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Abstract
Background  There is limited information about the 6-min walk test (6MWT) in elderly patients with heart failure. We evalu-
ated 6MWT and the effect of nebivolol on 6MWT from the SENIORS trial.
Methods and results  The SENIORS trial evaluated nebivolol versus placebo on death and hospitalisation in patients 
aged ≥ 70 years with heart failure. A total of 1982 patients undertook a 6MWT at baseline and 1716 patients at 6 months. 
Patients were divided into tertiles (≤ 200 m, 201 to ≤ 300 m and > 300 m) and to change in distance walked between baseline 
and 6 months (< 0 m, 0 to < 30 m and ≥ 30 m). The primary outcome was all-cause mortality and cardiovascular hospital 
admission. Secondary endpoint was all-cause mortality. Baseline walk distance of ≤ 200 m incurred a greater risk of the 
primary and secondary outcomes (HR 1.41, CI 95% 1.17–1.69, p < 0.001) and (HR 1.37, CI 95% 1.05–1.78, p = 0.019). A 
decline in walk distance over 6 months was associated with increased risk of clinical events. Nebivolol had no influence on 
change in walk distance over 6 months.
Conclusions  The 6MWT has prognostic utility in elderly patients. Those who walked less than 200 m were at highest risk. 
Nebivolol had no effect on 6MWT.
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Introduction

Heart failure (HF) accounts for about 5% of emergency 
medical admissions in western Europe [1] and is the lead-
ing cause of hospitalisation in adults older than 65 years 
in the USA [2]. The landmark Studies of Left Ventricular 

Dysfunction (SOLVD) trial showed that the 6-min walk 
test was an independent predictor of death in patients with 
chronic heart failure [3] and this has also been shown by oth-
ers including hospital admissions [3–5]. Heart failure (HF) 
is more common in the elderly [6] and older patients have 
higher rates of heart failure with preserved ejection fraction 
[7]. There is little information on the prognostic utility of the 
6-min walk in elderly patients with heart failure, or in those 
with heart failure and preserved ejection fraction.

In a systematic review of randomised control trials, there 
was uncertainty about the effects of beta-blockers on func-
tional capacity as measured by the 6-min walk test [8, 9]. 
We used data from the SENIORS trial to provide additional 
insights about the prognostic utility and potential influence 
of the beta-blocker nebivolol on 6-min walk test in elderly 
patients with heart failure.

 *	 Marcelo C. Shibata 
	 marcelo.shibata@ualberta.ca

1	 University of Alberta, and Covenant Health, Misericordia 
Hospital, Suite 362, Heritage Medical Research Centre, 
Edmonton, AB T6G 2C8, Canada

2	 University of East Anglia and Norfolk and Norwich 
University Hospital, Norwich, UK

3	 Department of Cardiology, University of Groningen, 
University Medical Center Groningen, Groningen, 
The Netherlands

4	 Novartis Campus, Basel, Switzerland
5	 Monash University, Melbourne, Australia

http://orcid.org/0000-0002-8459-8147
http://crossmark.crossref.org/dialog/?doi=10.1007/s00392-020-01768-w&domain=pdf


1194	 Clinical Research in Cardiology (2021) 110:1193–1201

1 3

Methods

The SENIORS (Study of Effects of Nebivolol Interven-
tion on Outcomes and Rehospitalisation in Seniors with 
heart failure) trial, which has been described previously, 
randomised elderly, stable, HF patients to the vasodilating 
ß-1 selective beta-blocker nebivolol or matching placebo 
[10–12]. To be eligible, patients had to be ≥ 70 years, pro-
vide informed written consent and have a clinical history 
of chronic heart failure with at least one of the following 
features: documented hospital admission within the previ-
ous 12 months with a discharge diagnosis of congestive 
heart failure regardless of left ventricular ejection fraction 
(LVEF) or documented LVEF ≤ 35% within the previous 
6 months. The main exclusion criteria were: HF primarily 
due to uncorrected valvular heart disease, contraindication 
or previous intolerance to beta-blockers, advanced hepatic 
or renal dysfunction, cerebrovascular accident within the 
previous 3 months, and other major medical conditions 
that may have reduced survival during the period of study. 
Patients were randomised in 11 European countries and 
followed for a mean of 21 months. The primary outcome 
was the composite of all-cause mortality or cardiovascular 
hospital admission (time to first event) and the main sec-
ondary outcome was all-cause mortality. Patients under-
went a 6MWT at baseline and at 6 months. The SENIORS 
protocol was designed in 1999, prior to publication of 
standard American Thoracic Society (ATS) guidelines in 
2002 [13]. Participants were given standardised instruc-
tions, asking them to walk “as far as physically able within 
6 min” along a 30 m course. Verbal encouragement was 
given every 30 s using standardised phrases. Participants 
were allowed to rest on a chair during the test. At the 
end of the 6-min period, distance walked was measured 
to the nearest meter. Ethical approval was obtained from 
the relevant Committees or Institutional Review Boards 
and all patients provided informed written consent to be 
included in the trial, which was carried out according to 
the principles of the Declaration of Helsinki.

Statistical methods

In the SENIORS trial, 6-min walk test was a pre-defined 
secondary endpoint and a statistical analysis plan was 
developed prior to undertaking this analysis.

Summary statistics of baseline characteristics including 
demographics, clinical history, cardiac function, labora-
tory measures and cardiac medications are presented either 
as mean (standard deviation [SD]), median (interquartile 
range [IQR]) or n (%) as appropriate according to baseline 
6-min walk test tertile (tertile 1: < 200 m, tertile 2: 201 

to ≤ 300 m and tertile 3: > 300 m) and tertile of change 
in 6-min walk test from baseline to 6 months (tertile of 
change 1: < 0 m change, tertile of change 2: 0 to < 30 m 
change and tertile of change 3: ≥ 30 m change). Tertiles 
were chosen by first determining the exact tertile cut-off 
points and then choosing clinically meaningful values to 
determine the final groups. The main outcomes of interest 
were the composite of all-cause mortality or cardiovas-
cular hospital admission (primary outcome) or all-cause 
mortality (secondary outcome). We performed the follow-
ing analyses:

1.	 An analysis of clinical outcomes in the overall group 
stratified by baseline 6MWT tertile.

2.	 Exploratory analysis of the association between baseline 
6MWT tertile and age tertile, ejection fraction and gen-
der.

3.	 Analysis of clinical outcomes stratified by tertile of 
change in 6-min walk

4.	 Exploratory analysis of the association between tertile 
of change in 6MWT and age tertile, ejection fraction and 
gender.

5.	 Effect of nebivolol versus placebo on change in 6MWT 
between baseline and 6 months.

6.	 Effect of nebivolol versus placebo on clinical outcomes, 
stratified by baseline 6MWT tertile and by tertile of 
change in 6-min walk test

Using baseline 6MWT data, the Cox proportional hazards 
model was applied to estimate hazard ratios, with associ-
ated 95% confidence intervals and p values, for the primary 
and secondary outcomes for tertiles 1 and 2, using tertile 3 
as a reference (HR = 1.0), and to calculate hazard ratios to 
compare the effect of nebivolol vs. placebo on rates of the 
primary and secondary outcomes within each tertile.

We undertook a paired analysis, using data on change in 
6MWT between baseline and 6 months. Only events occur-
ring between 6 months and the study endpoint were included 
in this analysis. Cox proportional hazards model was used 
to generate hazard ratios, with associated 95% confidence 
intervals and p values, for the primary and secondary out-
comes for tertile of change 1 and 2, using tertile of change 
3 as a reference group (HR = 1.0) and to calculate hazard 
ratios comparing the effect of nebivolol vs. placebo within 
each tertile of change. For both the baseline and change in 
6-min walk test data, the Kaplan–Meier technique was used 
to generate survival curves for the primary and secondary 
outcomes.

Analysis of Variance (ANOVA) was used to generate p 
values comparing baseline characteristics between 6MWT 
tertiles, and for the exploratory analysis of the association 
between 6MWT performance and age, ejection fraction 
and gender. An independent two-sample t test was used to 
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compare the mean change in 6-min walk test between the 
nebivolol versus placebo groups.

Results

Baseline characteristics

In total, 1982 participants (93% of all patients enrolled) 
underwent baseline 6MWT and 1716 (79% of the total) 
underwent repeat testing at 6 months. Of the 266 partici-
pants who did not undergo repeat testing at 6 months, 85 
died before 6 months and 181 dropped out for other rea-
sons. Reasons for drop-out was not recorded but, compared 
to those who underwent follow-up 6-min walk testing at 
6 months, these participants were older (76 vs 75 years, 
p < 0.001) and had more severe disease (NYHA III: 46.6 
vs. 38.0% and NYHA IV: 4.5 vs. 1.3%).

Baseline characteristics according to baseline 6MWT ter-
tile are shown in Table 1. Participants who walked ≤ 200 m 
at baseline, when compared to other tertiles, were mainly 
female, non-smokers, with a history of coronary artery dis-
ease (CAD), peripheral artery disease (PAD), hypertension 
and atrial fibrillation (AF). They were also more likely to be 
in NYHA class III–IV, have left ventricular ejection fraction 
(LVEF) of ≥ 40% and prescribed diuretics or a cardiac glyco-
side. In contrast, history of percutaneous coronary interven-
tion (PCI) and coronary artery bypass grafting (CABG) was 
less prevalent, and participants in this group were less likely 
to be prescribed an angiotensin receptor blocker (ARB), 
lipid-lowering medication or a vitamin K antagonist.

Baseline 6‑min walk test performance 
and association with outcomes

Mean distance walked at baseline for the overall group was 
276.2 m (SD 116.2 m). Participants in tertile 1, 2 and 3 
walked a mean distance of 148.3 m (SD 39.9 m), 254.3 m 
(SD 30.3 m) and 394.3 m (SD 116.2 m), respectively. When 
stratified by age tertile, those aged > 77 years had a lower 
mean walk distance than those aged 73 to < 77 years, and 
those in the group aged < 73 years (mean distance walked 
of 262.4 m vs. 281.0 m vs. 298.7 m, respectively, p < 0.001). 
Males walked further on average than females at baseline 
(mean performance 303.3 m vs. 240.6 m, p < 0.001). Partici-
pants with a LVEF of > 40% had a lower mean walk distance 
than those with and LVEF of ≤ 40% (257.6 m vs. 288.5 m, 
p < 0.001).

Baseline walk distance of ≤ 200 m incurred a greater 
risk of the primary outcome (HR 1.41, CI 95% 1.17–1.69, 
p < 0.001) and secondary outcome (HR 1.37, 95% CI 95% 
1.05–1.78, p = 0.019), when compared to the reference group 
(tertile 3: > 300 m) (Table 2). Participants with a baseline 

walk distance of 201 to ≤ 300 m had higher event rates than 
participants with a walk distance of > 300 m for both the 
primary outcome (30.5% vs. 29.3%) and secondary outcome 
(16.2% vs. 14.3%), but this difference was not statistically 
significant (p = 0.606 and 0.417, respectively) (Fig. 1a and 
b).

Change in 6‑min walk test performance 
and association with clinical outcomes

We classified patients into tertiles according to change 
in 6MWT from baseline to 6 months: tertile of change 
1 ≤ 0 m, tertile of change 2 = 0 to 30 m and tertile of change 
3 =  ≥ 30 m. Mean walking distances in tertile of change 1, 
2 and 3 were 269.4 m (SD 115.8 m), 284.4 m (SD 110.0 m) 
and 349.4 m (SD 117.1 m), respectively. Mean walk distance 
in the overall group at 6 months was 301.8 m (SD 119.3 m). 
Participants with a shorter baseline walk distance (≤ 200 m) 
were more likely to have improved performance at 6 months 
(for patients walking ≤ 200 m at baseline: % of patients ter-
tile of change 1 = 20.4%; tertile of change 2 = 32.0% and 
tertile of change 3 = 33.5%, p < 0.001). There was no statisti-
cally significant association between mean change in 6-min 
walk test distance from baseline to 6 months and age tertile 
(p = 0.110), LVEF (≤ 40% vs. > 40%, p = 0.121) or gender 
(p = 0.326).

A decrease in distance walked from baseline to 6 months 
(< 0 m change) incurred a greater risk of both the pri-
mary outcome (HR 1.53, CI 95% 1.23–1.90, p < 0.001) 
and secondary outcome (HR 1.49, CI 95% 1.05–2.11, 
p = 0.024), when compared to the reference group (tertile 
of change ≥ 30 m). There was no statistically significant dif-
ference between change in walk distance of 0 to < 30 m on 
either the primary or secondary outcomes (p = 0.879 and 
0.347, respectively), when compared to the reference group 
(Table 3, Fig. 2a and b).

Effects of nebivolol versus placebo on 6‑min walk 
test and clinical outcomes

Mean walk distance at baseline was 282.3 m (SD 116.3 m) 
in the nebivolol group and 278.1 m (SD 113.4 m) in the 
placebo group. Mean walk distance increased in both 
groups at 6 months, but there was no statistically signifi-
cant difference between the groups (+ 21.0 m in nebivolol 
group vs. + 22.2 m in placebo group, p = 0.735). There was 
no difference in change in distance walked from baseline 
to 6 months between nebivolol and placebo stratified by 
EF ≤ 40% vs. > 40%.

The absolute risk reduction (ARR) for each tertile was 
calculated as the difference in rates of primary and second-
ary outcomes in the nebivolol vs. placebo groups. Compared 
to the placebo group, participants in the nebivolol group 
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who walked ≤ 200 m at baseline had the highest reduction 
in risk of both the primary (ARR ≤ 200 m: 6.7%; ARR 201 
to ≤ 300 m: 4.2% and ARR > 300 m: 3.4%) and secondary 
outcomes (ARR ≤ 200 m: 4.3%; ARR 201 to ≤ 300 m: 1.1% 
and ARR > 300 m: 2.3%), but there was no statistical evi-
dence of an interaction (Table 4).

Patients in nebivolol group who had a decline perform-
ing 6MWT between baseline and 6 months had the highest 
nominal reduction in risk; however, this was not statisti-
cally significant (Table 5).

Table 1   Patient characteristics according to baseline 6-min walk test tertile

6MWT 6-min walk test, IQR interquartile range, SD standard deviation, NYHA New York Heart Association, LVEF left ventricular ejection frac-
tion, CAD coronary artery disease, MI myocardial infarction, PCI percutaneous coronary intervention, CABG coronary artery bypass graft, PAD 
peripheral arterial disease, CVA cerebrovascular accident, ACE angiotensin-converting enzyme, ARB angiotensin receptor blocker

Tertile 1 Tertile 2 Tertile 3 Total p value
≤ 200 m 201 to ≤ 300 m > 300 m

(n = 601) (n = 616) (n = 765) (n = 1982)

6MWT (m)—median (IQR) 156 (120, 180) 250 (230, 280) 380 (340, 428) 270 (189, 350)
6MWT (m)—mean (SD) 148.3 (39.9) 254.3 (30.3) 394.3 (76.1) 276.2 (116.2)
Demographics
 Age (years)—median (IQR) 76 (73, 79) 75 (72, 79) 75 (72, 78) 75 (72, 79) < 0.001
 Female 294 (48.9%) 244 (39.6%) 186 (24.3%) 724 (36.5%) < 0.001

Cardiac function
 NYHA I 7 (1.2%) 11 (1.8%) 41 (5.4%) 59 (3%) < 0.001
 NYHA II 248 (41.3%) 343 (55.7%) 521 (68.1%) 1112 (56.1%)
 NYHA III 317 (52.7%) 258 (41.9%) 201 (26.3%) 776 (39.2%)
 NYHA IV 29 (4.8%) 4 (< 1%) 2 (< 1%) 35 (1.8%)
 LVEF (%)—median (IQR) 35 (29, 45) 34 (29, 41) 33 (27, 40) 34 (28, 42) 0.003
 LVEF > 40% 198 (33.1%) 163 (26.6%) 174 (23.1%) 535 (27.2%) < 0.001

Clinical history
 Smoker 19 (3.2%) 30 (4.9%) 53 (6.9%) 102 (5.1%) 0.007
 Prior CAD 443 (73.7%) 447 (72.6%) 470 (61.4%) 1360 (68.6%) < 0.001
 Prior MI 254 (42.3%) 258 (41.9%) 346 (45.2%) 858 (43.3%) 0.382
 Prior PCI 13 (2.2%) 17 (2.8%) 36 (4.7%) 66 (3.3%) 0.022
 Prior CABG 50 (8.3%) 40 (6.5%) 88 (11.5%) 178 (9%) 0.004
 PAD 38 (6.3%) 24 (3.9%) 31 (4.1%) 93 (4.7%) 0.076
 Prior CVA in last 3 months 1 (< 1%) 0 0 1 (< 1%) 0.317
 Hypertension 407 (67.7%) 393 (63.8%) 422 (55.2%) 1222 (61.7%) < 0.001
 Hyperlipidemia 275 (45.8%) 265 (43%) 377 (49.3%) 917 (46.3%) 0.065
 Atrial fibrillation 231 (38.4%) 226 (36.7%) 230 (30.1%) 687 (34.7%) 0.002
 Diabetes 166 (27.6%) 160 (26%) 181 (23.7%) 507 (25.6%) 0.241

Medications
 ACE inhibitors 511 (85%) 507 (82.3%) 620 (81%) 1638 (82.6%) 0.151
 Diuretics 538 (89.5%) 527 (85.6%) 641 (83.8%) 1706 (86.1%) 0.009
 Cardiac glycoside 287 (47.8%) 259 (42%) 275 (35.9%) 821 (41.4%) < 0.001
 Aldosterone antagonist 168 (28%) 167 (27.1%) 202 (26.4%) 537 (27.1%) 0.815
 Anti-arrhythmic 101 (16.8%) 103 (16.7%) 133 (17.4%) 337 (17%) 0.937
 ARB 35 (5.8%) 43 (7%) 84 (11%) 162 (8.2%) 0.001
 Lipid lowering medication 115 (19.1%) 115 (18.7%) 198 (25.9%) 428 (21.6%) 0.001
 Vitamin K antagonist 107 (17.8%) 128 (20.8%) 225 (29.4%) 460 (23.2%) < 0.001
 Aspirin 306 (50.9%) 314 (51%) 405 (52.9%) 1025 (51.7%) 0.687
 Calcium channel antagonist 83 (13.8%) 82 (13.3%) 96 (12.5%) 261 (13.2%) 0.785

Renal function
 Creatinine (umol/L)—median (IQR) 94 (78, 117) 93 (79, 111) 97 (82, 117) 95 (80, 116) 0.043
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Discussion

SENIORS is the only large-scale trial of beta-blockers in 
the elderly with heart failure to prospectively incorporate 
the 6MWT into the study protocol and may provide an addi-
tional guide to expected benefits of beta-blockers in heart 
failure. A lower baseline 6MWT and a decline in distance 
walked from baseline to 6 months were associated with an 
increased risk of mortality and hospitalisation. There were 
no beneficial effects of nebivolol on death or hospitalisa-
tion in patients across the tertiles of baseline 6MWT and in 
patients with a decline 6MWT from baseline to 6 months. 
Ejection fraction appeared to be inversely associated with 
distance walked during the 6MWT. Nebivolol has no effect 
on 6MWTperformance when compared to placebo. Elderly 
patients with HF and 6MWT ≤ 200 m were at higher risk of 
death or cardiovascular hospital admissions.

The SENIORS trial is unique since it evaluated an elderly 
population with heart failure and preserved or abnormal left 
ventricular systolic function, including a significant pro-
portion of female patients. Previous publication from the 
SENIORS trial group showed that 6MWT is an independent 
predictor of mortality in this important cohort of patients, 
who are often under-represented in previous heart failure 
trials [14–22]. Ingle et al. studied 1592 elderly heart fail-
ure patients (mean age 74 years) with both preserved and 
reduced left ventricular ejection fraction (mean LVEF 48%) 
[23]. Distance walked during the 6MWT was found to be an 
independent predictor of survival, except in the subgroup 
with normal left ventricular function. In our study, par-
ticipants with a preserved left ventricular ejection fraction 
(LVEF > 40%) generally walked shorter distances during 
6MWT at baseline and 6 months, probably due to the pres-
ence of diastolic dysfunction and increased ventricular fill-
ing pressures, which show a more consistent correlation with 
functional capacity [24–27]. However, we cannot discard 
the possibility of trial selection bias (more ill patients with 

Table 2   Primary and secondary 
outcomes according to baseline 
6-min walk test tertile

AC all-cause, CV cardiovascular, CI confidence interval, Ref reference group (hazard ratio 1.0)

Tertile 1 Tertile 2 Tertile 3 Total
≤ 200 m 201 to ≤ 300 m > 300 m

n = 601 n = 616 n = 765 n = 1982

Primary outcome
 C mortality/CV hospitali-

sation, n (%)
232 (38.6) 188 (30.5) 224 (29.3) 644 (32.5)

 Hazard ratio (95% CI) 1.41 (1.17, 1.69) 1.05 (0.87, 1.28) Ref
 p value < 0.001 0.606 Ref

Secondary outcome
 AC mortality, n (%) 116 (19.3) 100 (16.2) 109 (14.3) 325 (16.4)
 Hazard ratio (95% CI) 1.37 (1.05, 1.78) 1.12 (0.85, 1.47) Ref
 p value 0.019 0.417 Ref

Fig. 1   a Kaplan–Meier plot. Effect of 6-min walk test (6MWT) tertile 
on the primary endpoint. b Kaplan–Meier plot. Effect of 6-min walk 
test (6MWT) tertile on the secondary endpoint
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preserved LVEF included). Previous publications regard-
ing 6MWT performance and LVEF revealed inconsistent 
results. Guazzi et al. [27] evaluated 253 patients (mean 
age 61.9 years) with heart failure and both preserved and 
reduced ejection fraction and found no correlation between 
LVEF and distance walked during 6MWT. This finding was 
similar to the previous publication by Roul et al. evaluat-
ing 121 patients (mean age 59 years) with NYHA class II 
and III heart failure [18]. Wegrzynowska-Teodorczyk et al. 
reported a significant positive relationship between left ven-
tricular ejection fraction and 6MWT (p = 0.004), although 
the r value of 0.16 during multivariable analysis suggests a 
weak correlation [20].

Previous studies of patients with chronic heart failure 
have demonstrated that patients with 6MWT ≤ 300 m have 
a poorer prognosis than those walking greater distances. In 
these studies, follow-up period ranged from 18 to 34 months 
[17, 18, 21]. The BIOSTAT-CHF was a prospective, obser-
vational, European, multicentre, study evaluating 2516 
patients with heart failure with an ejection fraction ≤ 40% 
or with elevated biomarkers for heart failure. Although the 
mean age in BIOSTAT-CHF is lower when compared to 
our study, similar to our findings it confirmed 6MWT as a 
prognosticator for death and hospitalisation for heart failure. 
Interestingly, the up-titration of evidence-based therapy for 
heart failure did not impact the distance walked at baseline 
and at 9 months [28]. In our study, risk of death and hospi-
talisation was not significantly higher in the tertile walking 
between 201 and ≤ 300 m at baseline, compared to those 
walking > 300 m. Given that elderly patients walk shorter 
distances during 6MWT [29], the cut-off distance for iden-
tifying those at high risk of adverse outcome is likely to be 
lower in older patients. These data are important when risk 
stratifying elderly individuals with heart failure.

Our study shows that a decline in walk distance between 
baseline and 6 months is a predictor of poor prognosis. 
Passantino et al. reported in 476 patients over a 24-month 

Table 3   Primary and secondary 
outcomes according to change 
in 6-min walk test from baseline 
to 6 months tertile

AC all-cause, CV cardiovascular, CI confidence interval, Ref reference group (hazard ratio 1.0)

Tertile 1 Tertile 2 Tertile 3 Total
< 0 m change 0 to < 30 m ≥ 30 m

n = 521 n = 616 n = 579 (n = 1716)

Primary outcome
 AC mortality/CV hospitali-

sation, n (%)
179 (34.4) 153 (24.8) 149 (25.7) 481 (28.0)

 Hazard ratio (95% CI) 1.53 (1.23, 1.90) 1.02 (0.81, 1.28) Ref
 p value < 0.001 0.879 Ref

Secondary outcome
 AC mortality, n (%) 71 (13.6) 67 (10.9) 58 (10.0) 196 (11.4)
 Hazard ratio (95% CI) 1.49 (1.05, 2.11) 1.18 (0.83, 1.68) Ref
 p value 0.024 0.347 Ref

Fig. 2   a Kaplan–Meier plot. Effect of tertile of change in 6-min walk 
test from baseline to 6 months on the primary endpoint. b Kaplan–
Meier plot. Effect of tertile of change in 6-min walk test from base-
line to 6 months on the secondary endpoint
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follow-up period that even an improvement in walk distance 
of < 70 m 15 days after discharge due to a heart failure hos-
pitalisation was a significant predictor of all-cause mortality 
(HR 2.03, 1.29–3.18, p = 0.002) [30]. In 247 patients from 
FIRST (Flolan International Randomised Survival Trial), 
6MWT at baseline was predictive of mortality; however, 
there was no association with change in walk distance from 
baseline to 1 month [31]. In our study, participants with 
a shorter baseline walk distance were more likely to have 
improved performance at 6 months, even though they did 
not undergo the same intense therapy as participants in 
the Passantino and FIRST studies. This finding could be 
a result of regression to the mean, or patients with severe 
disease at baseline have greater potential for improvement in 
functional capacity following intervention. Our study adds 
important information on the utility of change in 6-min walk 
distance over 6 months on subsequent longer-term outcomes 
in elderly patients with heart failure.

A systematic review of the utility of the 6MWT to assess 
efficacy of heart failure treatments found only 3 out of 15 
placebo-controlled trials of beta-blockers reporting a sig-
nificant increase in distance walked during 6MWT in the 
beta-blocker group compared to placebo, all with carvedilol. 

However, 5 other carvedilol studies included in the system-
atic review did not show a significant effect on 6MWT [8]. 
The ELANDD study (Effects of Long-term Administration 
of Nebivolol on the clinical symptoms, functional capacity 
and left ventricular function of patients with Diastolic Dys-
function) concluded that nebivolol had no effect on func-
tional capacity (measured by the 6MWT) in 116 patients 
with heart failure with preserved ejection fraction [9]. The 
findings in our large sample of elderly patients are consist-
ent with these studies and suggest that nebivolol does not 
improve functional capacity in patients with heart failure, 
irrespective of ejection fraction. It is possible that other 
beta-blockers with evidence of benefit in heart failure may 
influence functional capacity. Moreover, recent results from 
the CHECK-HF study suggested that evidence-based heart 
failure treatment is underused in elderly patients [32]

Study limitations

The 6MWT protocol used in SENIORS was written prior 
to the standardisation of 6MWT protocol by the American 
Thoracic Society (ATS) in 2002 [13] and therefore does not 
formally adhere to these standards. Although the 6MWT was 

Table 4   All-cause mortality/CV 
hospital admission and all-cause 
mortality according to treatment 
group, stratified by baseline 
6-min walk test tertile

6MWT 6-min walk test, CI confidence interval, CV cardiovascular, ARR​ absolute risk reduction

Event rate ARR (%) Hazard ratio 95% CI p value Interac-
tion p 
valueNebivolol Placebo

All-cause mortality/CV hospital admission
 ≤ 200 m 107 (35.3) 125 (42.0) 6.7 0.79 0.61 1.02 0.076 0.644
 201 to ≤ 300 m 87 (28.4) 101 (32.6) 4.2 0.87 0.65 1.16 0.335
 > 300 m 107 (27.6) 117 (31.0) 3.4 0.86 0.66 1.11 0.244

All-cause mortality
 ≤ 200 m 52 (17.2) 64 (21.5) 4.3 0.79 0.55 1.14 0.204 0.843
 201 to ≤ 300 m 48 (15.7) 52 (16.8) 1.1 0.95 0.64 1.41 0.806
 > 300 m 51 (13.1) 58 (15.4) 2.3 0.82 0.56 1.20 0.312

Table 5   All-cause mortality/CV 
hospital admission and all-cause 
mortality according to treatment 
group, stratified by change in 
6-min walk test from baseline to 
6 months

6MWT 6-min walk test, CI confidence interval, CV cardiovascular, ARR​ absolute risk reduction

6MWT tertile Event rate ARR (%) Hazard ratio 95% CI p value Interac-
tion p 
valueNebivolol Placebo

All-cause mortality/CV hospital admission
 < 0 m 88 (31.9) 91 (37.1) 5.2 0.83 0.62 1.11 0.214 0.958
 0 to < 30 m 66 (22.7) 87 (26.8) 4.1 0.85 0.62 1.18 0.336
 ≥ 30 m 74 (24.0) 75 (27.7) 3.7 0.84 0.61 1.15 0.273

All-cause mortality
 < 0 m 34 (12.3) 37 (15.1) 2.8 0.82 0.52 1.31 0.408 0.716
 0 to < 30 m 29 (10.0) 38 (11.7) 1.7 0.88 0.54 1.43 0.601
 ≥ 30 m 30 (9.7) 28 (10.3) 0.6 0.93 0.56 1.56 0.780
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a pre-specified secondary outcome, this specific analysis was 
not detailed in advance of the original trial. Thirteen per cent 
did not have a repeat 6MWT at 6 months and this could have 
influenced statistical analyses. Potential metabolic abnor-
malities such as iron deficiency and systemic inflammation 
were not regularly collected [33, 34].

Conclusion

The 6MWT is a useful measure of functional capacity in 
elderly patients with stable heart failure and has prognostic 
utility. We demonstrated that in elderly population those who 
walked less than 200 m are at significant increased risk of 
death or cardiovascular hospital admission. There was no 
significant influence of nebivolol on distance walked from 
baseline to 6 months. The association of 6MWT and quality 
of life remains an important venue for research and should 
be further investigated in clinical trials.

Funding  The original SENIORS trial was sponsored by Menarini 
Research, Italy. The funding source had no role in the design, analysis 
or interpretation of the data.

Compliance with ethical standards 

Conflict of interest  None to declare for this analysis.

References

	 1.	 Guha K, McDonagh T (2013) Heart failure epidemiology: Euro-
pean perspective. Curr Cardiol Rev 9(2):123–127

	 2.	 Adams KF, Fonarow GC, Emerman CL, LeJemtel TH, Cos-
tanzo MR, Abraham WT, Berkowitz RL, Galvao M, Horton 
DP, ADHERE Scientific Advisory Committee and Investigators 
(2005) Characteristics and outcomes of patients hospitalized 
for heart failure in the United States: rationale, design, and pre-
liminary observations from the first 100,000 cases in the Acute 
Decompensated Heart Failure National Registry (ADHERE). Am 
Heart J 149(2):209–216

	 3.	 Ingle L, Cleland JG, Clark AL (2014a) The long-term prognos-
tic significance of 6-minute walk test distance in patients with 
chronic heart failure. Biomed Res Int 2014:505969. https​://doi.
org/10.1155/2014/50596​9

	 4.	 Ingle L, Cleland JG, Clark AL (2014b) The relation between 
repeated 6-minute walk test performance and outcome in patients 
with chronic heart failure. Ann Phys Rehabil Med 57(4):244–253

	 5.	 Forman DE, Fleg JL, Kitzman DW, Brawner CA, Swank AM, 
McKelvie RS, Clare RM, Ellis SJ, Dunlap ME, Bittner V (2012) 
6-min walk test provides prognostic utility comparable to cardio-
pulmonary exercise testing in ambulatory outpatients with systolic 
heart failure. J Am Coll Cardiol 60(25):2653–2661

	 6.	 Cowie MR, Wood DA, Coats AJ, Thompson SG, Poole-Wilson 
PA, Suresh V, Sutton GC (1999) Incidence and aetiology of heart 
failure; a population-based study. Eur Heart J 20(6):421–428

	 7.	 Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, 
Redfield MM (2006) Trends in prevalence and outcome of 

heart failure with preserved ejection fraction. New Eng J Med 
355(3):251–259

	 8.	 Olsson LG, Swedberg K, Clark AL, Witte KK, Cleland JG 
(2005) Six minute corridor walk test as an outcome measure for 
the assessment of treatment in randomized, blinded intervention 
trials of chronic heart failure: a systematic review. Eur Heart J 
26(8):778–793

	 9.	 Conraads VM, Metra M, Kamp O, De Keulenaer GW, Pieske B, 
Zamorano J, Vardas PE, Böhm M, Dei Cas L (2012) Effects of 
the long-term administration of nebivolol on the clinical symp-
toms, exercise capacity, and left ventricular function of patients 
with diastolic dysfunction: results of the ELANDD study. Eur J 
Heart Fail 14(2):219–225

	10.	 Flather MD, Shibata MC, Coats AJ, Van Veldhuisen DJ, Park-
homenko A, Borbola J, Cohen-Solal A, Dumitrascu D, Ferrari 
R, Lechat P, Soler-Soler J, Tavazzi L, Spinarova L, Toman J, 
Böhm M, Anker SD, Thompson SG, Poole-Wilson PA, SEN-
IORS Investigators (2005) Randomized trial to determine the 
effect of nebivolol on mortality and cardiovascular hospital 
admission in elderly patients with heart failure (SENIORS). 
Eur Heart J 26:215–225

	11.	 Cohen-Solal A, Kotecha D, van Veldhuisen DJ, Babalis D, Böhm 
M, Coats AJ, Roughton M, Poole-Wilson P, Tavazzi L, Flather M, 
SENIORS Investigators (2009) Efficacy and safety of nebivolol in 
elderly heart failure patients with impaired renal function: insights 
from the SENIORS trial. Eur J Heart Fail 11:872–880

	12.	 van Veldhuisen DJ, Cohen-Solal A, Böhm M, Anker SD, Baba-
lis D, Roughton M, Coats AJ, Poole-Wilson PA, Flather MD, 
on behalf of the SENIORS Investigators (2009) Beta-blockade 
with nebivolol in elderly heart failure patients with impaired and 
preserved left ventricular ejection fraction. J Am Coll Cardiol 
53:2150–2158

	13.	 ATS Committee on Proficiency Standards for Clinical Pulmonary 
Function Laboratories (2002) ATS statement: guidelines for the 
six-minute walk test. Am J Respir Crit Care Med 166(1):111

	14.	 Manzano L, Babalis D, Roughton M, Shibata M, Anker SD, 
Ghio S, Veldhuisen DJ, Cohen-Solal A, Coats AJ, Poole-Wilson 
P, Flather MD (2011) Predictors of clinical outcomes in elderly 
patients with heart failure. Eur J Heart Fail 13(5):528–536

	15.	 Rubim VS, Drumond Neto C, Romeo JL, Montera MW (2006) 
Prognostic value of the six-minute walk test in heart failure. Arq 
Bras Cardiol 86(2):120–125

	16.	 Opasich C, Pinna GD, Mazza A, Febo O, Riccardi R, Riccardi PG, 
Capomolla S, Forni G, Cobelli F, Tavazzi L (2001) Six-minute 
walking performance in patients with moderate-to-severe heart 
failure; is it a useful indicator in clinical practice? Eur Heart J 
22(6):488–496

	17.	 Arslan S, Erol MK, Gundogdu F, Sevimli S, Aksakal E, Senocak 
H, Alp N (2007) Prognostic value of 6-minute walk test in stable 
outpatients with heart failure. Tex Heart Inst J 34(2):166–169

	18.	 Roul G, German P, Bareiss P (1998) Does the 6 minute walk test 
predict the prognosis in patients with NYHA class II and III heart 
failure? Am Heart J 136:449–457

	19.	 Reibis RK, Treszl A, Wegscheider K, Ehrlich B, Dissmann R, 
Völler H (2010) Exercise capacity is the most powerful predictor 
of 2-year mortality in patients with left ventricular systolic dys-
function. Herz 35(2):104–110

	20.	 Wegrzynowska-Teodorczyk K, Rudzinska E, Lazorczyk M, Nowa-
kowska K, Banasiak W, Ponikowski P, Wozniewski M, Jankowska 
EA (2013) Distance covered during a six-minute walk test predicts 
long-term cardiovascular mortality and hospitalisation rates in 
men with systolic heart failure: an observational study. J Physi-
other 59(3):177–187

	21.	 Rostagno C, Olivo G, Comeglio M, Boddi V, Banchelli M, Galanti 
G, Gensini GF (2003) Prognostic value of 6-minute walk corridor 
test in patients with mild to moderate heart failure: comparison 

https://doi.org/10.1155/2014/505969
https://doi.org/10.1155/2014/505969


1201Clinical Research in Cardiology (2021) 110:1193–1201	

1 3

with other methods of functional evaluation. Eur J Heart Fail 
5(3):247–252

	22.	 Lucas C, Stevenson LW, Johnson W, Hartley H, Hamilton MA, 
Walden J, Lem V, Eagen-Bengsten E (1999) The 6-min walk 
and peak oxygen consumption in advanced heart failure: aerobic 
capacity and survival. Am Heart J 138(4):618–624

	23.	 Ingle L, Rigby AS, Carroll S, Butterly R, King RF, Cooke CB, 
Cleland JG, Clark AL (2007) Prognostic value of the 6 min walk 
test and self-perceived symptom severity in older patients with 
chronic heart failure. Eur Heart J 28:560–568

	24.	 Grewal J, McCully RB, Kane GC, Lam C, Pellikka PA (2009) Left 
ventricular function and exercise capacity. JAMA 301(3):286–294

	25.	 Fontes-Carvalho R, Sampaio F, Teixeira M, Rocha-Gonçalves F, 
Gama V, Azevedo A, Leite-Moreira A (2015) Left ventricular 
diastolic dysfunction and E/E′ ratio as the strongest echocardio-
graphic predictors of reduced exercise capacity after acute myo-
cardial infarction. Clin Cardiol 38(4):222–229

	26.	 Wenger NK (1988) Left ventricular dysfunction, exercise capacity 
and activity recommendations. Eur Heart J 9(suppl F):63–66

	27.	 Guazzi M, Dickstein K, Vicenzi M, Ross A (2009) Six-minute 
walk test and cardiopulmonary exercise testing in patients with 
chronic heart failure: a comparative analysis on clinical and prog-
nostic insights. Circ Heart Fail 2:549–555

	28.	 Ferreira JP, Metra M, Anker SD, Dickstein K, Lang CC, Samani 
NJ et al (2019) Clinical correlates and outcome associated with 
changes in 6-minute walk distance in patients with heart fail-
ure: findings from the BIOSTAT-CHF study. Eur J Heart Fail 
21:218–226

	29.	 Enright PL, McBurnie MA, Bittner V, Tracy RP, McNamara R, 
Arnold A, Newman AB (2003) The 6-min walk test: a quick meas-
ure of functional status in elderly adults. Chest 123(2):387–398

	30.	 Passantino A, Lagioia R, Mastropasqua F, Scrutinio D (2006) 
Short-term change in distance walked in 6 min is an indicator of 
outcome in patients with chronic heart failure in clinical practice. 
J Am Coll Cardiol 48(1):99–105

	31.	 Shah MR, Hasselblad V, Gheorghiade M, Adams KF, Swedberg 
K, Califf RM, O’Connor CM (2001) Prognostic usefulness of the 
six-minute walk in patients with advanced congestive heart failure 
secondary to ischemic or non-ischemic cardiomyopathy. Am J 
Cardiol 88(9):987–993

	32.	 Linssen GCM, Veenis JF, Kleberger A, Grosfield MJW, Viergever 
EP, van Dalen BM, de Valk-Bedijin W, Langerveld J, Brunner-
La Rocca HP, Hoes AW, Brugts JJ (2020) Medical treatment of 
octogenarians with chronic heart failure: data from CHECK-HF. 
Clin Res Cardiol. https​://doi.org/10.1007/s0039​2-020-01607​-y 
((Epub ahead of print, PMID: 32030498))

	33.	 Bekfani T, Pellicori P, Morris D, Ebner N, Valentova M, Sandek 
A, Doehner W, Cleland JG, Lainscak M, Shulze PC, Anker SD, 
von Haehling S (2019) Iron deficiency in patients with heart 
failure with preserved ejection fraction and its association with 
reduced exercise capacity, muscle strength and quality of life. Clin 
Res Cardiol 108:203–211

	34.	 Radenovic S, Loncar G, Busjahn A, Apostolovic S, Zdravkovic M, 
Karlicic V, Veskovic J, Tahirovic E, Butler J, Düngen HD (2018) 
Systemic inflammation and functional capacity in elderly heart 
failure patients. Clin Res Cardiol 107:362–367

https://doi.org/10.1007/s00392-020-01607-y

	Six-minute walk test: prognostic value and effects of nebivolol versus placebo in elderly patients with heart failure from the SENIORS trial
	Abstract
	Background 
	Methods and results 
	Conclusions 

	Introduction
	Methods
	Statistical methods

	Results
	Baseline characteristics
	Baseline 6-min walk test performance and association with outcomes
	Change in 6-min walk test performance and association with clinical outcomes
	Effects of nebivolol versus placebo on 6-min walk test and clinical outcomes

	Discussion
	Study limitations

	Conclusion
	References




