~~——m— |
Sabolski el &5 1987 0.49 0.57 (0.35-0.94) ~+—— 8+
Aller et ;%' 1980 [men] 3142 0.65 (0.56-0.76) —— |
Bruce et al,* 1980 3.66 0.75 (0.65-0.85) ——l~}
Peters et al,* 1983 1.70 0.77 (0.60-0,98) —
Araiz et al 2 1992 3.37 0.77 (0.66-0.89) —+
Miler et al,f 2005 2.54 0.78 (0.65-0.94) ——lJ|--
Gulati ef al,* 2005 3.11 0.78 (0.67-0.91) ——
Rywik et al,*® 2002 2,98 0.79 (0.68-0.93) —H—
Cumming et a1,® 1675 1.58 0.80 (0.62-1.08) —al
Jouven et al,* 2005 422 0.80 (0.74-0.80) ——I1L
Sawada and Mutto,5! 1999 3.77 0.81 (0.71-0.92) —
Gyntelberg et al.”" 1980 5.3 0.81 (0.75-0.88) e
Mora et al, ¢ 2003 6.59 0.83 {0.79-0.87)
Stevens et al2* 2002 jwomen} 2.83 0.83 (0.70-0.99)
Laukkanen et al® 2007 6.28 0.87 (0.82-0.92)
Erriksen et al.3 2004 5.32 0.90 (0.83-0.98) .-
Stevens et al22 2004 5.89 0.90 (0.84-0.95) T[.’
Sui et al,” 2007 [men)] 7.18 0.91 (0.89-0.94) |
Stevens et al,' 2002 {men] 6.48 0.93 (0.88-0.98) |
Slattery and Jacobs,’ 1988 8.86 0.94 (0.90-0.97) : -
Balady et al,* 2004 [men} 6.43 0.94 (0.89-0.99) |
Sui et al,” 2007 women] 467 0.94 (0.85-1.05) -
Balady et al,® 2004 [women] 427 0.97 (0.87-1.09) :—I—

Overall 100.00 0.85 (0.82-0.88) <

Test for heterogeneity: 1= 74.7%; P<.001 ! ———— \

0.4 0.6 0.8 10 1.2

RR per 1-MET Higher Level
of MAC (95% CIy

CHD indicates coronary hearl disease; CI, confidence interval, CVD, cardiovascular disease; MAC, maximal
aerobic capacity, MET, metabolic equivalent; RR, risk ratio. Area of each square is proportional to study

weight.
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mediate CRF |FIGURE 4], and interme-
diate vs high CRF [FIGURE 5]). After
adjustment for heterogeneity of study
characteristics and compared with high
and intermediate CRF, respectively, the
pooled RRs for the association of low
CREF with all-cause mortality were 1.70
(95% CI, 1.51-1.92) and 1.56 (95% CI,
1.39-1.75), respectively. After adjust-
ment [or heterogeneity and compared
with high and intermediate CRF, re-
spectively, the pooled RRs for the as-
sociation of low CRF with CHD/CVD
events were 1.40 (95% Cl, 1.32-1.48)
and 1.47 (95% CI, 1.35-1.61), respec-
tively. The pooled RRs for the associa-
tions of intermediate CRF with all-
cause mortality and CHD/CVD events
compared with high CRF were 1.13
(95% CI,1.04-1.22) and 1.07 (95% CI,
1.01-1.13), respectively. However, tests
of the interaction indicated that these
estimates for comparisons between in-
termediate and high risk were signifi-
cantly lower than for those between low

vs high CRF and low vs intermediate
CRF (P<.001 for any comparisons).
Tests of interaction also indicated that
there were no significant differences in
risk estimates for low vs high CRF com-
pared with low vs intermediate CRF
(all-cause mortality, P=.28; CHD/
CVD, P=.33).

Publication Bias

In risk estimates per 1-MET higher level
of MAC, there was a statistically signifi-
cant publication bias according to Eg-
ger test (all-cause mortality, P=.002;
CHD/CVD, P=.02). However, adjust-
ment for publication bias by the trim and
fill procedure could not detect hypo-
thetical negative unpublished studies that
could influence the study. In some of the
categorical analyses, statistically signifi-
cant publication bias was also observed
in risk estimates after adjustment [or
heterogeneity of study characteristics
(pooled RR of all-cause mortality for low
vs high CRF and low vs intermediate

CRF, P=.03 by Egger testand P=.03 by
Begg test, respectively; pooled RR of
CHD/CVD for low vs intermediate CRF,
P <.001 by Egger test). After incorpo-
rating the hypothetical studies using trim
and fill methods, the risk estimates were
attenuated in risk of all-cause mortality
for low vs high CRF (RR, 1.48; 95% Cl,
1.31-1.68) and low vs intermediate CRF
(RR, 1.35;95% C1,1.18-1.54), and CHD/
CVD forlow vs high CRF (RR, 1.38;95%
Cl, 1.30-1.45), which suggested the exis-
tence of potentally negative studies. Nev-
ertheless, these biases did not change the
general conclusions.

COMMENT

Our meta-analysis is the first to our knowl-
edge to quantify CRF as measured by
METs, which is a standard scale for ex-
pressing exercise workload, and its rela-
tionship to all-cause mortality and CHD
or CVD eventsin healthy menand wom-
en. According to the dose-response analy-
ses,a 1-MET higherlevel of MAC was as-

Table 2, Stratified Analyses of Pooled RR of All-Cause Mortality and CVD/CHD for Each MET Higher Level of Maximal Aerobic Capacity

All-Cause Mortality CHD/CVD
f 1 1 1
No. of No. of
Characteristics Cohorts RR (95% Cl) P Value® Cohorts RR (95% CI) P Value®

Mean age, =50y

No 10 0.90 (0.86-0.93) ] 10 16 0.89 (0.88-0.91) :' 80

Yes 9 0.84 (0.80-0.89) ) 8 0.84 (0.79-0.90) )
Only men

No 0.87 (0.84-0.91) :l 88 8 0.84 (0.81-0.87) ] 60

Yes 11 0.87 (0.83-0.91) ) 16 0.86 (0.83-0.89) ’
Adjustment for confounders, smoking

No 7 0.87 (0.83-0.93) 82 10 0.77 (0.70-0.85) :' 006

Yes 12 0.87 (0.84-0.90) ’ 14 0.89 (0.86-0.92) )
>3 Metabolic factors® ‘

No 14 0.86 (0.84-0.89) ] 67 16 0.81 (0.77-0.86) 6

Yes 5 0.86 (0.83-0.89) ) 8 0.89 (0.85-0.93) )
Patients with abnormal exercise electrocardiogram

No 10 0.85 (0.81-0.90) 20 16 0.83 (0.79-0.88) 0

Yes 9 0.90 (0.86-0.93) ) 8 0.90 (0.88-0.92) ’
Mean follow-up, 12y

No 0.84 (0.82-0.86) 08 13 0.78 (0.72-0.84) 004

Yes 11 0.91 (0.9-0.93) ’ 11 0.88 (0.86-0.92) ’
Ergometer used to assess CRF

No 13 0.90 (0.89-0.92) ] 82 13 0.88 (0.86-0.92) 009

Yes 6 0.88 (0.84-0.91) ’ 11 0.78 (0.73-0.84) ’
Whether workload testing was continued until

maximal workioad

No 15 0.88 (0.85-0.91) " 16 0.88 {0.85-0.91) ] 02
Yes 4 0.84 (0.76-0.92) ) 8 Q.77 {0.70-0.85) ’

Abbreviations: Cl, confidence interval; CHD, coronary heart disease; CRF, cardiorespiratory fitness; CVD, cardiovascular disease; RR, risk ratio.

aRepresents meta-regression for differences across strata,

Means of adjustment for more than 3 corcnary risk factors among obesity (or body mass index or waist-to-hip ratio), systolic blood pressure (or hypertension), total cholesterol {or
low-density lipoprotein cholesterol ar hyperlipidemia), high-density lipoprotein cholesterol, and diabetes.
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sociated with 13% and 15% decrements
in risk of all-cause mortality and CHD/
CVD, respectively. From the clinical view-
point, these values may be considerable.
For example, based on risk estimates of
the components of metabolic syndrome
according to the National Cholesterol
Education Program,* these findings sug-
gestthata 1-MET higher level of MACis
comparabletoa 7-cm, 5-mmHg, 1-mmol/
L,and 1-mmol/L decrement in waist cir-
cumference,” systolic blood pressure,>®

CARDIORESPIRATORY FITNESS AND CORONARY HEART DISEASE

triglyceride level (in men),” and fasting
plasmaglucose, > respectively,and a 0.2-
mmol/L increment in high-density lipo-
protein cholesterol ® It is possible that pre-
diction of CHD risk could be improved
by including CRF withalready established
risk factors for CHD.

In categorical analyses, individuals
with low CRF (<7.9 METs in MAC) had
a substantially higher risk of all-cause
mortality and CHD/CVD compared with
those with intermediate and high CRF

(7.9-10.8and =10.9 METs in MAC, re-
spectively). These risk estimates were
higher than those for individuals with in-
termediate CRF compared with those
with high CRF, according to the test of
interaction. These analyses suggest that
aminimal CRF of 7.9 METs may be im-
portant for significant prevention of all-
cause mortality and CHD/CVD. A pre-
vious review suggested that physical
activity yielding 1000 kcal energy ex-
penditure per week is needed for signifi-

Figure 3, Meta-analysis of All-Cause Mortality and CHD/CVD for Individuals With Low vs High CRF

All-Cause Mortality

No, of No. of Deaths
Individuais or Events
[ a——
tow High Low High Crude RR Favors ; Favors Adjusted AR Favors ; Favors
Source CRF CRF CRF CRF (95% C}) Low CRF | High CRF {95% Cl) Low CRF | High CRF
Slattery and Jacobs,’ 1988 NA NA  NA  NA  1.23(1,17-1.30) [ ] i 1.47 (1.39-1.55) B
Hein et al,% 1992 976 994 78 47 1.43(1.18-1.73) o 1.53 (1.26~1.85) -d-
Ajjaz et al Z 2008 NA NA NA  NA  1.50(1.28-1.76) L & 1.25 (1.07-1.47) I X
Vileneuve et al,% 1998 321 3935 8 80 1.52{0.72-3.19) ——.—:— 1.22 (0.58-2.57} —_—
Stevens el al,2' 2002 fmen] NA NA 280 64 1.59(1.18-2.14) — 1.92 (1.43-2.59) «h—
Farrell et al.® 2002 1657 4521 75 57  1.75(1.22-2.53) i 1.25 (0.87-1.80) -+
Stevens el al,?! 2002 fwomen]  NA NA 208 33 1.84(1.24-2.72) 2,23 (1.50-3.30) +m—
Sandvik et al,* 1993 480 487 106 24 1.85(0.90-3.80) E 1.38 (0.67-2.83) —*-—|J|—-
Kampert et al,* 1996 3435 7343 197 81 2.04 {1.55.2.68) 1.42 (1.08-1.87) -
Stevens et al, 2 2004 NA NA 77 24 2.13(1.34.3.38) —— 2.58 (1.62-4.09) ——
Laukkanen et al,? 2008 410 410 124 39 2.48(166-3.71) i 1.83 (1.22-2.73) —F——
Sawada and Muto,5* 1999 1793 1889 96 17 2.56(1.47-4.47) —{—.— 2.38 (1.36-4.14) T
Erikksen et al, % 1998 357 357 97 37  262(1.85-3.72) +i— 2.00 (1.47-2.96) ~+il—
Araiz et al,* 1992 833 80t 36 12 2.70{1.36-6.35) —a— 2.17 (1.09-4.30) —
Gulati et al,'s 2003 NA NA NA  NA  3.10(205-4.69) :——.—— 1.89 (1.25-2.86) —JF—
Myers et al,*? 2002 NA NA NA  NA  452{300-6.80 | —— 2.96 (1.97-4.46) | — i —
Overall 2.00 {1.66-2.42) 4> 1.70 (1.51-1.92) é>
12=86,7%; P<.001 ey B=61.5%;P=.001 | — et
025 05 10 20 40 80 025 05 10 20 40 80
Crude RR (95% CJ) Adjusted RR (95% Cl)
CHD/CVD
Slattery and Jacobs, 1988 NA  NA NA  NA 1.18(1.10-1.26) m | 1.35 (1.26-1.45)
Sui et al,? 2007 [men) NA NA 345 503 1.33(1.14-1.55) - E 1.44 (1.24-1,68)
Stevens et al,2' 2002 NA NA 1089 27 1.53{0.97-2.41) -t 1.35 (0.85-2.12) 4+
Laukkanen et al,? 2008 410 410 53 14 2,08 (1.42-3.04) . 1.48 (1.02-2.17) —h—
Stevens et al, 22 2004 jmen] NA NA 40 12 2,17 (1.12-4.19) —+— 1.81 {0.99-3.69) —Jl—-—
Sandvik et al.%¢ 1993 400 487 45 13 2.44(1.19-5.00} —— 1.34 {0.65-2.74) «
Gynteloerg et al,*' 1980 1064 1180 64 22 2,62(1.63-4.23 —im— 1,81 (1.12-2.92) e
Erikksen et al.* 1998 357 as7 50 19 2.63 (1.58-4.37 —lg 1.53 {0.92-2.55) S —
Stevens etal,2' 2002 [women] NA NA 89 7 288 (1.30-6.43) —I—-— 1.97 (0.89-4.38) —{-—-——
Sawada and Muto,® 1909 1783 1889 28 7 3.23(1.34-7.75) —— 2.38 (0.99-5.73) e
Gulati et al,* 2005 NA NA  NA  NA 4.27(1.03-17.66) 1.74 {0.42-7.20) R ——
Armaiz et al,*2 1992 1024 811 32 4 5.40(1.87-15.62) JI—-— 2.60 {0.90-7.52) —{—-———
Bruce et al.* 1980 16 2349 3 44 10,01 (3.46-28.93) | ——e—=  4.05(1.40-11.70) ——
Overall 2.18 (1.70-2.82) é 1.40 {1.32-1.48) 6
P=821%; P<001 — P=0% P=55 et
0063 025 1.0 40 160 0083 025 1.0 40 160
Crude RR (95% CI) Adjusted RR (85% CI)

CHD indicates coronary heart disease; C!, confidence interval; CRF, cardiorespiratory fitness; CVD, cardiovascular disease; MET, metabolic equivalent; NA, not available; RR,
risk ratio. Low and high CRF categories were defined as less than 7.9 METs and 10.9 METs or more of maximal aerobic capacity, respectively, under the assumption that all
participants were 50-year-old men, Crude and adjusted RR indicate RRs before and after adjustment for study heterogeneity among the subgroups, respectively.
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cant risk reduction of all-cause mortal-
ity.%® However, using CRF may be
preferable to using physical activity as
risk predictors because 1 prior study®
suggested that physical fitness was more

strongly correlated with CHD than physi-
cal activity.

According to the results reported
herein, the minimum CRF level that is as-
sociated with significantly lower event

rates for menand women is approximately
9 and 7 METs (at 40 years old), 8 and 6
METs (at 50 years),and 7 and 5 METs (at
60 years), respectively. This means that
women and men younger than 60 years

Figure 4. Meta-analysis of All-Cause Mortality and CHD/CVD for Individuals With Low vs Intermediate CRF

All-Cause Mortality
No. of No. of Deaths
Individuais or Events
|
Low int tow Int Crude RR Favors : Favors Adijusted RR favors ; Favors
Source CRF CRF CRF CRF  (95% Cl) Low CRF } int CRF (95% Cl) Low CAF | Int CRF
Hein et al,*2 1992 [second] 976 1012 78 62 1.05(0.89-1.25) - ! 1.26 (1.06-1.49) -
Hein et al,*2 1992 [iourth] 976 1010 78 61 1.08(0.91-1.30) - : 1.30 (1.09-1.55) —I—;
Hein et al,*? 1992 {third] g76 1007 78 56 1.13(0.95-1.35) i 1.35 (1.13-1.61) -
Erikksen et al,% 1998 ithird) 357 157 97 65 1.40(1.26-1.77) - 1.33(1.12-1.57) -
Kampert et al,* 1996 [third] 3436 4560 197 110 1.64 (1.29-2.09 1.27 (1.00-1.62) Ll
Sawadaand Muto 3! 1999 ffourth] 1793 2123 96 49 1.67 (1.16-2.40) 1.72 (1.20-2.48) +—
Sanavik et al,5 1993 [third] 490 491 106 77 1.60(081-3.54) B — 1.41 (0.68-2.95) B —
Myers et al¥7 2002 [fourth] NA  NA  NA NA 1.75(1.10-2.80) — 1.94 (1.21-3.09) —t—
Kampert et al,* 1996 ffourth] 3436 4237 197 111 1.82(1.44-2.29) +— 141 (1.12-1.78) -I%-
Sandvik et al,5 1993 [second] 490 492 106 64 1.89(0.92-3.86) —— 1.57 (0.77-3.22) —
Kampert et al, 1996 [second] 3436 5765 187 102 192 (1.52-2.44) -+ 1,50 (1,18-1.90) -
Sawada and Muto5! 1999 [second] 1793 2143 96 35 1.82(1.37-2.70) A 1.99 (1.42-2.80) Ao
Sawada and Muto®' 1999 fthird] 1793 2038 96 50 2.00(1.33-3.02) e 207 (1.37-3.19) -
Farrell et al,® 2002 1657 747 75 63 2.04(1.45-2.87) A 1.62 (1.15-2.28) —.—
Miller et al. 2005 286 292 45 23 2.08(1.23-3.52) —— 1.41 (0.83-2.38) ——wh
Myers et al,*7 2002 jthird] NA  NA NA NA 239150380 -{—-— 2.64 (1,66-4.20) }~—|-
Erikksen et ai,* 1938 jsecond)] 3657 357 97 39 2.49(2.10-2.96) s = 2.21 (1.85.2.62) |
Owerall 1.68 (1.43-1.97) & 1.56 (1.39-1.75) &
12 =82.9%; P<.001 S e P=842%;P<001 N —————
025 05 10 20 40 80 025 05 10 20 40 BO
Crude RR [85% CI) Adjusted RR (95% Cl)
CHD/CVD
Sui et al” 2007 {men] NA NA 345 864 1.12(0.98-1.28) - : 1.42 (1.24-1.62) ‘
Sui et al” 2007 {women, second] NA NA 35 63 1.20{0.7B-1.85) | 1.18(0.77-1.82) -
Sui et al7 2007 [women, frst] NA  NA 35 61 1.28(0.81-2.03) St 1,25 (0.79-1.99) b
Gyntelberg et al*! 1980 ffourth] 1084 923 64 34 1.45(0.97-2.19) —-—IL 1.77 (0.78-1.76) -
Eriksen ot ai,% 1998 {third] 37 357 S0 30 1.67(1.02-2.72) e 1.84 (1.13-2.99) ——
Sawadaand Muto ' 1999 [fourth] 1793 2038 28 14 167 (1.022.71) —m— 1.44 (0.88-2.34) ——
Sandvik et af,5 1993 (third] 490 491 45 38 1.69(0.81-3.54) ——ul— 1.08 (0.52-2.26) ——
Jouven et al,* 2005 3305 2408 152 58 1.78(1.32-2.40) —+ 1.54 (1.14-2.07) -
Cumming et al. 1980 204 282 15 11 1.96(0.924.17) e 0.71 (0.33-1.51) — i
Sawadaand Mutos' 1999 Jthird] 1763 2123 28 14 1.96(1.12-3.43) —— 1.69 (0.97-2.96) e
Gyntelberg et al,*! 1880 {third] 1064 1170 64 31 2.05(1.34-3.12) - 1.65 (1.08-2.51) ‘F‘“
Milker et al& 2005 286 292 43 19 2.13(1.22-3.70) — 1.69 (0.97-2.94) ———
Peters et al,* 1983 NA NA 26 10 2.20(1.06-4.55) — - 1.63 (0.79-3.36) D
Sandvik et al, % 1993 [second] 490 492 45 32 2.22(1.09-4.54) — 1.42 (0.70-2.91) et
Sawada and Muto5* 1099 [second] 1783 2143 28 9 2.2 (1.18-4.18) —— 1.92 (1.02-3.61) e
Erikksen et al,% 1998 {second] 357 457 50 &1 2.38(1.43-3.95) —t— 162 (0.97-2.69) —
Gynteloerg ot al*" 1980 fsecond] 1064 912 64 19 2.63(1.59-4.35) 4o 212 (1.28-352) R
Allen ot al.%' 1980 [men] 21 329 8 25 5.64(303-10.50) : —— 2.08 (1.12-3.87) ~|L-——
Allen et al,3' 1980 [womer] 13 289 4 6 14.82(4.76-46.18) | ——=  423(1.36-13.19) e
Overall 1.96 (1.59-2.42) €> 1.47 (1.35-1.61) <$
R=746%; P<.001 ___ . —— R=0%;P=58 ; ,
0083 025 1.0  4C 160 0063 025 10 40 180

Crude RR 85% CI) Adjusted RR [95% Cl)

CHD indicates coronary heart disease; Cl, confidence interval; CRF, cardiorespiratory fitness; CVD, cardiovascular disease; Int, intermediate; MET, metabolic equiva-
lent; NA, not available; RR, risk ratio. Low and intermediate CRF categories were defined as less than 7.9 METs and 7.9 to 10.8 METs of maximal aerobic capacity,
respectively, under the assumption that ali participants were 50-year-old men. Crude and adjusted RR indicate RRs before and after adjustment for study heterogeneity
among the subgroups, respectively. The words first, second, third, and fourth in brackets represent comparisons between the lowest CRF category and the highest,
second, third, or fourth CRF category in the relevant study.
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would need to complete stage 1 (1.7 mph
at gradient 10°) and stage It (2.5 mph at
gradient 12°), respectively, of thestandard

Bruce protocol, which is one of the most

CARDIORESPIRATORY FITNESS AND CORONARY HEART DISEASE

commonly used treadmill tests in clini-
cal settings.!* If the CRF level is expressed
in terms of walking speed, men around
50 years of age must be capable of con-

tinuous walking at aspeed of 4 mph and
women must continuously walk at 3 mph
forprevention of CHD, ! with the assump-
tion that the anaerobic threshold is 50%

Figure 5. Meta-analysis of All-Cause Mortality and CHD/CVD for Individuals With Intermediate vs High CRF

All-Cause Mortality

No. of Na. of Deaths
Individuals or Events

int High Int

Source CRF CRF CRF
Vileneuve et a,%° 1998 3395 321 41
Erikicsen et al,% 1998 [second] 357 357 39
Slevens el a2? 2004 {fourth) NA NA 38
Slattery and Jacobs,5 1988 [second] NA NA  NA
Stevens et al,22 2004 [third] NA  NA 32

Slattery and Jacobs,® 1988 [third] NA NA NA
Stevens et al,2' 2002 {men, third) NA NA 127

Hein et al,* 1992 {third] 1007 994 56
Laukianen et al,® 2008 [second] 410 410 52
Hein et a),*2 1992 {fourth] 1010 994 61
Stevens etal?' 2002 [fourth] NA  NA 88
Hein et al,%2 1992 {second] 1012 994 62
Stevens etal?! 2002 [women, third] NA  NA 80
Arraiz et al° 1992 370 801 7
Stevens et al,*! 2002 [wornen, fourth] NA ~ NA 104
Myers st al, %7 2002 [third] NA NA  NA
Erikksen et al,* 1998 ftnird] 357 357 65
Gulati et a),'¢ 2003 NA NA  NA
Laukkanen et al,? 2008 [third] 408 410 B9
Myers et al 47 2002 fourtn] NA  NA NA
Aktas et al,*0 2004 904 2650 64
Cverall
Stevens et al,22 2004 [third] NA  NA 10
Arraiz et al,2 1992 376 811 1
Stevens et al,2! 2004 [fourth] NA NA 18

Gyntelberg et al,*' 1980 [second] 812 1180 19
Stevens et al,2! 2002 [men, third] NA NA 47
Slattery and Jacobs,® 1988 [second] NA NA NA
Erikksen et al,* 1998 [second} 357 357 21
Slattery and Jacobs,> 1988 [third) NA NA NA
Stevens et al?' 2002 [men, fourthf  NA NA 35
Gyntelberg et al,** 1980 [third] 117G 1180 n
Erikksen et al,% 1998 |second} 357 357 30
Laukkanen et al,® 2008 [sacond] 410 410 18
Gyntelberg et al,*' 1980 [fourth] 923 1180 34
Laukkanen et al,? 2008 [third] 409 410 31
Guilati et al,* 2005 NA  NA NA
Stevens et al 2! 2002 [women, third]  NA NA 30
Stevens et al, ' 2002 [women, fourth] NA NA M

Overall

High Crude RR Favors ;| Favors
CRF {85% ClI} Int CRF ; High CRF
8 1.02 (069-1.51} —a—
37 1.05(0.68-1.61)

27 1.07 0.63-1.81)
NA  1.07(1.02-1.13) [
27 1.10 (0.65-1.87) R
NA 1.5 (1,10-1.21)

64 1.18(0.87-160) -
47 1.26 (0.82-1.95} —
38 1.26(0.83-1.92 —

-t
.
-
.
47 131085202 -+
-
e

J

64 1.33 (0.96-1.85)
47 1.36{0.BB-2.08} -

33 1.48(0.98-2.24)
12 1.60 (0.60-4.23)
33 1.75(1.17-2.62) ——
NA  1.75 (1,10-2.80) —t
37 1.76(1.21-2.56) S
NA  1.90 (1.27-2.84)
39 1.94(1.31-2:88) e
NA  2.39 {1.50-3.80) 1—-—
50 2.95(1,98-4.39) | ——
1.38 (1.25-1.53) $
R=70.7%:; P<.001 . i [ i
025 05 10 20 40 80
Grude RR (95% CJ)
GHD/GVD

12 065 (0.27-1.55) —_—
4 080009687 — o
12 0.98 (0.46-2.08) —
22 1.00(0.54-1.83) —
108 1.00 (0.62-1.62) —
NA  1.06 (0.97-1.15)
19 1.11(0.60-2.02)
NA  1.13(1.04-1.23)
108 1.22(0.73-2.04) =
22 1.28(0.75-2.20) —
18 1.58(0.91-2.75)
141,66 (1.14-2.41)
22 1.80(1.06-3.06)
14 1.89(1.31-2.73)
NA  2.02(0.45-8.84) —
7 2.18(0.95-5.01)
7 2.23(097-5.12)

*%'ﬂrr

“p

1.13 (1.07-1.20)
P=389%;P=05 ___ —
0.063 0.25 1.0 A0 16.0
Crude RR (95% CJ)

Favors | Favors

Adjusted RR int | High

(95% CY) CRF : CRF
0.68 (0.46-1.01) —
0.70 (0.46-1.07) —

|
|
1.08 (0.64-1.83) —4—

1.06 (1.01-1.12) .
1.11 (0.65-1.88) B
1.14 (1.08-1.20) *
1.19 (0.88-161) —
1,12 0.73-1.74) ——
0.77 (0.51-1.18) —
117 (0.76-1.80) ——
1.34 (0.97-1.86) -
1.21 (0.78-1.86) —Ha—
1.49 (0.99-2.26)
1.07 {0.40-2.83)
.
i
1 -
p

1.76 (1.18-2.64) |
0.96 (0.60-1.53) —
1.16 (0.80-1.70)
0.97 (0.85-1.44)
1.18 (0.80-1.76)
1.31 (0.82-2.08) —
1.95 (1.31-2.90)

1.13 (1.04-1.22)
£=43.3% P=.02 -
025 05 10 20 40 80
Adiusted AR (5% C)

0.50 (0.21-1.20) ———

0.34 (0.04-2.95) T—

0.76 (0.35-1.61) ——-—J'—

0.60 (0.33-1.11) —

0.77 (0.48-1.25) i

1.07 (0.98-1.16)
0.56 (0.31-1.03)
1.14 (1.05-1.24)
0.94 (0.55-1.57) —
0.78 (0.45-1.33) —
0.81 (0.46-1.41) —
1.04 (0.72-1.51) —
1.09 (0.64-1.85) —
1.18 (0.82-1.71) =
0.72 (0.17-3.16) [
1.30 {0.57-3.00) —
1.33 (0.58-3.06) —

A

1.07 {1.01-1.13)
P=19.8%;P=22 i -
0.063 0.25 10 4.0 16.0

Adjusted RR (95% CH)

CHD indicates coronary heart disease; CI, confidence interval; CRF, cardiorespiratory fitness, CVD, cardiovascular disease; int, intermediate; MET, metabolic equiva-
lent; NA, not available; RR, risk ratio. intermediate and high CRF categories were defined as 7.9 to 10.8 METs and 10.9 METs or more of maximal aerobic capacity,
respectively, under the assumption that all participants were 50-year-old men. Crude and adjusted RR indicate RRs before and after adjustment for study heterogeneity
among the subgroups, respectively. The words second, third, and fourth in brackets represent comparisons between the second, third, or fourth highest CRF category

and the highest CRF category in the relevant study.
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to 60% of MAC % 1t is possible that con-
sideration of low CRF as a major coronary
risk factor could be putinto practical use
in the clinical setting through identifica-
tion oflow exercise tolerance by exercise
stress testing or in daily life by the speed
at which a person can walk before expe-
riencing exhaustion.

Some cross-sectional population stud-
ies have suggested that higher aerobic fit-
ness is associated with more favorable
coronary or cardiovascular risk factor
profiles®®®* therefore, the association be-
tween CRF and the risk of all-cause mor-
tality and CHD/CVD could potentially
be explained by residual confounding by
established risk factors. Our sensitivity
analyses indicated that a weaker asso-
ciation was observed between a 1-MET
higher level of MAC and risk reduction
of CHD/CVD, but not all-cause mortal-
ity, in studies with adjustment for smok-
ing or more comprehensive risk fac-
tors. This finding suggests that better
CRF is independently associated with
longevity, while the inverse association
between CRF and risk of CHD/CVD is
explained partly by established coro-
nary risk factors.

Limitations of this meta-analysis
must be considered. First, a possible
misclassification bias might affect our
results. Misclassification bias could oc-
cur in transforming the reported CRF
data into MET units. However, all of the
prediction equations used in our analy-
ses for estimating MAC have already
been validated and are commonly used.
Another possible misclassification bias
is due to the fact that the definitions of
low, intermediate, and high CRF were
fundamentally based on study-
specific CRF classifications, which var-
ied from study to study but were not
based on a standard cutoff. Fortu-
nately, we could assign every expo-
sure in each study to 1 of the 3 catego-
ries, which did not overlap with few
exceptions, although MAC values in
each category are approximately 1 MET
smaller than those based on a general
standard (eg, data from the National
Health and Nutrition Examination Sur-
vey®). Therefore, the possibility of mis-
classification bias due to those 2 rea-

2034 IAMA, May 20, 2009—Vol 301, No. 19 (Reprinted)

sons should be limited. Second, Begg
or Egger tesis suggested publication
bias. However, trim and fill analyses to
incorporate potentially existing nega-
tive studies did not change the general
result, although the risk estimates were
moderately attenuated. Nevertheless,
this possibility was not fully excluded
by this analysis.

Based on the [indings of our meta-
analysis, we suggest for future research
(1) further development of a CHD pre-
diction algorithm (eg, Framingham
Scores®) that would consider both CRF
and the classical coronary risk factors to
allow physicians to use CRF as a major
risk factor in clinical settings; (2) cost-
effectiveness of exercise testing for
assessing CRF from the viewpoint of
primary prevention of all-cause mortal-
ity and CHD; and (3) a clinical trial to
determine whether an intervention that
improves CRF by exercise reduces
the risk of all-cause mortality and CHD.

In conclusion, better CRF was asso-
ciated with lower risk of all-cause mor-
tality and CHD/CVD. A 1-MET higher
level of MAC was associated witha 13%
and 15% risk reduction of all-cause mor-
tality and CHD/CVD, respectively. The
minimal MAC value for substantial risk
reduction in persons aged 50 (SD, 10)
years was estimated to be 8 (SD, 1) METs
formen and 6 (SD, 1) METs for women.
We suggest that CRF, which can be
readily assessed by an exercise stress test,
could be useful for prediction of CHD/
CVD and all-cause mortality risk in a pri-
mary care medical practice.
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Aim: To investigate the efficacy of continuing glimepiride in combination with basal-
prandial insulin therapy in type 2 diabetes.
Methods: An open crossover study was performed with arms of discontinuation and con-
tinuation of glimepiride in 25 subjects with mean diabetes duration of 17 years and 5 years of
insulin treatment combined with glimepiride plus metformin. At entry and at the end of
each 3-month arm, meal tolerance tests were performed for measurements of blood glucose
and C-peptide.
Results: In terms of between-treatment differences (discontinuation vs. continuation arm of
glimepiride) during meal tolerance tests performed at the ends of arms, significant increases
in plasma glucose were seen on the discontinuation arm at 0-, 30-, and 60-min, while
significant decreases in serum C-peptide were observed at 60- and 120-min. A1C values of
the discontinuation arm significantly increased (from 6.6 + 0.6 at baseline to 7.7 + 0.8 at 3-
months, p < 0.0001). Increases in A1C were closely correlated with decreases in area under
the curve of meal-stimulated serum C-peptide (r = —0.61, p < 0.0001).
Conclusions: Since endogenous insulin secretion is more physiological than subcutaneous
insulin injection, continuing glimepiride may remain beneficial, partly through enhancing
insulin secretion, in individuals with a long duration of diabetes and basal-prandial insulin
therapy.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

overload stimulation of insulin secretion to B-cells and may
accelerate apoptotic B-cell death [8]. Other experts, albeit the

Whether one should continue the use of sulfonylurea (SU) in
subjects who have started and/or maintained insulin
therapy still remains uncertain [1-4]. Examining the advan-
tages and limitations is thus highly important. Some experts
may discontinue the use of SU. Several older review papers
[2-4] and original studies [5-7] were not necessarily in favor
of the use of SU in combination with insulin. SU may affect

majority, continue the use of SU when starting insulin
therapy. Several reports have supported SU-combined
insulin therapy since it leads to better glycemic control
than insulin alone [1,9-14]. However such studies involved
older medications such as glibenclamide (or glyburide) [S-
7,13,14], glipizide [7,11,14], or chlorpropamide [11,13], with
ultralente, NPH, or premixed insulin [5-7,11-14], and the
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achieved metabolic control as measured by glycosylated
hemoglobin A1C (A1C) has not been satisfactory, i.e., over
8.0%. Glimepiride is a new third-generation SU, which has an
equivalent hypoglycemic effect to that of glibenclamide. It
can improve both insulin secretion and peripheral insulin
sensitivity [15-17]. A recent new concept of physiological
basal-prandial insulin replacement has led to the develop-
ment of analogue insulin including prandial rapid-acting
insulin and insulin glargine. Glargine is a long-acting insulin
with a more favorable 24-h time-action profile having no
pronounced peak and less hypoglycemia than conventional
long- or intermediate-acting insulins [18]. It is important to
investigate the optimal treatment for maintaining near-
normal glycemia since it could prevent microvascular and
macrovascular complications.

Although these new medications of glimepiride and basal-
prandialinsulin therapy have been developed, no studies have
investigated whether glimepiride should be continued in
individuals receiving basal-prandial insulin. It remains un-
clear whether the endogenous insulin secretion, as measured
by serum C-peptide, should be enhanced by glimepiride to
sustain good glycemic control under basal-prandial insulin
treatment. The aim of the present study was to investigate the
efficacy of continuing glimepiride in subjects with type 2
diabetes. We performed an open crossover study with arms of
discontinuation and continuation of glimepiride, and investi-
gated the physiological mechanism underlying the benefits of
the combination therapy.

2. Research design and methods
2.1.  Subjects

We investigated 25 subjects with type 2 diabetes who
fulfilled the following inclusion and exclusion criteria.
Subjects had type 2 diabetes of at least 5 years’ known
duration, were aged at least 40 years, and had negative tests
for anti-GAD antibody (GADAb Cosmic, Tokyo, Japan)
without any episodes of ketoacidosis, BMI < 40 kg/m?, and
A1C level <8.0% with three-time injections of premeal
insulin, one insulin glargine in the morning, glimepiride
6 mg before breakfast, and metformin 750 mg. Glimepiride
6 mg and metformin 750 mg are the maximum doses allowed
in Japan. Subjects with A1C >8.0% were not included since
excessive hyperglycemia would have limited the sensitivity
of the SU-withdrawal procedure. They had had a poor
glycemic control (A1C level >8%) despite maximal dose of
SU, glibenclamide 10 mg/day or glimepiride 6 mg/day,
together with metformin (750 mg/day) in addition to diet
and exercise therapy. They had been treated with insulin
therapy including human rapid and NPH insulin, and all
subjects had been treated for at least one year with basal-
prandial insulin therapy using rapid-acting insulin (aspart/
lispro) at each meal (as prandial insulin) and insulin glargine
in the morning with continuing glimepiride 6 mg/day and
metformin 750 mg/day. Titration of insulin dose and the
algorithm, and shifting of the insulin-regimen from NPH to
glargine were performed as previously described [19].
Subjects with impaired hepatic, renal, or cardiac function

MTT-1 MTT-2 MTT-3 MTT-4
- - — —

7

T T T T T

0 3m 9m 12m 18m

Fig. 1 - Study design of open crossover study. Dotted lines
indicate periods when glimepiride was withdrawn. Meal
tolerance tests (MTT) were performed four times, and
glycosylated hemoglobin was measured up to 6 months
after the discontinuation/continuation arms of glimepiride
were completed.

or recurrent major hypoglycemia were excluded. All subjects
gave written informed consent, and the study was approved
by the ethical committee and carried out in accordance with
the Helsinki Declaration II.

2.2. Methods

Fig. 1 shows the study design of the open crossover study.
After aninitial meal tolerance test (MTT) in which all subjects
took glimepiride before the meal, together with metformine
and rapid-acting/glargine insulin, each subject was random-
ized to either the continuation or discontinuation arm of
glimepiride. At the end of the 3-month arm, the second MTT
was performed and thereafter glimepiride was restarted in
patients on the discontinuation arm. Six months after the
second MTT, each patient was crossed over to the alternative
treatment arm. The third and fourth MTTs were done at the
start and end of the 3-month period. In order to assess
the contribution of glimepiride to the concurrent insulin
therapy, the insulin dose/regimen was fixed throughout the
study.

MTT was performed after an overnight fast (more than
12 h). A pre-specified breakfast was prepared for the test,
containing carbohydrate 63.8g, protein 24.6g, fat 11.0g,
sodium 1.2 g, and a total of 466 calories. Blood samples were
drawn before and after 30-min, 60-min, and 120-min. The
plasma glucose concentration was measured by the glucose
oxidase method. The A1C was measured by high-perform-
ance liquid chromatography (normal range, 4.3-5.8%) stan-
dardized by the Japan Diabetes Society and was certified by
the American National Glycohemoglobin Standardization
Program (NGSP =1.019 x JDS + 0.30). Serum C-peptide con-
centration was measured by radioimmunoassay using a C-
PEPTIDE RIA kit (Shionogi, Osaka, Japan). The interassay
variation coefficients were 5-8% for all assays.

Hypoglycemia was defined as any episode in which clinical
symptoms were confirmed or blood glucose level was
confirmed <3.3 mmol/l (60 mg/dl). Hypoglycemia was consid-
ered minor when the episodes were self-treated by the
patients, and as major when the episode required any kind
of external help.
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2.3.  Statistical analysis

Results are given as mean =+ SD. Differences between relevant
groups were tested by the Student’s unpaired t-test or paired t-
test for continuous variables with Bonferroni corrections for
multiple comparisons. Comparisons among the three groups
were performed using one way analysis of variance. The chi-
squared test was used for discrete variables. Between-
treatment difference of A1C was explored by the ANCOVA
test, with treatment group as a fixed effect and sex, age,
duration of diabetes, BMI, and baseline values of total insulin
dose, A1C, fasting plasma glucose, and fasting C-peptide as
covariates to compare within-subject treatment differences.
Pearson's coefficient was used to analyze the correlation
between two continuous variables. p-Values under 5% (two-
tailed) were considered to be significant. All analyses were
performed with the statistical software package SPSS (Dr SPSS
1l version, SPSS Japan Inc., Tokyo, Japan).

3. Results

The clinical characteristics of the subjects at baseline are
shown in Table 1. The insulin dose, a mean of 15 units of
prandial and 12 units of glargine, was unchanged throughout
the study, together with 750 mg of metformin. Baseline values
of plasma glucose and C-peptide during the MTT were similar
between arms of discontinuation and continuation of glime-
piride (Fig. 2A). Baseline values of A1C had no association with
the fasting or prandial C-peptide levels. In terms of the
between-treatment differences (discontinuation vs. continu-
ation arm) during the MTT performed 3-months after
randomization, significant increases in plasma glucose were
seen in the discontinuation arm at 0-, 30-, and 60-min (Fig. 2B),
while significant decreases in serum C-peptide were observed
at 60- and 120-min (Fig. 2). Similarly, when compared to the
baseline values in the discontinuation arm (i.e., just before the
discontinuation of glimepiride), significant increases in
plasma glucose at 0- and 30-min and decreases in serum C-
peptide at 30-, 60-, and 120-min were seen after 3-month
discontinuation of glimepiride. Accordingly, the A1C values of
the discontinuation arm significantly increased (from 6.6 + 0.6

Table 1 - Clinical characteristics of subjects with type 2
diabetes.

N : 25
Sex (M/F) 17/8

Age (years) 63+7
BMI (kg/m?) _ 254423
Known duration of diabetes (years) 17+11
Prior treatment with sulfonylurea (years) 10+6

Prior treatment with insulin (years) 542

Total insulin dose (units/day) 2749
Total insulin dose (units/kg) 0.41+013
Prandial insulin dose (units/day) 1547
Glargine insulin dose (units/day) 1245
A1C (%) 6.6+0.7
Fasting plasma glucose (mmol/l) 8.16 +1.83
Fasting serum C-peptide (mmol/l) 0.38+0.18
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Serum C-peptide (nmolf)
Z s

A discontinuation arm after 3-month
» confinugtion arm after 3-month
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Fig. 2 - Plasma glucose values (A) and serum C-peptide
values (B) during meal tolerance tests (MTT) before and 3-
months after randomization into discontinuation or
continuation of glimepiride. The lines indicate
discontinuation (G—) and continuation (G+) after 3-
months. *p < 0.001, 'p < 0.01, ‘p < 0.05 vs. continuation at 3-
months. p < 0.0001, p <0.01 vs. the baseline.

at baseline to 7.7 + 0.8 at 3-month, p < 0.0001), compared with
those of the continuation arm throughout the three-month
period (Fig. 3). These values returned to the baseline values
three months after restarting glimepiride.

To investigate what factors at baseline are associated with
a subsequent increase in A1C after withdrawal of glimepiride,
predictors for 3-month changes in A1C were sought in the
discontinuation arm. While changes in A1C had no significant
associations with baseline values of A1C (r=0.01, p=0.50),
total insulin dose (r=0.06, p=0.39), duration of diabetes
(r=-0.35, p=0.09), treatment period with SU (r=-0.10,
p = 64), fasting C-peptide (r=0.28, p=0.11), increment of C-
peptide during the first 30-min (r=0.35, p=0.09), and area
under the curve (AUC) of C-peptide during meal tolerance tests
(r=0.27, p = 0.08), only BMI (r = 0.46, p = 0.02) was significantly
associated. Changes in A1C also had no significant associa-
tions with 3-month values of fasting C-peptide (r=0.13,
p=0.53) and AUC of C-peptide during meal tolerance tests
(r =0.02, p=0.90). We found, however, that increases in A1C
including both arms were closely correlated with decreases in
AUC of serum C-peptide during the MTT (r = —0.54, p < 0.0001),
and were more closely correlated with decreases of incre-
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Fig. 3 - A1C values after assignment into discontinuation or

continuation of glimepiride. *p < 0.001, 'p < 0.0001 vs.
continuation at the same month.

mental serum C-peptide after the meal (r = —0.61, p < 0.0001,
Fig. 4). The correlation coefficient was —0.45 (p = 0.03) when
limited to the discontinuation arm.

Since the duration of diabetes varied widely, the results of
AI1C values and serum C-peptide values before and after
discontinuation of glimepiride (in the discontinuation arm)
were analyzed by the tertiles of duration of diabetes. Fasting
and post-meal serum C-peptide levels tended to be lower in
the groups of longer duration, however, the differences did not
reach the statistical significance. The three groups, i.e., short
(<13 year, n =9), middle (13-17 year, n = 8), and long (>17 year,
n = 8) duration of diabetes, exhibited similar worsening of A1C
after discontinuation of glimepiride (6.6 +0.8-7.7 £0.9,
6.6 +0.4-7.8+ 0.9, 6.7 + 0.6-7.6 + 0.8%, respectively p < 0.01).
Significant falls in post-meal C-peptide (120-min) after
discontinuation of glimepiride were observed in each three
group (1.22 +0.51-0.85 +0.45, 1.02+0.37-0.68 +0.51, and
0.79 + 0.33-0.48 + 0.29 mmol/], respectively, p < 0.05).

Incidences of minor hypoglycemia (episodes per person-
month) between discontinuation and continuation arms were
0.23 vs. 0.21 during the three months prior to the assignment
(p=0.99),0.04 vs. 0.12 during the assigned 3-months (p = 0.13),
and 0.16 vs. 0.27 thereafter (p = 0.16). No major hypoglycemia

Changes in AUC of
meal-stimulated C-peptide
0.66 e a discontinuation arm
s = continuation arm
0.33 4
° g
-0.33
-0.66 R=-061
P<0.0001
-0.99
A a &
-1 0 1 2 3

Changes in A1C (%)

Fig. 4 - Correlation between changes in A1C during 3-
month randomization and concurrent changes in the area
under the curve (AUC) of meal-stimulated C-peptide.

occurred. Changes in body weight (kg) between discontinua-
tion and continuation arms were —1.2+1.0 vs. —0.7+1.1
during the assigned 3-month period (p = 0.09), and 0.8 + 1.4 vs.
0.7 + 1.7 thereafter (p = 0.87).

4, Discussion

We performed an open, crossover study to assess the
contribution of glimepiride to metabolic control in subjects
with type 2 diabetes who were relatively well controlled with
physiological basal-prandial insulin replacement. Our find-
ings indicated that the effects of glimepiride did not decline
severely after more than 10 years of diabetes. While not a few
studies have examined the use of SU in combination with
insulin (as reviewed in [1-4,9,10]), the notable features in the
present study and the distinct differences from the previous
reports were as follows. (1) Subjects had been treated with
insulin for a mean of five years, while most previous studies
were done when initiating insulin therapy [5-7,11-13]. Known
duration of diabetes of 17 years in our study was longer than in
any other reports [5-7,11-13], and responses to discontinua-
tion of glimepiride were shown according to groups with
different durations of diabetes. (2) Most studies included one
or two insulin injections [5-7,11-13], while basal-prandial
insulin therapy including multiple (four times) injections, i.e.,
intensive insulin therapy, has never been investigated. (3)
Older generation SUs were used previously and glimepiride
was investigated in only one study [12]. (4) The baseline A1C of
6.6% is the lowest, compared with 8-9% or more in other
studies [5-7,12~14]. (5) Studies employing crossover design and
MTT have rarely been conducted [20,21].

The UK Prospective Diabetes Study showed that early
addition of ultralente injection once in subjects with a mean
A1C 0f 6.9% on maximal dose of SUreduced and maintained the
A1C over six years to a median of 6.6%, which was significantly
lower than the median of 7.1% in subjects with insulin alone
[11]. Thisindicated the usefulness of SUwhen initiating insulin,
but did not clarify whether the use of SU should be continued
thereafter. Nybédck-Nakell et al. indicated the usefulness of
continuing SU in subjects with long duration of SU plus insulin
treatment by demonstrating worsening of fasting plasma
glucose after SU withdrawal [14]. Theirs was a small pilot study
thatincluded subjects who used various kinds of SU and insulin
and whose follow-up times varied. Our findings, supported by
these studies, extended this issue further.

Stenman et al. performed the MTT [20] and found that
fasting plasma glucose concentrations were improved more
than postprandial glucose concentrations by adding gliben-
clamide to insulin (one dose of intermediate-acting insulin)
using a crossover design. Schade et al. also showed
improvement of concentrations in fasting plasma glucose,
but not post-challenge glucose after oral glucose tolerance
test, through a crossover design of adding glyburide to insulin
[21]. These glucose profiles are consistent with our findings,
and it is likely that the use of SU influences fasting more than
postprandial plasma glucose concentrations. The effect of SU
on improving fasting plasma glucose may be explained by its
suppression of hepatic glucose production either directly or by
stimulation of insulin secretion [22].
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It should be noted that the doses of insulin were unchanged
in our study. Insulin doses in most of the previous reports were
reduced due to the improvement of metabolic control by
addingSU [7,11,12,20]. Some showed concomitant increases in
fasting C-peptide levels [18,19], which were not found in our
study. This may be partly due to the reduction of insulin dose
enhancing SU-stimulated fasting C-peptide, since it is known
that exogenous insulin can inhibit endogenous insulin
secretion [23].

Unfortunately we failed to find any significant baseline
variables predictive for individual response to glimepiride
with basal-prandial insulin therapy, except for BMI. More
obese subjects exhibited worsening of A1C after glimepiride
withdrawal. Glimepiride is reported to have an extrapancrea-
tic effect [16]. However, the extrapancreatic effect of glime-
piride was uncertain in the present study because no
correlations were found between BMI and C-peptide and/or
insulin dose (data not shown). Future studies will be necessary
to clarify this effect.

Overall, the frequencies of hypoglycemia and weight gain
were very small compared with previous studies [5-7,11-13,20],
whereas hypoglycemia tended to be lower during the discon-
tinuation period. This may partly be due to the development of
insulin analogues that mimic physiologic basal-prandial insu-
lin secretion, together with the use of metformin. Regarding the
cost, glimepiride 6 mg plus insulin 40 units (basal 20 units and
prandial 20 units), forinstance, costs 1522 US dollars per year for
apatient. SU may reduce the insulin dose by approximately 30%
or more [11,12], and thus the corresponding insulin dose of 58
units (basal 28 units and prandial 28 units) without glimepiride
costs 1616 US dollars per year for a patient. Therefore at least,
the combination therapy may not be inferior to insulin alone in
terms of economic benefits.

We believe that combined use of glimepiride is preferable
to insulin alone, since secreted endogenous insulin firstly
passes through the portal vein and liver, which is in distinct
contrast to subcutaneously injected insulin. Combined use of
glimepiride, or SUs generally, may potentially enhance the
stabilizing effects of remaining endogenous insulin, leading to
a reduction of risk for exogenous insulin-induced hypoglyce-
mia at a given level of glycemic control [1,9,24]. Even if the
equivalent excellent control could be achieved through
sufficient quantity and adequate timing of injected insulin,
enhancement of insulin secretion by adding SUs with smaller
doses of insulin injection would be more physiological.
Alternatively, we should acknowledge that our study needs
to be extended and requires an intervention study, in which
subjects are randomized to continue the present regimen with
glimepiride or to withdraw glimepiride and make any
necessary changes in insulin dose to maintain glycemic
control. The comparison of glycemic control, weight gain,
and frequency of hypoglycemia may validate the usefulness of
glimepiride in combination.

Some limitations of our study need to be mentioned. The
effect of glimepiride on metabolic control in individuals with
type 2 diabetes and insulin therapy found in our study cannot
be generalized to those with very low insulin secretion, with
seriously poor metabolic control or with extreme obesity,
although endogenous insulin secretion is preserved in most
subjects with type 2 diabetes. We were unable to find any

predictive factors at baseline for the efficacy of glimepiride,
although the baseline values of duration of diabetes, fasting C-
peptide, increment of C-peptide during the first 30-min, and
AUC of C-peptide during MTT showed borderline statistical
significance. Our finding that incremental meal-stimulated C-
peptide response to glimepiride was related to better A1C is
supported by others [1] and gives an insight into the
physiology underlying the observed effect. However, more
detailed evaluations for insulin secretion and sensitivity, such
as glucose clamp and 24-h profile for C-peptide and blood
glucose, and greater numbers of subjects may be necessary in
future studies to elucidate this issue. Finally, the question of
whether a medium or low dose of glimepiride could also be
effective needs further study.

In conclusion, our findings indicated the efficacy and
usefulness of maintaining use of glimepiride in combination
with basal-prandial insulin therapy, even for subjects with a
long duration of diabetes and insulin treatment, at least in part
through the enhancement of endogenous insulin secretion.

Appendix A. Supplementary data

Supplementary data associated with this article can be

found, in the online version, at doi:10.1016/j.dia-
bres.2010.10.007.
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