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Influence of Revascularization on Long-Term Outcome in Patients
>75 Years of Age With Diabetes Mellitus and Angina Pectoris

Raban V. Jeger, MD, Piero O. Bonetti, MD, Michael J. Zellweger, MD, Daniel Tobler, MD,
Christoph A. Kaiser, MD, Stefan Osswald, MD, Peter T. Buser, MD,

Matthias E. Pfisterer, MD*, and the TIME Investigators

Little is known about the effect of revascularization in patients >75 years of age with
symptomatic coronary artery disease (CAD) and diabetes mellitus (DM) for whom
periprocedural risk and overall mortality are increased. Therefore, we examined the
301 patients of the Trial of Invasive versus Medical therapy in the Elderly with
symptomatic CAD (TIME) with special regard to diabetic status. Patients were
randomized to an invasive versus optimized medical strategy. The median follow-up
was 4.1 years (range 0.1 to 6.9). Patients with DM (n � 69) had a greater incidence
of hypertension (73% vs 58%, p � 0.03), >2 risk factors (93% vs 46%, p <0.01),
previous heart failure (22% vs 12%, p � 0.04), and previous myocardial infarction
(59% vs 43%, p � 0.02), and a lower left ventricular ejection fraction (48% vs 54%,
p � 0.02) than did patients without DM. Mortality was greater in patients with DM
than in those without DM (41% vs 25%, p � 0.01; adjusted hazard ratio 1.86, p �
0.01). Revascularization improved the overall survival rate from 61% (no revascu-
larization) to 79% (p <0.01; adjusted hazard ratio 1.68, p � 0.03), an effect similarly
observed in patients with and without DM. The event-free survival rate was 11% in
nonrevascularized patients with DM compared with 40% in nonrevascularized pa-
tients without DM and 41% and 53% in revascularized patients with and without
DM, respectively (p <0.01). Angina severity and antianginal drug use were similar for
patients with and without DM, but those with DM performed worse in daily activities
and physical functioning. In conclusion, elderly diabetic patients with chronic angina
have a worse outcome than those with DM but benefit similarly from revasculariza-
tion regarding symptom relief and long-term outcome. However, physical functioning
related to daily activities is reduced in those with DM and may need special attention.

© 2005 Elsevier Inc. All rights reserved. (Am J Cardiol 2005;96:193–198)
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o data are available comparing medical and revasculariza-
ion strategies in elderly patients with diabetes mellitus
DM) for whom the intervention risk is increased further
nd coronary artery disease (CAD) usually more diffuse.
oreover, it is not known whether elderly diabetic patients
ith CAD derive similar benefit from an invasive strategy

s do younger patients. The Trial of Invasive versus Medical
herapy in the Elderly with symptomatic CAD (TIME) was
he first prospective study comparing 2 CAD treatment
trategies in elderly patients.1,2 It offered the opportunity to
ompare the effects of these treatment strategies in elderly
atients with versus without DM and to evaluate whether
evascularization should also be considered in diabetic pa-
ients �75 years of age.
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ethods
Patients: The TIME protocol has been previously de-

cribed.3 In brief, patients �75 years who were referred to
of 14 Swiss centers for assessment of chronic angina

ectoris (Canadian Cardiovascular Society class �2), de-
pite receiving �2 antianginal drugs, were enrolled irre-
pective of whether they had undergone previous revascu-
arization procedures. Patients were excluded if they had
cute myocardial infarction within the previous 10 days,
oncomitant valvular or other heart disease, predominant
eart failure, life-limiting concomitant diseases such as can-
er or severe renal failure, an unwillingness or impossibility
o undergo revascularization, and an impossibility of in-
reasing or optimizing medical therapy. The ethics commit-
ee of the Swiss Academy of Medical Sciences and the local
thics committees of each center approved the study. Each
atient gave informed written consent. For the present anal-
sis, all patients with known DM were compared with those
ithout DM.

Definitions and follow-up: In this prespecified sub-

roup analysis, DM was defined as treatment with antidia-

www.AJConline.org
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etic drugs and/or a history of DM. Patients were random-
zed to an invasive or optimal medical strategy. The
nvasive strategy consisted of coronary angiography in all
atients, followed by percutaneous coronary intervention or
oronary artery bypass graft surgery, if feasible, according
o the decision of the physicians in the participating centers.
he optimal medical strategy was an increase in the number
nd/or dose of antianginal drugs, with the aim to reduce
ymptoms as much as possible. Additionally, antithrom-
otic and lipid-lowering drugs were advised. Quality of life
as assessed by a standardized questionnaire containing the
hort Form 12,4 the Duke Activity Status Index,5 and the
ose Questionnaire for angina.6 The primary end point was
efined as quality of life and freedom from major adverse
linical events, that is, death, documented myocardial in-
arction, and hospital admission for acute coronary syn-
romes with or without the need for revascularization after
months. A follow-up examination was done after 6 and 12
onths and by questionnaire after a median of 4.1 years

range 0.1 to 6.9) to obtain information on quality of life and
he occurrence of death, myocardial infarction, and hospi-
alizations with or without revascularization.7 All reported
eaths were verified through death certificates or by review
f hospital charts, and the reason of death was defined as
ardiac or noncardiac. Myocardial infarction was defined as
clinical event with significant electrocardiographic and

nzymatic changes. An independent event committee adju-
icated all possible events for this study.

Statistical analysis: The study was designed as a mul-
icenter-controlled randomized trial, and all statistical anal-
ses were performed at the study center in Basel, Switzer-
and. Although the initial analysis was based on the
ntention-to-treat principle, this analysis was based on a
econdary analysis according to the treatment-received prin-
iple. Continuous variables were described as the mean
alue and SD, and comparisons between groups were done
ith the Wilcoxon Mann-Whitney test. A comparison of

ategorical variables was performed using the chi-square
est or Fisher’s exact test. Time-to-event variables with
ensored values were described using Kaplan-Meier statis-
ics, and comparisons between groups were assessed using
he log-rank test or the Cox proportional hazards model,
djusting for baseline differences in gender, age, hyperten-
ion, previous myocardial infarction, previous congestive
eart failure, peripheral vascular disease, and use of
-blockers, diuretics, and angiotensin-converting enzyme

nhibitors. Quality-of-life questionnaires were analyzed ac-
ording to the specific tests used, as previously described.1

ecause no significant long-term survival or quality-of-life
ifferences were noted in the overall TIME study,7 all
ntianginal therapies, drugs, and revascularizations were
aken together in the present analysis of patients with versus
ithout DM. All p values were 2-sided, and p �0.05 was
onsidered statistically significant. D
esults
Patients and baseline characteristics: Of the 301

IME patients, 69 (23%) had DM. Of the patients with DM,
8 (26%) were treated with insulin. Compared with the
atients without DM, those with DM had increased cardio-
ascular morbidity but less often received adequate anti-
schemic therapy (Table 1). However, no significant base-
ine differences were noted regarding the number of
ngiographically diseased vessels (Table 1) or parameters of
ymptom severity or quality of life (Table 2) between those
ith and without DM. No significant differences in baseline

haracteristics existed between patients with DM with and
ithout insulin therapy (data not shown).

Revascularization during follow-up: During follow-
p, 46 patients with DM (67%) and 133 patients without

able 1
aseline characteristics

ariable Diabetes Mellitus p
Value

No (n � 232) Yes (n � 69)

ge (yrs) (mean � SD) 80 � 4 80 � 4 0.76
omen 44 41 0.57

ystemic hypertension 58 73 0.03
urrent smoker 32 39 0.29
istory of hypercholesterolemia 49 46 0.59
2 Atherosclerotic risk factors 46 93 �0.01

revious myocardial infarction 43 59 0.02
revious percutaneous coronary

intervention
10 1 0.02

revious coronary artery bypass
grafting

12 9 0.49

yspnea 55 65 0.12
revious heart failure 12 22 0.04
eripheral vascular disease 14 29 �0.01
enal failure 11 17 0.15
2 Co-morbidities 24 35 0.08
eft ventricular ejection

fraction (mean � SD)
0.54 � 0.12 0.48 � 0.12 0.02

o. of coronary arteries
narrowed �50%†

0 8 5 0.30
1 14 15
2 20 13
3 58 67
rug therapy
Acetylic salicylic acid 84 82 0.75
Warfarin derivatives 11 16 0.22
Diuretics 35 52 0.01
Angiotensin-converting

enzyme inhibitors
25 43 �0.01

� blockers 81 64 �0.01
Calcium antagonists 49 54 0.44
Long-acting nitrates 74 83 0.14
Molsidomin 38 39 0.88
Digoxin 5 10 0.09
Lipid-lowering agents 24 24 0.99

* Wilcoxon Mann-Whitney test for continuous and Fisher’s exact test
or categorical variables.

† Known for invasive treatment–assigned patients only.
M (57%) underwent revascularization (p � 0.21), most
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195Coronary Artery Disease/Revascularization in Elderly Diabetics With Angina
ithin the first year of the study (91% of diabetics and 99%
f nondiabetic patients). Of all revascularized patients, 57%
f those with and 62% of those without DM underwent
evascularization by treatment assignment (invasive strat-
gy group; p � 0.49), and 45% and 41%, respectively, did
o for drug-refractory symptoms during the first year of
ollow-up (optimal drug strategy group; p � 0.69). In pa-
ients with DM, revascularization was performed by percu-
aneous coronary intervention in 30 (65%) and coronary
rtery bypass graft surgery in 16 (35%) compared with
ercutaneous coronary intervention in 81 (61%) and coro-
ary artery bypass graft surgery in 52 (39%) without DM (p

0.72; Figure 1).

Long-term symptoms and quality of life: Neither an-
ina severity measured by Canadian Cardiovascular Society
lass and the Rose questionnaire score nor the mean number
f antianginal drugs differed in patients with and without
M at long-term follow-up (Table 2). However, the ease of
erforming daily activities, as measured by the Duke Ac-
ivity Status Index score, was significantly worse for pa-
ients with DM compared with those without DM, a finding
upported by a trend toward worse physical functioning in
atients with DM according to the Short Form 12 data. In
ontrast, no changes were observed over time and no dif-
erences were found between patient groups in the mental

able 2
ymptoms and quality of life

Diabetes mellitus p
Value*

No
(n � 232)

Yes
(n � 69)

ngina
CCS class (baseline) 3.1 � 0.7 3.2 � 0.7 0.12
CCS class (1 year) 1.3 � 1.6 1.6 � 1.5 0.14
CCS class (long-term) 1.1 � 1.5 1.5 � 1.7 0.21
Rose score (baseline) 3.7 � 1.0 3.4 � 1.3 0.14
Rose score (1 year) 1.7 � 1.9 2.4 � 1.9 0.02
Rose score (long-term) 1.6 � 1.9 2.2 � 2.2 0.13
hort Form 12
Physical (baseline) 32.4 � 10.2 32.2 � 9.6 0.82
Physical (one year) 41.9 � 9.4 40.1 � 10.9 0.39
Physical (long-term) 41.5 � 10.5 37.1 � 10.6 0.07
Mental (1 year) 49.9 � 11.3 50.1 � 11.3 0.76
Mental (1 year) 52.6 � 9.3 51.3 � 8.3 0.29
Mental (long-term) 53.4 � 8.3 49.7 � 10.7 0.20
uke Activity Status Index
Baseline 13.3 � 11.3 12.8 � 11.7 0.58
1 year 19.0 � 14.2 14.3 � 11.8 0.04
Long-term 18.5 � 13.6 11.0 � 12.4 0.0005

Data presented as mean � SD.
CCS and Rose score 0 to 4, with 0 � no pain and 4 � pain at rest. Duke

ctivity Status Index scores on scale from 0 to 58, with higher scores
ndicating more favorable status. Short Form 12 scores on scale from 0 to
00, with higher scores indicating more favorable status.
* Wilcoxon Mann-Whitney test.
CCS � Canadian Cardiovascular Society class.
omponent summary score of Short Form 12. b
Long-term freedom from major events: During fol-
ow-up, 28 patients with DM (41%) died compared with 57
25%) without DM (p � 0.01; Table 3), a difference that
emained significant after adjustment for baseline differ-
nces (adjusted hazard ratio 1.86, p � 0.01; Figure 2). A
imilar difference in disfavor of patients with DM was noted
or the cardiac death rate (33% vs 18%, p � 0.01; adjusted
azard ratio 1.98, p � 0.02), but not for nonfatal cardiac
vents. Overall, freedom from major adverse clinical events
fter long-term follow-up was only 16% for patients with
M compared with 34% for patients without DM (p � 0.01;

djusted hazard ratio 1.33, p � 0.09). Of those with DM,
atients requiring insulin treatment tended to have greater
ardiac mortality than did those who did not or those with-
ut DM (39% vs 31% vs 18%, p � 0.02). The adjusted
azard ratio was 2.8 (p � 0.03) for patients with DM treated
ith insulin compared with patients without DM. The ad-

usted hazard ratio was 1.4 (p � 0.37) for patients with DM
ho did not require insulin compared with patients without
M.

Effect of revascularization during first year on long-
erm events: Overall, revascularization during the first year
f the study had a beneficial effect on long-term survival.
he survival rate with revascularization was 79% versus
1% without revascularization (p �0.01; adjusted hazard
atio 1.68, p � 0.03). This beneficial effect of revascular-
zation on cardiac survival was also noted in patients with
nd without DM (Figure 3). The survival rate for those with
M was 74% versus 52% for those who underwent and did
ot undergo revascularization (p � 0.07), respectively. The
urvival rate for those without DM was 90% versus 72% for
hose who underwent and did not undergo revascularization
p �0.01; p for interaction � 0.21), respectively. Similarly,
ong-term survival without major adverse clinical events
as greatest in nondiabetic patients with revascularization

53%) followed by patients with DM and revascularization
41%) and patients without DM on continued drug therapy
40%). These rates contrasted with the worst survival rate
or patients with DM who did not undergo revascularization
ithout major adverse clinical events of only 11% (p

igure 1. Flowchart of TIME patient population. CABG � coronary artery

ypass graft surgery; PCI � percutaneous coronary intervention.
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0.01). Among the revascularized patients with DM, no
ignificant differences were found in long-term outcome
etween the 2 methods of revascularization used. The mor-
ality rates after percutaneous coronary intervention and
oronary artery bypass graft surgery were similar in patients
ith (25% vs 43%, p � 0.32) and without (10% vs 19%, p

0.22) DM. However, in patients with DM, angina was
ess severe at late follow-up (Rose score 0.9 � 1.6 vs 2.6 �
.9, p � 0.04 for percutaneous coronary intervention and
oronary artery bypass graft surgery, respectively) and drug
se was lower (1.1 � 0.3 vs 1.9 � 1.1 for antianginal drugs,
�0.01) after surgery compared with after percutaneous

oronary intervention.

iscussion

he present analysis is the first study to address the effect of
ifferent anti-ischemic therapies on long-term outcome in

igure 2. Kaplan-Meier survival curve (all-cause deaths) of TIME patients

able 3
ajor adverse clinical events

vent Diabetes mellitus

No (n � 232)

ny death 25
ardiac death 18
yocardial infarction 13
evascularization 27
ospitalization without revascularization 27
ajor adverse clinical events 66

* Fisher’s exact test.
† Adjusted by gender, age, hypertension, previous myocardial infarction,

-blockers, diuretics, and angiotensin-converting enzyme inhibitors.
‡ Cox proportional hazards model.
HR � hazard ratio.
ith versus without DM (log-rank p � 0.0057). p
atients �75 years with DM compared with those without
M of similar age. Our results have shown that both all-

ause and cardiac survival are worse in elderly patients with
M, particularly if the patients require insulin. However,

lderly patients with DM seem to benefit similarly from
evascularization in terms of symptom relief and long-term
ardiac survival compared with patients without DM. Still,
hysical functioning, particularly regarding daily activities,
s reduced in patients with DM compared with those without
M. Physical function may need special attention in these

lderly patients for them to keep their independence. This
as been shown before for younger populations8 and may in
art be explained by the greater prevalence of co-morbidi-
ies and lower ejection fractions in patients with DM.

In younger populations, subgroup analyses comparing
edical and revascularization strategies have suggested that

ymptomatic improvement is greater in patients with versus
ithout DM after revascularization but that mortality is not

igure 3. Kaplan-Meier survival curve (cardiac deaths) of TIME patients
ith versus without DM and with and without revascularization (log-rank

p Value* HR† p Value‡

es (n � 69)

1 0.01 1.86 0.01
5 0.01 1.98 0.02
9 0.40 0.44 0.11
2 0.40 1.21 0.48
2 0.45 1.15 0.60
4 0.01 1.33 0.09

s congestive heart failure, peripheral vascular disease, and treatment with
Y

4
3

3
2
8

previou
� 0.0001).
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ignificantly different.9 These findings are complicated by
actors including that silent ischemia after revascularization
s relatively frequent and that DM is an independent pre-
ictor of adverse events in patients after percutaneous cor-
nary intervention.10 Furthermore, silent ischemia in pa-
ients with DM has a prognostic input similar to that of
ymptomatic ischemia.11 Until the present analysis, no data
ere available on the outcome of patients �75 years with
M regarding medical versus revascularization therapy,

lthough DM and age have repeatedly been identified as
ndependent risk factors of CAD.12 The present findings
ave confirmed that mortality is particularly high in elderly
atients with DM. Our results suggest, however, that these
atients benefit similarly from revascularization as nondia-
etic patients, not only in symptom relief, but also in long-
erm survival.

Despite the similar effects of the 2 anti-ischemic treat-
ent strategies on angina severity in the total TIME popu-

ation and in the subgroups of patients with and without
M, differences in quality of life existed between these 2

ubgroups. During follow-up, patients with DM were more
imited in their daily activities than were those without DM,
s measured by the Duke Activity Status Index, and phys-
cal functioning tended to be more impaired in patients with
M, as measured by Short Form 12. Similar observations
ave not been previously published. These findings may be
f major importance for elderly patients with DM, indicat-
ng that these patients may need particular help to maintain
heir independence. In contrast, their mental functioning did
ot seem to be limited compared with that of nondiabetic
atients, and mental functioning did not appear to be influ-
nced by anti-ischemic therapy.

The beneficial effect of revascularization on outcome in
he present analysis was of the same order of magnitude in
atients with and without DM. These observations are sim-
lar to those noted in younger patient populations.13 How-
ver, the overall rate of major adverse clinical events was
arkedly greater than that observed in younger patient

opulations.14,15 Only 1 of 10 nonrevascularized 80-year-
ld patients with DM remained free of any major adverse
linical events during 4 years of follow-up. In contrast, if
evascularization was performed, 4 of 10 patients remained
ree of major adverse clinical events. These numbers point
o an urgent need for invasive treatment in elderly patients
ith DM, particularly because they seem to benefit similarly

rom revascularization as do patients without DM. For pa-
ients with DM, symptom severity and the need for more
ntianginal drugs was lower after coronary artery bypass
raft surgery than after percutaneous coronary intervention.
lthough this was not a randomized comparison, the results

ompare favorably with what has been noted as the long-
erm effects of revascularization in younger patients.16

The findings of this study were limited because they
ere based on a subgroup analysis of the TIME data com-
aring effectively received invasive versus medical treat-

ent in patients with DM. Although the outcome results
ere adjusted for clinical variables, and the clinical decision
or revascularization was based on symptoms alone, a re-
erral bias for invasive therapy could not be excluded. Fur-
hermore, our results were based on rather small patient
umbers. In addition, they did not allow differentiating
etween the effects of the 2 revascularization methods ap-
lied, although the 2 methods were performed on the basis
f clinical, angiographic, and feasibility judgments, as is
urrently done. Thus, these encouraging results for revas-
ularization in elderly diabetic patients need confirmation in
arger prospective studies that specifically focus on patients
ith DM. Until such results are available, one has to rely on
ndings, such as presented in this report, suggesting that
lderly patients with DM should be offered invasive eval-
ation and revascularization to improve their symptomatic
nd overall outcomes.
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