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Abstract
Most heart failure (HF) patients are older adults. However, the association of functional status and
outcomes in ambulatory older adults with chronic HF has not been well studied. Of the 7788 Digitalis
Investigation Group (DIG) trial participants, 4036 were ≥65 years. Of these, 1369 (34%) had New
York Heart Association (NYHA) class III–IV symptoms. We calculated propensity scores for NYHA
III–IV symptoms for all 4036 patients using a non-parsimonious logistic regression model. We used
propensity scores to match 1010 (74% of 1369) NYHA III–IV patients with 1010 of NYHA I–II
patients. Kaplan-Meier and matched Cox proportion hazard analyses were used to estimate
associations of NYHA class III–IV with mortality and hospitalizations. Patients had a mean age of
73 years, 31% were female, and 11% were nonwhites. All-cause mortality occurred in 394 (rate,
1385/10000 person-years) NYHA I–II and 452 (rate, 1654/10000 person-years) NYHA III–IV
patients, respectively, during 2967 and 2733 years of follow up (hazard ratio {HR}, 1.28; 95%
confidence interval {CI}, 1.09–1.50; P=0.002). NYHA III–IV class was associated with increased
cardiovascular (HR, 1.25, 95% CI, 1.04–1.49, P=0.016) and HF mortality (HR, 1.51, 95% CI, 1.16–
1.97, P=0.002). NYHA III–IV class was not significantly associated with hospitalizations due to all
causes (HR, 1.10; 95% CI, 0.96–1.25; P=0.165), cardiovascular causes (HR, 1.11; 95% CI, 0.96–
1.29; P=0.150), or worsening HF (HR, 1.09, 95% CI, 0.92–1.30; P=0.330). Baseline NYHA
functional class was associated with mortality but not with hospitalization in ambulatory older adults
with chronic HF.
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1. Introduction
Aging and heart failure (HF) are both characterized by decline in physical function. However,
the effect of functional status on outcomes in geriatric HF patients has not been well-studied.
Functional status in HF is often assessed using the New York Heart Association (NYHA)
functional classification (Hunt, et al., 2005; Radford, et al., 2005). According to NYHA
classification, depending on the severity of HF symptoms and the degree of effort needed to
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elicit those symptoms, patients are classified into one of the four classes: class IV (symptoms
of HF are present at rest), class III (symptom are present on less-than-ordinary activity), class
II (symptoms on ordinary exertion), and class I (no symptoms at ordinary physical activity)
(Radford, et al., 2005).

We have recently demonstrated in a propensity matched study that in ambulatory chronic HF
patients, presence of NYHA III–IV symptoms was associated with a significant 23% increase
in mortality (Ahmed, 2007). A subgroup analysis of that study suggested that the associations
of NYHA class III–IV symptoms and mortality were significant in both younger (age <65
years) and older (age ≥65 years) patients. However, the association was significantly weaker
among older adults (P for interaction=0.002) (Ahmed, 2007).

Evidence for elderly HF patients is frequently extrapolated from younger patients, as elderly
HF patients are often excluded from randomized trials. Unlike in randomized trials, results of
non-randomized studies can be more readily replicated in a cost-effective manner, obviating
the need for such extrapolation. Therefore, the objective of this study was to determine the
association between NYHA functional class and mortality and hospitalizations in a propensity
score matched cohort of ambulatory older adults with chronic HF.

2. Subjects and methods
2.1. Data source and patients

A public use copy of the Digitalis Investigation Group (DIG) data sets was used for the current
analysis. The DIG trial enrolled 7788 ambulatory chronic HF patients in normal sinus rhythm
from 302 clinical centers in the U.S. (186 centers) and Canada (116 centers) between January
1991 and August 1993 (The Digitalis Investigation Group, 1996; The Digitalis Investigation
Group, 1997). Of these patients, 4036 were 65 years and older, and 3405 (84%) had left
ventricular ejection fraction (LVEF) ≤45%.

2.2. New York Heart Association functional (NYHA) class
Participants in the DIG trial were classified by DIG investigators into one of the four NYHA
classes depending on the severity of HF symptoms and the degree of effort needed to elicit
those symptoms: class I (n=516), class II (n=2151), class III (n=1276), and class IV (n=93).
Because of functional similarity and convenience of propensity matching, we combined
patients with NYHA class I and II symptoms as NYHA class I–II (n=2667), and those with
class III and IV symptoms as NYHA class III–IV (n=1369).

2.3. Outcomes
For the purpose of this analysis, we studied the following outcomes: mortality and
hospitalizations due to all causes, cardiovascular causes, and worsening HF. Data on vital status
were 99% complete (Collins, et al., 2003).

2.4. Estimation of propensity scores
Because of significant imbalance in baseline covariates between patients with NYHA class I–
II and III–IV symptoms (Table 1), we calculated propensity scores for NYHA III–IV symptoms
for 4036 patients using a non-parsimonious multivariable logistic regression model, adjusting
for all available baseline covariates, and incorporating significant two-way interaction terms
in the model (Ahmed, et al., 2006b;Ahmed, et al., 2006c;Ahmed, et al., 2006d;Rosenbaum and
Rubin, 1983;Rubin, 1997;Rubin, 2001). Covariates in the model included age, sex, race, body
mass index, duration of HF, etiology of HF (ischemic versus other causes), prior myocardial
infarction, current angina, hypertension, diabetes, diuretic, potassium-sparing diuretics,
potassium supplement, angiotensin-converting enzyme (ACE) inhibitors, combined use of
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hydralazine and nitrates, and pre-trial use of digoxin, dyspnea at rest, dyspnea on exertion,
third heart sound, elevated jugular venous pressure, pulmonary râles, lower extremity edema,
pulmonary congestion, cardiothoracic ratio >0.5, serum creatinine and potassium levels, and
LVEFE. The model calibrated (Hosmer-Lemeshow test: p = 0.329) and discriminated (area
under the receiver operating characteristic curve; C = 0.79) well.

2.5. Propensity score matching
Using an SPSS macro, we matched each NYHA III–IV patient with another patient, who had
NYHA class I–II symptoms, but had a similar propensity score for NYHA III–IV symptoms
(Figure 1) (Ahmed, et al., 2006b;Ahmed, et al., 2006c;Ahmed, et al., 2006d;Levesque, 2005).
Matching is considered the most conservative of the three commonly used propensity score
methods. Overall, 74% (1010/1369) NYHA III–IV patients were matched with 1010 of NYHA
I–II patients with similar propensity scores. To assemble a comparable sized pre-match cohort,
we randomly selected 1010 NYHA I–II patients from the pre-match file and paired them with
1010 NYHA III–IV in the matched file.

2.6. Quantification of bias reduction: standardized differences
Absolute standardized difference in propensity scores between NYHA I–II and NYHA III–IV
patients before and after matching were respectively 116% and 0.3%. Absolute standardized
difference after matching between NYHA I–II versus III–IV patients in all measured covariates
were <5% (Figure 2). An absolute standardized difference of <10% is considered acceptable
reduction of bias (Ahmed, et al., 2006b;Ahmed, et al., 2006c;Ahmed, et al., 2006d;Austin, et
al., 2006;Normand, et al., 2001).

2.7. Statistical analysis
Baseline characteristics of HF patients with NYHA I–II versus III–IV symptoms were
compared using Pearson chi-square and Wilcoxon rank-sum tests. Kaplan-Meier analysis and
matched Cox proportional hazards analyses were used to determine association of NYHA III-
IV (relative to class I–II) and various outcomes. Proportional hazards assumptions were
checked using log-minus-log scale survival plots for patients in the two treatment groups. To
determine if there was any heterogeneity in the association between NYHA class and mortality,
we conducted subgroup analyses, and tested for interactions. All statistical tests were done
using SPSS for Windows (Release 14) (SPSS, 2006), and two-tailed 95% confidence levels;
a p <0.05 was required to reject the null hypothesis.

3. Results
3.1. Patient characteristics

Overall, patients had a mean age of 73 years, 31% were female, and 11% were nonwhites.
Balance in baseline characteristics and quantitative measures of biases in patients with NYHA
I–II and III–IV symptoms, before and after matching are displayed in Table 1 and Figure 2.
Values of absolute standardized differences for all covariates were <5%, suggesting
considerable reduction of bias (Ahmed, et al., 2006b;Ahmed, et al., 2006c;Ahmed, et al.,
2006d;Austin, et al., 2006;Normand, et al., 2001).

3.2. Function and mortality
Overall, 846 (42%) died from all causes, including 652 (32%) due to cardiovascular causes
and 330(16%) due to HF during the median follow up of 35.6 months. Kaplan-Meier plots for
deaths due to all causes are displayed in Figure 3. Compared with 394 deaths from all causes
in NYHA I–II patients during 2967 years of follow up (mortality rate, 1385 per 10000 person-
years), 452 NYHA III–IV patients died during 2733 years of follow up (mortality rate, 1654
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deaths per 10000 person-year; Table 2). Presence of NYHA III–IV symptoms at baseline was
associated with a significant 28% increase in all-cause mortality (hazard ratio, 1.28, 95%
confidence interval, 1.09– 1.50; p =0.002). Association of NYHA III–IV and mortality due to
cardiovascular causes and HF are displayed in Table 2. Unadjusted associations of NYHA III–
IV class symptoms and various mortalities before matching are also displayed in Table 2.

3.3. Function and hospitalization
Overall, 1459 (72%) patients had hospitalizations due to all causes, including 1145 (57%) due
to cardiovascular causes and 744 (37%) due to worsening HF. Compared with 723
hospitalizations from all causes in patients with NYHA I–II symptom during 1553 years of
follow up (rate, 4656 hospitalizations per 10000 person-years), 736 NYHA III–IV patients
were hospitalized during 1418 years of follow up (rate, 5190 deaths per 10000 person-years;
Table 3). Baseline NYHA III–IV symptoms were not associated with hospitalizations (Table
3). Association of NYHA III–IV and hospitalizations due to cardiovascular causes and HF are
displayed in Table 3. Unadjusted associations of NYHA III–IV class symptoms and various
hospitalizations before matching are also displayed in Table 3.

4. Discussion
4.1. Key study findings

The findings of the current study suggest that the presence of NYHA class III–IV (versus class
I–II) symptoms was associated with increased mortality in older adults with HF. However, in
contrast with relatively younger HF patients (Ahmed, 2007), the presence of NYHA class III–
IV symptoms was not significantly associated with hospitalization. These findings are
important as most HF patients are older adults and with the aging of the population, the
prevalence of HF is projected to increase in the coming decades.

4.2. Possible explanation of study findings
The findings of our study are intriguing as after matching, patients with NYHA class I–II and
III–IV had similar symptom and comorbidity burden, yet those with higher NYHA class were
at increased risk of death. The relatively weaker association of functional limitation and
mortality in elderly HF patients compared with younger HF patients (Ahmed, 2007) is likely
due to the fact that in older adults functional decline can be due to causes other than HF
symptoms. It is possible that in older adults with HF, presence of functional limitation may be
a marker of disease progression, and not just a marker of temporary symptomatic exacerbation.

This notion is also supported by our finding that presence of higher NYHA class symptoms
was not associated with increased hospitalization in this cohort of elderly HF patients. This
finding is also consistent with clinical observation that older adults with HF often attribute
their HF symptoms to aging, thus delaying diagnosis, clinical evaluation, and hospitalization.
Other factors such as difficulty with transportation, and disliking for long delays in busy
emergency departments and non-familiar hospital environment may also explain why geriatric
HF patients may not seek and receive timely care. Because older adults are in general a
heterogeneous group and are more likely to restrict their physical activity due to aging,
deconditioning, and other comorbidities, NYHA functional class may not be a good marker of
HF symptom burden in these patients.

4.3. Comparison with other studies in the literature
To the best of our knowledge, this is the first study of association of NYHA class and long-
term outcomes in a propensity score matched cohort of geriatric HF patients. Our finding of
an increased mortality associated with higher NYHA class is consistent with those of prior
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studies, which were mainly based on relatively young patients with advanced systolic HF
awaiting cardiac transplants (Campana, et al., 1993; Horwich, et al., 2002). Other studies are
smaller and based on short-term outcomes (Bouvy, et al., 2003; Jiang, et al., 2001; Madsen, et
al., 1994; Muntwyler, et al., 2002; Scrutinio, et al., 1994). Matching by propensity scores is a
particular strength of the current study.

4.4. Clinical implications
Geriatric HF patients with higher NYHA class symptoms should be assessed for potential
reasons for their higher symptom burden. They should also be treated with life-saving
neurohormonal antagonists following recommendations of a major HF guideline. If they are
volume overloaded, euvolemia should be achieved with careful use of diuretics. Other
interventions such as salt and fluid restriction, adherence with medications, physical therapy,
and palliative care should also be considered as appropriate.

4.5. Strengths and limitations
While propensity score technique can account for imbalances in all measured covariates, it
may or may not balance unmeasured covariates. However, for such an unmeasured confounder
to explain away our finding it must be strongly associated with NYHA class and outcomes,
and be not strongly associated with any of the many baseline covariates in the DIG trial (Ahmed,
et al., 2006a; The Digitalis Investigation Group, 1997). It is possible that some patients with
NYHA class I–II became III–IV due to disease progression or noncompliance with therapy,
and vice-versa. However, such misclassification is likely to be random and could only have
underestimated the association observed in our analysis. Finally, the results of our study are
based on HF patients who were in normal sinus rhythm from a pre-beta-blocker era. Thus, their
generalizability to contemporary elderly HF patients is uncertain.

4.6. Conclusions
In geriatric HF patients, the presence of dyspnea and fatigue at rest or on less-than-ordinary
physical activity (NYHA class III–IV) at baseline was associated with increased mortality but
had no effect on hospitalizations, including those due to worsening HF.
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Figure 1.
Distribution of propensity scores by New York Heart association (NYHA) functional class
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Figure 2.
Absolute standardized differences before and after propensity score matching comparing
covariate values for patients with New York Heart Association class I–II versus III–IV
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Figure 3.
Kaplan-Meier plots for mortality due to all-causes by New York Heart Association (NYHA)
functional class
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