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Figure 1. Office, home, 24-hour, daytime, and nighttime systolic (S) and diastolic (D) BP as 
predictors of 11-year risk of cardiovascular or all-cause deaths.

Sega R et al. Circulation. 2005;111:1777-1783

Copyright © American Heart Association, Inc. All rights reserved.
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Prediction of total mortality and all cardiovascular events from ambulatory blood pressure 
measurement at baseline in cohorts of hypertensive patients. 

Hansen T W et al. Hypertension. 2011;57:3-10

Copyright © American Heart Association, Inc. All rights reserved.
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Incidence of Cardiovascular Events According to Category of Office Systolic Blood Pressure

Clement, D. et al. N Engl J Med 2003;348:2407-2415
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Stroke mortality and trends in Europe and Central Asia
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The present data raise a series of important questions. Why are
there such large differences among the European countries? How
can this variation be reduced so that more populations share the
benefits of cardiovascular prevention? The reason for the large
differences is an intriguing question that deserves careful reflec-
tion due to the huge impact on health care.20,21 Considering the
close relationship of stroke and BP independent of age and sex,
simple variation in BP itself would appear to be a plausible
explanation. A significant relationship in univariate and in a multi-
variate analyses between systolic BP and the stroke mortality
among countries was reported for Johnston et al.,14 although
the importance of systolic BP values was surpassed by the variable
income. Low income is an important marker of risk since it
reflects not only a combination of socioeconomic variables,
such as income itself and unemployment, but also derived psycho-
social and dietary factors, prevalence of classic cardiovascular risk
factors and access to medical care. Furthermore, estimates of
country income are more reliable than country-level systolic BP
values, thus also favouring a more robust relationship for
income than for systolic BP.22

Prior ecological analyses—both among countries and among
regions within countries—have shown a reasonably strong corre-
lation between BP or hypertension prevalence and stroke mor-
tality,8,9,23 and the consistency of these relationships has
suggested that stroke rates could serve as an outcome measure
reflecting the success of high BP control efforts. It has also been

recognized in the last few years that in populations with similar
standards of living, such as North America and Western Europe,
mean BPs among normotensive persons can vary substantially,
presumably reflects the level of exposure to causal risk factors.24

Taken together, this evidence suggests that at least part of
the long-term decline in stroke has resulted from falling average
BPs.

Wolf-Maier et al. estimated the prevalence of hypertension in
Europe compared with the USA and Canada8 and treatment strat-
egies on Germany, Sweden, England, Spain, Italy, Canada, and the
USA using national surveys conducted in the 1990s.9 The preva-
lence of hypertension was 60% higher in Europe compared with
the USA and Canada. Likewise, Redon et al.25 in a cross-sectional
study of population .60 years old in Spanish primary care centres,
stroke mortality rates were significantly related to indexes of
worse blood pressure handling, low control rates and high left-
ventricular hypertrophy, independent of age, sex, obesity, diabetes,
and urban setting. Moreover, Boshuizen et al.,26 analysing 35-year
follow-up data on mortality of stroke among subjects aged 65
years or more from nine cohorts of the Seven Countries Study,
observed that past and recent SBP was related to stroke mortality.
Asplund et al.27 in the MOnica Risk, Genetics, Archiving and Mono-
graph (MORGAM) Project concluded that the impact of the indi-
vidual risk factors differed somewhat between countries/regions
with high blood pressure being particularly important in central
Europe (Poland and Lithuania). Recently, Campbell et al.28

Figure 3 Geographical distribution of the annual rate of change in stroke mortality during the study period (1990–2006) in men (upper
panel) and women (lower panel).
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Blood pressure distribution in Belgium : 
room for improvement

Van der Niepen et al., J Hypertension 2008; 26:2057-63
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Average no. of antihypertensive medications

1 2 3 4

Multiple Antihypertensive Agents are Needed to Reach BP Goal

Trial (SBP achieved)

Bakris et al. Am J Med 2004;116(5A):30S–8 
Adapted from Dahlöf et al. Lancet 2005;366:895–906
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Conditions favouring the use of
some antihypertensive drugs versus others

Subclinical Organ Damage
• LVH: ACEI, CA, ARB
• Asympt. ath.scl.: CA, ACEI
• Microalbuminuria: ACEI, ARB
• Renal dysfunction: ACEI, ARB

Condition
• ISH (elderly): diur, CA
• Met Syndr: ACE, ARB, CA
• DM: ACEI, ARB
• Pregn: CA, methyldopa, BB
• Black: diur, CA
• Glaucoma: BB
• ACEI  induced cough: ARB

Clinical Event
• Previous stroke: any
• Previous MI: BB, ACEI, ARB
• Angina pectoris: BB, CA
• Heart Failure:diur, BB, ACEI, ARB, 

ant-aldost
• AFIB recurr: ARB, ACEI
• AFIB perm: BB, nondihydropir CA
• Tachyarrhythmias: BB
• ESRD/proteinuria: ACEI, ARB, loop 

diur
• PAOD: CA
• LV dysfunction: ACEI
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Amlodipine prevents New-onset Diabetes Compared with Atenolol 
(ASCOT)

Dahlöf et al. Lancet 2005;366:895–906

4

8

Proportion of events (%)

0

6

10

0
Time (years)

2

1 2 3 4 5 6

Amlodipine-based regimen

Atenolol-based regimen
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Intention-to-Treat

LIFE: New Onset Diabetes
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cular comorbidities. The number of patients with either
cardiovascular disease or hypertension or diabetes was
even higher (66.3%). This last group had significantly
higher mortality rates than those without these diseases
or cardiovascular risk factors (35.5% vs 21.4%; P! .001).
As a consequence of these comorbidities, the number of
cardiovascular drug prescriptions was high. As many as
665 patients (29.8%) were prescribed "-blockers, mainly
cardioselective ones (24.4%). Kaplan-Meier curves showed
that patients who used "-blockers had a higher survival
rate than nonusers (Figure1), while patients with COPD
who were referred to a pulmonologist had a lower sur-
vival rate than those who were not referred during the
follow-up period (Figure 2).

ALL-CAUSE MORTALITY

The crude and adjusted HRs based on the multivariable
CP hazard model for "-blocker use were 0.70 (95% CI,
0.59-0.84) and 0.68 (95% CI, 0.56-0.83), respectively. The

adjusted HR conditional on the PS was 0.64 (95% CI, 0.52-
0.77). For cardioselective "-blockers, the adjusted HRs (CP
and PS) were 0.67 (95% CI, 0.55-0.83) and 0.63 (95% CI,
0.51-0.77). For nonselective "-blockers, the adjusted HRs
(CP and PS) were 0.82 (95% CI, 0.61-1.10) and 0.80 (95%
CI, 0.60-1.05), respectively (Table 2).

ALL-CAUSE MORTALITY IN SUBGROUPS

In the subgroup of patients without overt cardiovascu-
lar disease (n=1229), 239 patients (19.4%) used "-
blockers, and in total 241 patients (19.6%) died. The crude
HR and the adjusted HRs (CP and PS) for any "-blocker
use in this subgroup were 0.60 (95% CI, 0.41-0.87), 0.67
(95% CI, 0.45-0.99), and 0.68 (95% CI, 0.46-1.02), re-
spectively (Table 3).

Other subgroup analyses showed similar results, with
the exception of patients referred to the pulmonologist
(Table 3). This last subgroup showed a lower and non-
significant reduction of mortality, with crude HR and ad-
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Figure 1. Cumulative survival of patients with chronic obstructive pulmonary
disease according to "-blocker use.
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Figure 2. Cumulative survival of patients with chronic obstructive pulmonary
disease according to referral to a pulmonologist.

Table 2. Crude and Adjusted Hazard Ratios (HRs) for Mortality According to !-Blocker Use in 2230 Patients With a Diagnosis
of Chronic Obstructive Pulmonary Diseasea

Variable

HR (95% Confidence Interval)

Any
!-Blocker

Cardioselective
!-Blocker

Nonselective
!-Blocker

Unadjusted (crude) 0.70 (0.59-0.84) 0.69 (0.57-0.83) 0.80 (0.61-1.06)
Covariates included in the Cox model to calculate adjusted HRs #

Age 0.66 (0.56-0.79) 0.64 (0.54-0.78) 0.80 (0.61-1.05)
Sex 0.69 (0.58-0.82) 0.66 (0.55-0.80) 0.84 (0.63-1.11)
Current or former smoker 0.69 (0.58-0.81) 0.66 (0.55-0.79) 0.83 (0.63-1.10)
Diabetes, hypertension, cardiovascular diseases 0.65 (0.54-0.79) 0.64 (0.52-0.79) 0.77 (0.57-1.03)
Cardiovascular drugs other than "-blocker 0.67 (0.55-0.81) 0.64 (0.52-0.79) 0.82 (0.61-1.10)
Pulmonary drugs 0.67 (0.55-0.82) 0.65 (0.53-0.80) 0.82 (0.61-1.10)
Referral to a pulmonologist 0.68 (0.56-0.83) 0.67 (0.55-0.83) 0.82 (0.61-1.10)

Adjusted with propensity scoreb 0.64 (0.52-0.77) 0.63 (0.51-0.77) 0.80 (0.60-1.05)

aAdjusted HRs based on the Cox proportional hazards model were calculated step by step after adjustment for age, sex, current or former smoking, diabetes,
hypertension, cardiovascular diseases, cardiovascular drugs other than the one under study, use of pulmonary inhalation drugs, and referral to a pulmonologist.
Cardiovascular drugs include "-blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, aldosterone antagonists, digoxin, loop and
thiazide diuretics, nitrates, aspirin, vitamin K antagonists, and calcium channel blockers. Pulmonary drugs include inhalers of "2-agonists, anticholinergic agents,
corticosteroids, and oral xanthine derivates.

bAdjusted HRs of "-blocker use are conditional on the propensity score (based on covariates related to prescription of "-blockers).
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ORIGINAL INVESTIGATION

!-Blockers May Reduce Mortality and
Risk of Exacerbations in Patients With
Chronic Obstructive Pulmonary Disease
Frans H. Rutten, MD, PhD; Nicolaas P. A. Zuithoff, MSc; Eelko Hak, MSc, PhD;
Diederick E. Grobbee, MD, PhD; Arno W. Hoes, MD, PhD

Background: Physicians avoid the use of !-blockers in
patients with chronic obstructive pulmonary disease
(COPD) and concurrent cardiovascular disease because
of concerns about adverse pulmonary effects. We as-
sessed the long-term effect of !-blocker use on survival
and exacerbations in patients with COPD.

Methods: An observational cohort study using data from
the electronic medical records of 23 general practices in
the Netherlands. The data included standardized infor-
mation about daily patient contacts, diagnoses, and drug
prescriptions.

Results: In total, the study included 2230 patients 45
years and older with an incident or prevalent diagnosis
of COPD between 1996 and 2006. The mean (SD) age
of the patients with COPD was 64.8 (11.2) years at the
start of the study, and 53% of the patients were male. Dur-
ing a mean (SD) follow-up of 7.2 (2.8) years, 686 pa-

tients (30.8%) died and 1055 (47.3%) had at least 1 ex-
acerbation of COPD. The crude and adjusted hazard ratios
with Cox regression analysis of !-blocker use for mor-
tality were 0.70 (95% confidence interval [CI], 0.59-
0.84) and 0.68 (95% CI, 0.56-0.83), respectively. The
crude and adjusted hazard ratios for exacerbation of COPD
were 0.73 (95% CI, 0.63-0.83) and 0.71 (95% CI, 0.60-
0.83), respectively. The adjusted hazard ratios with the
propensity score methods were even lower. Subgroup
analyses revealed that patients with COPD but without
overt cardiovascular disease had similar results.

Conclusion: Treatment with !-blockers may reduce the
risk of exacerbations and improve survival in patients with
COPD, possibly as a result of dual cardiopulmonary pro-
tective properties.

Arch Intern Med. 2010;170(10):880-887

C HRONIC OBSTRUCTIVE PUL-
monary disease (COPD) is
a common disease with a
marked negative impact
on quality of life as well as

high hospitalization and mortality rates.1 It
is expected to become the third most com-
mon cause of death in the Western world

by the year 2020.2 Routinely used thera-
pies in COPD focus on bronchial obstruc-
tion and do not or only marginally modify
mortality risk.1,3 BecauseCOPDisalsochar-
acterized by systemic inflammation,1 other
treatment options would be possible. Sys-
temic inflammation in COPD promotes
atherosclerotic disease progression4 inde-
pendent of age, smoking, or other cardio-
vascular risk factors.5 Also, tobacco smok-
ing is a major cause of COPD as well as of
atherosclerosis. Therefore, patients with

COPD are prone to develop cardiovascu-
lar diseases, which account for most deaths
in these patients.4,5

It has recently been emphasized that the
differential diagnosis between chronic pul-
monary and heart disease is difficult.6 Is-
chemic heart disease and heart failure could
be asymptomatic in patients with COPD
when breathlessness, fatigue, and even chest
pain on exertion are misinterpreted as
COPD-related symptoms.6 Indeed, recent
studies showed high prevalence rates of
heart failure in elderly patients with COPD,
with most cases being unrecognized.7,8

Therapy with cardiovascular drugs, no-
tably !-blockers, is known to improve the
survival of patients within a large spec-
trum of cardiovascular diseases, including
ischemic heart disease and heart fail-
ure.9,10 !-Blockers could theoretically also
exert beneficial effects in patients with
COPD by tempering the sympathetic ner-
vous system or by reducing the ischemic
burden.11 Meta-analyseshavealreadyshown
that cardioselective !-blockers are well tol-

See also pages
849 and 874
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Medical Center Utrecht, Utrecht
(Drs Rutten, Hak, Grobbee, and
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Department of Epidemiology,
University Medical Center
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imputation of missing smoking status, with similar results on
the Cox regression analyses, although with broader CIs, as a
result. As a second check, we performed sensitivity analyses
in which all patients with missing smoking status were de-
fined first as smokers (former and current) and second as non-
smokers, again showing similar results on the Cox regression
analyses. All analyses were performed using SPSS Windows ver-
sion 15.0 (SPSS Inc, Chicago, Illinois).

RESULTS

A total of 2230 patients 45 years and older with a diag-
nosis of COPD were included in the study. Of the 2230
patients, 560 (25%) had prevalent COPD at the start of

the study and 1670 (75%) developed COPD during the
follow-up period (incident COPD). The mean (SD) age
of the patients at the start of the study period was 64.8
(11.2) years, and 53% of the patients were male. In total,
686 patients (30.8%) died: 27.2% of those who used a
!-blocker compared with 32.3% of those who did not use
a !-blocker (P=.02). One thousand fifty-five patients
(47.3%) had at least 1 exacerbation of COPD during the
mean (SD) follow-up period of 7.2 (2.8) years: 42.7% of
those who used a !-blocker and 49.3% of those who did
not use a !-blocker (P=.005). Patient characteristics ac-
cording to !-blocker use are presented in Table 1. In
total, 44.9% of the patients with COPD had cardiovas-

Table 1. Characteristics of 2230 Patients 45 Years or Older With a Diagnosis of Chronic Obstructive Pulmonary Disease
According to !-Blocker Use

Characteristic

No. (%)

P Value
All Patients
(N=2230)

!-Blocker Use
(n=665)

No !-Blocker Use
(n=1565)

Age, mean (SD), ya 64.8 (11.2) 64.7 (10.3) 64.8 (10.3) .87
Male sex 1183 (53.0) 331 (49.8) 852 (54.4) .04
Referral to a pulmonologist 575 (25.8) 151 (22.7) 424 (27.1) .03
Current smokersb 545 (37.1) 166 (34.6) 379 (38.3) .16
Former smokersb 723 (49.2) 245 (51.0) 478 (48.3) .33
Never smokersb 201 (13.7) 69 (14.4) 132 (13.3) .59
Cardiovascular risk factors

Hypertension 875 (39.2) 444 (66.8) 431 (27.5) ".001
Diabetes 372 (16.7) 160 (24.1) 212 (13.5) ".001

Cardiovascular diseases
Angina pectoris 363 (16.3) 217 (32.6) 146 (9.3) ".001
Myocardial infarction 104 (4.7) 64 (9.6) 40 (2.6) ".001
Ischemic heart diseasec 439 (19.7) 255 (38.3) 184 (11.8) ".001
Atrial fibrillation 222 (10.0) 125 (18.8) 97 (6.2) ".001
Heart failure 546 (24.5) 213 (32.0) 333 (21.3) ".001
Stroke 155 (7.0) 60 (9.0) 95 (6.1) .01
Peripheral arterial disease 162 (7.3) 75 (11.3) 87 (5.6) ".001

Cardiovascular drug use
!-Blockers 665 (29.8) NA NA NA

Cardioselective NA 545 (24.4) NA NA
Nonselective NA 193 (8.7) NA NA

Angiotensin-converting enzyme inhibitors 667 (29.9) 331 (49.8) 336 (21.5) ".001
Angiotensin receptor blockers 191 (8.6) 110 (16.5) 81 (5.2) ".001
Aldosterone antagonistsd 188 (8.4) 83 (12.5) 105 (6.7) ".001
Acetylsalicylic acid or clopidogrel 374 (16.8) 198 (29.8) 176 (11.2) ".001
Statins 393 (17.6) 222 (33.4) 171 (10.9) ".001
Thiazide diuretics 413 (18.5) 209 (31.4) 203 (13.0) ".001
Loop diuretics 850 (38.1) 325 (48.9) 525 (33.5) ".001
Nitrates 457 (20.5) 246 (37.0) 211 (13.5) ".001
Calcium channel blockers 421 (18.9) 227 (34.1) 194 (12.4) ".001
Digoxin 244 (10.9) 107 (16.1) 137 (8.8) ".001
Vitamin K antagonists 437 (19.6) 208 (31.3) 229 (14.6) ".001

Pulmonary drug use
Inhaled !2-sympathicomimetics 1288 (57.8) 349 (52.5) 939 (60.0) .001

Short-acting 1056 (47.4) 277 (41.7) 779 (49.8) ".001
Long-acting 621 (27.8) 162 (24.4) 459 (29.3) .02

Anticholinergic inhalers 1357 (60.9) 432 (65.0) 925 (59.1) .01
Inhalation corticosteroids 1354 (60.7) 399 (60.0) 955 (61.0) .65
Xanthine derivates 154 (6.9) 32 (4.8) 122 (7.8) .01

Abbreviation: NA, not applicable.
aAt study entry.
bPercentages were calculated for 1469 participants because smoking status was missing in 761 persons (34.1%).
c Ischemic heart disease is a composite variable consisting of patients with angina pectoris, prior myocardial infarction, coronary artery bypass grafting, or

percutaneous coronary intervention.
dAldosterone antagonists are spironolactone and eplerenone.
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ORIGINAL INVESTIGATION

!-Blockers May Reduce Mortality and
Risk of Exacerbations in Patients With
Chronic Obstructive Pulmonary Disease
Frans H. Rutten, MD, PhD; Nicolaas P. A. Zuithoff, MSc; Eelko Hak, MSc, PhD;
Diederick E. Grobbee, MD, PhD; Arno W. Hoes, MD, PhD

Background: Physicians avoid the use of !-blockers in
patients with chronic obstructive pulmonary disease
(COPD) and concurrent cardiovascular disease because
of concerns about adverse pulmonary effects. We as-
sessed the long-term effect of !-blocker use on survival
and exacerbations in patients with COPD.

Methods: An observational cohort study using data from
the electronic medical records of 23 general practices in
the Netherlands. The data included standardized infor-
mation about daily patient contacts, diagnoses, and drug
prescriptions.

Results: In total, the study included 2230 patients 45
years and older with an incident or prevalent diagnosis
of COPD between 1996 and 2006. The mean (SD) age
of the patients with COPD was 64.8 (11.2) years at the
start of the study, and 53% of the patients were male. Dur-
ing a mean (SD) follow-up of 7.2 (2.8) years, 686 pa-

tients (30.8%) died and 1055 (47.3%) had at least 1 ex-
acerbation of COPD. The crude and adjusted hazard ratios
with Cox regression analysis of !-blocker use for mor-
tality were 0.70 (95% confidence interval [CI], 0.59-
0.84) and 0.68 (95% CI, 0.56-0.83), respectively. The
crude and adjusted hazard ratios for exacerbation of COPD
were 0.73 (95% CI, 0.63-0.83) and 0.71 (95% CI, 0.60-
0.83), respectively. The adjusted hazard ratios with the
propensity score methods were even lower. Subgroup
analyses revealed that patients with COPD but without
overt cardiovascular disease had similar results.

Conclusion: Treatment with !-blockers may reduce the
risk of exacerbations and improve survival in patients with
COPD, possibly as a result of dual cardiopulmonary pro-
tective properties.

Arch Intern Med. 2010;170(10):880-887

C HRONIC OBSTRUCTIVE PUL-
monary disease (COPD) is
a common disease with a
marked negative impact
on quality of life as well as

high hospitalization and mortality rates.1 It
is expected to become the third most com-
mon cause of death in the Western world

by the year 2020.2 Routinely used thera-
pies in COPD focus on bronchial obstruc-
tion and do not or only marginally modify
mortality risk.1,3 BecauseCOPDisalsochar-
acterized by systemic inflammation,1 other
treatment options would be possible. Sys-
temic inflammation in COPD promotes
atherosclerotic disease progression4 inde-
pendent of age, smoking, or other cardio-
vascular risk factors.5 Also, tobacco smok-
ing is a major cause of COPD as well as of
atherosclerosis. Therefore, patients with

COPD are prone to develop cardiovascu-
lar diseases, which account for most deaths
in these patients.4,5

It has recently been emphasized that the
differential diagnosis between chronic pul-
monary and heart disease is difficult.6 Is-
chemic heart disease and heart failure could
be asymptomatic in patients with COPD
when breathlessness, fatigue, and even chest
pain on exertion are misinterpreted as
COPD-related symptoms.6 Indeed, recent
studies showed high prevalence rates of
heart failure in elderly patients with COPD,
with most cases being unrecognized.7,8

Therapy with cardiovascular drugs, no-
tably !-blockers, is known to improve the
survival of patients within a large spec-
trum of cardiovascular diseases, including
ischemic heart disease and heart fail-
ure.9,10 !-Blockers could theoretically also
exert beneficial effects in patients with
COPD by tempering the sympathetic ner-
vous system or by reducing the ischemic
burden.11 Meta-analyseshavealreadyshown
that cardioselective !-blockers are well tol-
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cular comorbidities. The number of patients with either
cardiovascular disease or hypertension or diabetes was
even higher (66.3%). This last group had significantly
higher mortality rates than those without these diseases
or cardiovascular risk factors (35.5% vs 21.4%; P! .001).
As a consequence of these comorbidities, the number of
cardiovascular drug prescriptions was high. As many as
665 patients (29.8%) were prescribed "-blockers, mainly
cardioselective ones (24.4%). Kaplan-Meier curves showed
that patients who used "-blockers had a higher survival
rate than nonusers (Figure1), while patients with COPD
who were referred to a pulmonologist had a lower sur-
vival rate than those who were not referred during the
follow-up period (Figure 2).

ALL-CAUSE MORTALITY

The crude and adjusted HRs based on the multivariable
CP hazard model for "-blocker use were 0.70 (95% CI,
0.59-0.84) and 0.68 (95% CI, 0.56-0.83), respectively. The

adjusted HR conditional on the PS was 0.64 (95% CI, 0.52-
0.77). For cardioselective "-blockers, the adjusted HRs (CP
and PS) were 0.67 (95% CI, 0.55-0.83) and 0.63 (95% CI,
0.51-0.77). For nonselective "-blockers, the adjusted HRs
(CP and PS) were 0.82 (95% CI, 0.61-1.10) and 0.80 (95%
CI, 0.60-1.05), respectively (Table 2).

ALL-CAUSE MORTALITY IN SUBGROUPS

In the subgroup of patients without overt cardiovascu-
lar disease (n=1229), 239 patients (19.4%) used "-
blockers, and in total 241 patients (19.6%) died. The crude
HR and the adjusted HRs (CP and PS) for any "-blocker
use in this subgroup were 0.60 (95% CI, 0.41-0.87), 0.67
(95% CI, 0.45-0.99), and 0.68 (95% CI, 0.46-1.02), re-
spectively (Table 3).

Other subgroup analyses showed similar results, with
the exception of patients referred to the pulmonologist
(Table 3). This last subgroup showed a lower and non-
significant reduction of mortality, with crude HR and ad-
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Figure 1. Cumulative survival of patients with chronic obstructive pulmonary
disease according to "-blocker use.
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Figure 2. Cumulative survival of patients with chronic obstructive pulmonary
disease according to referral to a pulmonologist.

Table 2. Crude and Adjusted Hazard Ratios (HRs) for Mortality According to !-Blocker Use in 2230 Patients With a Diagnosis
of Chronic Obstructive Pulmonary Diseasea

Variable

HR (95% Confidence Interval)

Any
!-Blocker

Cardioselective
!-Blocker

Nonselective
!-Blocker

Unadjusted (crude) 0.70 (0.59-0.84) 0.69 (0.57-0.83) 0.80 (0.61-1.06)
Covariates included in the Cox model to calculate adjusted HRs #

Age 0.66 (0.56-0.79) 0.64 (0.54-0.78) 0.80 (0.61-1.05)
Sex 0.69 (0.58-0.82) 0.66 (0.55-0.80) 0.84 (0.63-1.11)
Current or former smoker 0.69 (0.58-0.81) 0.66 (0.55-0.79) 0.83 (0.63-1.10)
Diabetes, hypertension, cardiovascular diseases 0.65 (0.54-0.79) 0.64 (0.52-0.79) 0.77 (0.57-1.03)
Cardiovascular drugs other than "-blocker 0.67 (0.55-0.81) 0.64 (0.52-0.79) 0.82 (0.61-1.10)
Pulmonary drugs 0.67 (0.55-0.82) 0.65 (0.53-0.80) 0.82 (0.61-1.10)
Referral to a pulmonologist 0.68 (0.56-0.83) 0.67 (0.55-0.83) 0.82 (0.61-1.10)

Adjusted with propensity scoreb 0.64 (0.52-0.77) 0.63 (0.51-0.77) 0.80 (0.60-1.05)

aAdjusted HRs based on the Cox proportional hazards model were calculated step by step after adjustment for age, sex, current or former smoking, diabetes,
hypertension, cardiovascular diseases, cardiovascular drugs other than the one under study, use of pulmonary inhalation drugs, and referral to a pulmonologist.
Cardiovascular drugs include "-blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, aldosterone antagonists, digoxin, loop and
thiazide diuretics, nitrates, aspirin, vitamin K antagonists, and calcium channel blockers. Pulmonary drugs include inhalers of "2-agonists, anticholinergic agents,
corticosteroids, and oral xanthine derivates.

bAdjusted HRs of "-blocker use are conditional on the propensity score (based on covariates related to prescription of "-blockers).
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imputation of missing smoking status, with similar results on
the Cox regression analyses, although with broader CIs, as a
result. As a second check, we performed sensitivity analyses
in which all patients with missing smoking status were de-
fined first as smokers (former and current) and second as non-
smokers, again showing similar results on the Cox regression
analyses. All analyses were performed using SPSS Windows ver-
sion 15.0 (SPSS Inc, Chicago, Illinois).

RESULTS

A total of 2230 patients 45 years and older with a diag-
nosis of COPD were included in the study. Of the 2230
patients, 560 (25%) had prevalent COPD at the start of

the study and 1670 (75%) developed COPD during the
follow-up period (incident COPD). The mean (SD) age
of the patients at the start of the study period was 64.8
(11.2) years, and 53% of the patients were male. In total,
686 patients (30.8%) died: 27.2% of those who used a
!-blocker compared with 32.3% of those who did not use
a !-blocker (P=.02). One thousand fifty-five patients
(47.3%) had at least 1 exacerbation of COPD during the
mean (SD) follow-up period of 7.2 (2.8) years: 42.7% of
those who used a !-blocker and 49.3% of those who did
not use a !-blocker (P=.005). Patient characteristics ac-
cording to !-blocker use are presented in Table 1. In
total, 44.9% of the patients with COPD had cardiovas-

Table 1. Characteristics of 2230 Patients 45 Years or Older With a Diagnosis of Chronic Obstructive Pulmonary Disease
According to !-Blocker Use

Characteristic

No. (%)

P Value
All Patients
(N=2230)

!-Blocker Use
(n=665)

No !-Blocker Use
(n=1565)

Age, mean (SD), ya 64.8 (11.2) 64.7 (10.3) 64.8 (10.3) .87
Male sex 1183 (53.0) 331 (49.8) 852 (54.4) .04
Referral to a pulmonologist 575 (25.8) 151 (22.7) 424 (27.1) .03
Current smokersb 545 (37.1) 166 (34.6) 379 (38.3) .16
Former smokersb 723 (49.2) 245 (51.0) 478 (48.3) .33
Never smokersb 201 (13.7) 69 (14.4) 132 (13.3) .59
Cardiovascular risk factors

Hypertension 875 (39.2) 444 (66.8) 431 (27.5) ".001
Diabetes 372 (16.7) 160 (24.1) 212 (13.5) ".001

Cardiovascular diseases
Angina pectoris 363 (16.3) 217 (32.6) 146 (9.3) ".001
Myocardial infarction 104 (4.7) 64 (9.6) 40 (2.6) ".001
Ischemic heart diseasec 439 (19.7) 255 (38.3) 184 (11.8) ".001
Atrial fibrillation 222 (10.0) 125 (18.8) 97 (6.2) ".001
Heart failure 546 (24.5) 213 (32.0) 333 (21.3) ".001
Stroke 155 (7.0) 60 (9.0) 95 (6.1) .01
Peripheral arterial disease 162 (7.3) 75 (11.3) 87 (5.6) ".001

Cardiovascular drug use
!-Blockers 665 (29.8) NA NA NA

Cardioselective NA 545 (24.4) NA NA
Nonselective NA 193 (8.7) NA NA

Angiotensin-converting enzyme inhibitors 667 (29.9) 331 (49.8) 336 (21.5) ".001
Angiotensin receptor blockers 191 (8.6) 110 (16.5) 81 (5.2) ".001
Aldosterone antagonistsd 188 (8.4) 83 (12.5) 105 (6.7) ".001
Acetylsalicylic acid or clopidogrel 374 (16.8) 198 (29.8) 176 (11.2) ".001
Statins 393 (17.6) 222 (33.4) 171 (10.9) ".001
Thiazide diuretics 413 (18.5) 209 (31.4) 203 (13.0) ".001
Loop diuretics 850 (38.1) 325 (48.9) 525 (33.5) ".001
Nitrates 457 (20.5) 246 (37.0) 211 (13.5) ".001
Calcium channel blockers 421 (18.9) 227 (34.1) 194 (12.4) ".001
Digoxin 244 (10.9) 107 (16.1) 137 (8.8) ".001
Vitamin K antagonists 437 (19.6) 208 (31.3) 229 (14.6) ".001

Pulmonary drug use
Inhaled !2-sympathicomimetics 1288 (57.8) 349 (52.5) 939 (60.0) .001

Short-acting 1056 (47.4) 277 (41.7) 779 (49.8) ".001
Long-acting 621 (27.8) 162 (24.4) 459 (29.3) .02

Anticholinergic inhalers 1357 (60.9) 432 (65.0) 925 (59.1) .01
Inhalation corticosteroids 1354 (60.7) 399 (60.0) 955 (61.0) .65
Xanthine derivates 154 (6.9) 32 (4.8) 122 (7.8) .01

Abbreviation: NA, not applicable.
aAt study entry.
bPercentages were calculated for 1469 participants because smoking status was missing in 761 persons (34.1%).
c Ischemic heart disease is a composite variable consisting of patients with angina pectoris, prior myocardial infarction, coronary artery bypass grafting, or

percutaneous coronary intervention.
dAldosterone antagonists are spironolactone and eplerenone.
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Effects of Intensive Blood-Pressure Control in 

Type 2 Diabetes Mellitus

The ACCORD Study Group
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Volume 362(17):1575-1585

April 29, 2010
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Study Overview

• In a randomized trial, 4733 patients with type 2 diabetes mellitus who were at 
high risk for cardiovascular events received treatment aimed at a target systolic 
blood pressure of less than 120 mm Hg or less than 140 mm Hg

• At a mean follow-up of 4.7 years, the rates of the primary end point (nonfatal 
myocardial infarction, nonfatal stroke, or cardiovascular death) were not 
significantly different between the two trial groups
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Kaplan-Meier Analyses of Selected Outcomes

The ACCORD Study Group. N Engl J Med 2010;362:1575-1585
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Conclusion

• In patients with type 2 diabetes at high risk for cardiovascular events, targeting 
a systolic blood pressure of less than 120 mm Hg, as compared with less than 
140 mm Hg, did not reduce the rate of a composite outcome of fatal and 
nonfatal major cardiovascular events
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M.P.H., Maria Nicolaides, M.D., Alexia Richard, M.Sc., Zhihua Xiang, Ph.D., Patrick 
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Study Overview

• Patients with type 2 diabetes at high risk for cardiovascular disease who were 
already taking a renin–angiotensin system blocker were randomly assigned to 
the direct renin inhibitor aliskiren or placebo.

• The study was discontinued early for no benefit, or even possible harm.
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Kaplan–Meier Curves for the Primary Composite Outcome, Secondary Cardiovascular 
Composite Outcome, and Secondary Renal Composite Outcome.

Parving H-H et al. N Engl J Med 
2012;367:2204-2213

Text

Primary Composite Outcome: death from cardiovascular causes or the first occurrence of cardiac arrest with resuscitation; nonfatal 
myo- cardial infarction; nonfatal stroke; unplanned hospitalization for heart failure; end-stage renal disease, death attributable to 
kidney failure, or the need for renal-replacement therapy with no dialysis or transplantation available or initiated; or a serum 
creatinine value that was at least double the baseline value and that exceeded the upper limit of the normal range (>80 μmol per liter 
[0.9 mg per deciliter] in women and >106 μmol per liter [1.2 mg per deciliter] in men), sustained for at least a month.

Secondary Cardiovascular Composite Outcome :  a composite of all five cardio- vascular components of the primary composite 
end point
 
Secondary Renal Composite Outcome: composite of the renal components of the primary composite end point
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• Standard interventional technique
• 4-6 two-minute treatments per artery
• Proprietary RF Generator 

− Automated 
− Low-power
− Built-in safety algorithms

Renal Nerve Anatomy Allows a 
Catheter-Based Approach

In the United States: Caution: Investigational Device. Limited by U.S. law to investigational use. 17
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Renal Denervation
Decrease of systolic and diastolic blood pressure 

after denervation of the renal nerves. 

Lancet. 2009 Apr 11;373(9671):1275-81. Epub 2009 Mar 28.
Catheter-based renal sympathetic denervation for resistant hypertension: a multicentre safety and proof-of-principle cohort study. 
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Original Article 
A Controlled Trial of Renal Denervation for 

Resistant Hypertension
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D'Agostino, Ph.D., John M. Flack, M.D., M.P.H., Barry T. Katzen, M.D., Martin B. Leon, 
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M.D., Ph.D., Suzanne Oparil, M.D., Krishna Rocha-Singh, M.D., Raymond R. Townsend, 
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Study Overview

• In this large trial, denervation of the kidneys with use of a radiofrequency 
ablation catheter in the renal arteries had no significant effect on blood 
pressure in patients with resistant hypertension.

• This contradicts results of smaller trials that did not include a sham control.
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Primary Efficacy End Point.

Bhatt DL et al. N Engl J Med 2014;370:1393-1401
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Secondary Efficacy End Point.

Bhatt DL et al. N Engl J Med 2014;370:1393-1401
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