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Abstract 
Aim: A discussion of the measurement of functional status in cardiovascular research. Background: 
Selection of appropriate outcome measures and instrumentation is vital for nurse researchers to 
ensure that outcomes align conceptually and are measured using reliable and valid tools. Functional 
status is a well-known outcome in cardiovascular research—however attention to underlying 
conceptual differences that may influence choices of whether to include subjective or objective 
measures is needed. Design: This work is a discussion paper: seminal research reporting the de-
velopment, validation, and reliability testing of the NYHA classification system and the Duke 
Treadmill Score. Implications for nursing: Conceptually clarity and comprehensive appraisal of 
the reliability and validity of outcome measures in nursing research are essential to ensure high 
level of quality outcomes that will benefit patients. 
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1. Introduction 
In nursing research, the selection of instruments and outcome measures to assess the effectiveness of health- 
related interventions requires careful consideration. To avoid mismatches, concepts of interest should link ap-
propriately to the selected measures. In addition, the reliability and validity need to be clearly established. When 
the population of interest includes patients with cardiovascular disease (CVD), measurement and evaluation of 
functional status have been widespread in nursing research across health care settings and countries. Frequently, 
the New York Heart Association (NYHA) classification system, a subjective measure for assessing functional 
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status in patients with CVD, is used [1]. In the literature, the NYHA system is reported as a serial measurement 
of functional status, an inclusion criterion, as well as an outcome measure [2]. In cardiovascular research, when 
associations between the NYHA and health-related outcomes are proposed, the validity and reliability of this 
functional classification system require careful appraisal. 

Alternatively, exercise stress testing offers an objective and reproducible measure of functional capacity [3]. 
The Duke Treadmill Score (DTS), for example, applies results from standard exercise stress testing to categorize 
patients with suspected or established CVD as high, moderate, or low risk for negative health outcomes [4] [5]. 
The DTS and the NYHA system provide options for objective and subjective measurement of functional status, 
respectively, cardiovascular nurse researchers. In what follows in this paper, we will apply a conceptual frame-
work to examine the utility of two common measures of functional status. 

2. Conceptual Framework 
Maintaining and improving functional status represent meaningful outcomes to patients with cardiovascular re-
lated illnesses; however, ambiguity in the literature regarding both the measurement and conceptual interpreta-
tion of functional status pose challenges to employing appropriate instrumentation [6]-[8]. A useful vehicle to 
enhance conceptual clarity is the application of a framework, such as Leidy’s conceptual framework [9]. This 
framework proposes four discrete dimensions of functional status: capacity, performance, reserve, and capacity 
utilization. Functional capacity represents the maximum potential of which an individual is capable. Physically, 
capacity reflects a person’s trained state through ventilatory and cardiac capacity. Evaluation of capacity may 
include methods such treadmill testing, pulmonary function, and blood analysis. Functional performance repre-
sents the day-to-day activities a person chooses to undertake, within the limits of functional capacity. Motivation 
to perform activities of daily living influences a person’s functional performance. As a person approaches his or 
her functional capacity, additional exertion is required to obtain a higher level of functional performance. As 
such, application of Leidy’s [9] framework can provide researchers with clear direction on the measurement of 
functional status in cardiovascular patients as well as guidance in the development of appropriate interventions 
to impact functional status. In what follows, we will discuss two cardiovascular measures applying two of the 
definitions from Leidy’s framework—capacity and performance. 

3. NYHA Development 
Developed by the Criteria Committee in 1964 with the purpose of creating a summary statement to describe the 
evaluation of cardiovascular status in patients, this classification system has since undergone two revisions [1] 
[10]. The system is based entirely on patients’ subjective symptoms. The NYHA assigns functional Classes I - 
IV based on physical limitations caused by cardiac symptoms. The Classes describe progressive limitations in 
physical activity (Leidy’s functional performance) ranging from minimal limitation (Class I) to an inability to 
continue any physical activity without symptoms (Class IV) [1]. The classification was expanded to include ob-
jective assessment classes (A - D) to complement functional capacity and to provide a more complete and “real-
istic” appraisal of cardiac status. The range of classes defines Class A patients as no objective evidence of CVD, 
Class B as moderately severe CVD, and up to Class D as evidence of severe CVD. The Committee provided no 
guidance or clear definition on the criteria used to determine these and is therefore a subjective process. 

When the NYHA classification system was developed, it was not intended for use as a measurement instru-
ment. Its purpose was to encourage physicians to provide the best therapeutic approach to care [1] [10]. Despite 
its reliance on the subjective interpretation of patient’s symptoms, the functional classes are often erroneously 
applied during classification of ventricular dysfunction and congestive heart failure [1]. Because of the informal 
method of development, the system was not subjected to the traditional psychometric testing required of other 
tools used to measure health status [11] [12]. Therefore, assessment of the validity and reliability of the NYHA 
poses a challenge for researchers. 

4. Validity & Reliability 
Assessing validity can go beyond the psychometric properties of an instrument to examine what is being meas-
ured and the relationship of a variable to an underlying cause [12]. A valid instrument should precisely measure 
the intended concept and have low to moderate correlations with related concepts. Thus, if the concept of func-
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tional status were associated with functional capacity and performance, as suggested by Leidy [9], a moderate 
correlation between measures purporting to assess these concepts would be expected [12]. Moreover, attention 
to the intended purpose of the NYHA in research studies must be given to determine the type of validity to ap-
praise. To this end, the concurrent validity (a form of criterion validity) of the NYHA has been supported 
[13]-[15]. 

In three studies, NYHA functional class was validated against criterion measures of functional capacity in pa-
tients with heart failure [14] [15] and symptomatic or asymptomatic patients undergoing exercise stress testing 
[13]. Smith et al. [15] performed exercise testing using a defined bicycle ergometer protocol including direct 
measurement of peak oxygen uptake (VO2). Goldman et al. [13] performed treadmill exercise testing using the 
Bruce protocol [16]. All three studies observed poor agreement between NYHA functional class and either peak 
VO2 or exercise treadmill performance. Goldman et al. [13] reported 51% agreement between exercise per-
formance and NYHA classes (weighted kappa 0.33). Similarly, Smith et al. [15] found inconsistency between 
NYHA classifications and peak VO2 results within each NYHA class. Although there was a trend toward lower 
maximal VO2 among Class III NYHA patients, Class I - II patients also reported low maximal VO2 during exer-
cise testing using a bicycle ergometer [15]. Lastly, Rostagno et al. [14] found only 41.7% agreement between 
peak VO2 and NYHA classes. 

Convergent validity, a form of construct validity, was assessed when the NYHA was compared with level of 
performance in heart failure patients using the six-minute walk test (6 MWT). In 33% of patients, categorization 
according to NYHA class agreed with distance walked in the 6 MWT [14]. Concordance was highest among pa-
tients with the poorest NYHA class, that is, those walking the shortest distances. Other investigations also sup-
port the inverse association between NYHA class and the 6 MWT in Class IV NYHA patients [17] [18]. Thus, 
the moderate associations between the NYHA and the 6 MWT suggest that these two measures assess similar 
theoretical constructs of function, namely Leidy’s [9] functional performance. 

Certain properties in the NYHA system, such as interpretability (classes) and scaling warrant further discus-
sion of validity. Regarding interpretability, the most ambiguous language found in the NYHA is the term “ordi-
nary physical activity” [1]. The meaning of “ordinary”, followed by a subjective judgment on the degree of 
compromise, can vary among patients, among assessors, or over time as health conditions fluctuate [19]. In pa-
tients with CVD, voluntary limitation in activity because of poor cardiovascular health or other co morbid con-
ditions might lead to diminished symptoms from lack of exertion. As a result, when questioned, patients may not 
report symptoms because “ordinary physical activity” is sedentary. Raphael et al. [2] examined the accuracy of 
responses to the most commonly asked question in patients with heart failure: “How far can you walk?” The 
study reported that the median estimation made by patients for a 50-metre distance was 73 metres (range 9 to 
274 metres)—an overestimation of 46%. Attempts to improve the accuracy in NYHA class assignment have 
been made by developing adjunct questionnaires aimed at increasing precision [2] [20]. 

The NYHA uses an ordinal scale to reflect the increasing severity of cardiovascular symptoms. The limitation 
imposed by only four categories becomes apparent when discrimination between NYHA Class II and III is re-
quired. Determining the difference between “slight” and “marked” limitation of physical activity requires addi-
tional interpretation of physical activity during assessment [2] [10]. In Raphael et al.’s [2] survey of 50 cardi-
ologists, 67% reported using a patient’s ability to walk up a flight of stairs as the discriminatory question to de-
termine a classification of II or III. The adjunct questionnaires developed by Goldman et al. [13] and Kubo et al. 
[20], aimed at increasing the accuracy of NYHA class assignment, were shown to be valid when used by physi-
cians and non-physicians. The continued application of these adjunct questionnaires in research is not known. 

Discriminating between the four NYHA classes becomes a primary concern when the NYHA is used as a cri-
terion for inclusion in research. For example, when a study purports to include only NYHA Class III, the ability 
to accurately assign NYHA class can ultimately influence the research findings. Raphael et al. [2] examined the 
use of NYHA class in 200 clinical trials, finding that 80 of these used the NYHA as an inclusion criterion. De-
pending on the desired research outcome, systematic misclassification of NYHA class could lead to biased re-
sults. In addition, 99 of these trials used NYHA class as both an inclusion criterion and an outcome measure. 
However, evidence of guidelines or standardization applied to determine NYHA class is rarely considered or 
reported [2]. 

If NYHA classes are to be used as a measure in nursing research, then the responsiveness of the NYHA to 
change must be established. The terms “sensitivity” and “responsiveness” are often used interchangeably [12]. 
Streiner and Norman [12] consider sensitivity and responsiveness to be a component of the validity of a measure 
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rather than a third variable to include with reliability and validity. Sensitivity to change is “the ability of an in-
strument to measure change in a state regardless of whether it is relevant or meaningful to the decision maker” 
[21], whereas responsiveness is “the ability of an instrument to measure a meaningful or clinically important 
change” [21]. When one considers that the NYHA was not developed to be used as a measurement tool, it is 
surprising to find its widespread use as an outcome variable in clinical trials. Questions regarding sensitivity re-
main: Are the four NYHA classes sensitive enough to discrete changes within the same patient along the con-
tinuum of CVD? Is the NYHA responsive enough to measure change over time? Demers et al. [18] indirectly 
established the responsiveness of the NYHA among patients with chronic heart failure. The trial was powered to 
evaluate the reliability of the 6MWT as a measure of functional performance in patients with heart failure ran-
domized to medical intervention or placebo. The study observed small changes in the NYHA demonstrating re-
sponsiveness to change in the sample; although small, these changes were purported to have clinical importance. 

Few studies have directly evaluated the reliability of the NYHA classification system [2] [13] [22], thus, its 
inclusion as an outcome measure in clinical trials is concerning. Appropriate NYHA classification relies on the 
consistent interpretation of the rater. Test-retest reliability methods may not be reliable in CVD patients because 
of the shifting nature of symptoms that may occur between test comparisons. 

Goldman et al. [13] used two physicians to estimate NYHA functional class in 75 patients on the same day 
without chronic heart failure, reporting an interrater reliability of 56% (weighted kappa = 0.41). In a second 
study, two cardiologists assessed the same 50 chronic heart failure patients on the same day in random order, 
observing 54% agreement in NYHA classes [2]. In a third study, two physicians assigned NYHA class to 56 pa-
tients [22] with stable angina within the same hour, resulting in the highest reported agreement of 75%. Among 
these studies, disagreement by more than one functional class was low and, for the most part, was concentrated 
on determining the discrete differences between Classes II and III. Taken together, the reliability of the NYHA 
system is limited in the few trials that have measured it directly. 

5. Strengths and Weaknesses 
The greatest strength of the NYHA classification system is its utility as a functional classification system that is 
meaningful across healthcare professionals when reporting on the clinical status of patients. Despite this, the 
NYHA has weaknesses. First, assigning NYHA Class I or IV is not problematic in a clinical setting, reliably 
discriminating between NYHA classes II and III poses greater difficulty. Questionable reliability limits the ap-
plication of the NYHA class system as a research tool, especially when neither the objective components of the 
NYHA nor a description of methods to obtain the NYHA is reported [2]. Second, there is poor agreement be-
tween criterion measures of functional capacity and the NYHA when assessed at the same point in time, high-
lighting the limitation of the NYHA as a measure of functional capacity in patients with CVD [2] [13] [15]. 
Third, there is limited evidence of the NYHA’s responsiveness to interventions; thus, its use as an outcome 
measure in trials re-evaluated. 

In nursing research, utilization of the NYHA classification system as an outcome measure to assess changes 
in functional capacity or performance should be cautioned, for two reasons: the NYHA measures functional 
status, and there is limited evidence of the NYHA’s responsiveness. Most importantly, without evidence of reli-
ability, researchers cannot be certain that the NYHA is able to consistently assess functional status on the same 
patient either by different observers or on different occasions. 

6. Duke Treadmill Score Development 
The DTS was developed as a simple quantitative tool to assist in the stratification of prognosis and risk of future 
coronary events in patients [23]. The developers had three goals: to focus on prognosis rather than diagnosis, to 
create a single index based on independent prognostic data from a treadmill test, and to keep it simple and user 
friendly [23]. The treadmill score was originally derived from in patients referred for treadmill testing and an-
giography [4]. Variables obtained from treadmill testing were ranked according to prognostic importance in pre-
dicting cardiovascular death [4]. The score was derived from the three highest ranked variables: the amount of 
ST depression on an electrocardiogram, exercise capacity, and the presence or absence of angina [24]. The DTS 
incorporates the estimated maximal metabolic equivalent (MET) level, which is a surrogate measure of VO2 
(exercise capacity) attained by exercise testing using the Bruce treadmill protocol [24] [25]. Specific cutoffs for 
achievable MET levels have been associated with survival in CVD patients [26]. The advantage of the Bruce 
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protocol is that it does not require costly gas exchange to measure VO2 directly but estimates it based on stan-
dardized values. The Bruce protocol reliably predicts the peak VO2 (consumption) in most patients using the 
maximum duration of exercise (in minutes) [24]. ST depression is measured and the treadmill angina index 
coded from 0 to 2 [3]. The DTS incorporates these three variables to calculate a prognostic risk score. These 
variables are entered into a simple equation and calculated as follows [4]: 

DTS = exercise time − (5 × ST deviation) − (4 × exercise angina) 

Once a score is calculated, patients are stratified into three cardiovascular-related mortality risk categories: 
high risk (≤−11), moderate risk (−10 to +4), and low risk (≥5). 

7. Validity and Reliability 
In the seminal work by Mark et al. [4], the performance of the DTS was validated during development using a 
test sample from a study population of 2842 patients by splitting the sample into two groups, exercise training 
and test sample (control). Kaplan-Meier estimates of survival rates in both groups were compared using the DTS, 
observing similar rates in each sample and thus reproducible prognostic stratification and supporting the repro-
ducibility of the DTS. 

The original validation sample consisted of inpatients who were preselected to undergo angiography; there-
fore, it was unknown if the DTS would perform equally as well in an outpatient population with unknown dis-
ease status. To address this, Mark et al. [5] undertook a second validation study using the DTS in an unselected 
sample (n = 613) referred for non-invasive assessment of suspected CVD. The study aimed to examine two as-
pects of predictive accuracy of the DTS: (1) its reliability in agreement with observed prevalence of cardiovas-
cular death and (2) how well the score discriminated between those who survived and those who did not. The 
DTS demonstrated good predictive accuracy in four-year survival rates for patients categorized as low, moderate, 
and high risk and confirmed that the DTS could reproduce prognostic stratification in both inpatient and outpa-
tient populations [5]. These findings are important for nurse researchers when considering application of the 
DTS as a research tool, particularly the ability to identify patients at low risk for future cardiac events for inclu-
sion in exercise-based intervention and secondary prevention trials. Moreover, identification of patients at low 
risk for future events using the DTS as a prognostic risk stratification measure after exercise testing may reduce 
the necessity of costly invasive procedures in patients who are unlikely to experience a negative cardiovascular 
outcome [3] [23]. 

Although the DTS was demonstrated to be valid among males with or without evidence of CVD, validation 
among other subgroups of patients is imperative for nurse researchers to ensure that the DTS can stratify among 
differences in risk in particular samples of patients. The DTS should demonstrate reproducibility among differ-
ent groups of patients to consider including the tool in different populations [27]. To address this, validation 
studies to assess the predictive accuracy and reproducibility of the DTS were conducted in subgroups of women 
and elderly patients [28]-[30]. Two studies explored the predictive accuracy and reproducibility of the DTS in 
women. Alexander et al. [28] evaluated symptomatic women (n = 976) and men (n = 2249) who underwent a 
treadmill test and cardiac catheterization The two-year mortality risk for women and men was 1.9% and 4.9%, 
respectively. Among the low, moderate, and high DTS risk categories, the mortality rate for women was 1%, 
2.2%, and 3.6%. For men, the mortality rates by DTS category were 1.7%, 5.8%, and 16.6%, respectively. The 
prevalence of CVD assessed by cardiac catheterization was 32% for women and 72% for men (p < 0.001). 
Overall, the DTS was found to have equivalent predictive abilities in men and women. 

Gulati et al. [29] followed a cohort of 5636 asymptomatic women from 1992 to 2000 to examine the prognos-
tic performance of the DTS and exercise capacity in relation to all-cause mortality. In this cohort, the mean DTS 
score was 8 ± 4 (low risk). Survival analysis revealed that hazard ratios for death were 2.2 times greater among 
women with a DTS < 5 compared with women with a DTS ≥ 5 (95% CI: 1.6 - 3.1). Exercise capacity and DTS 
were both independent predictors of mortality. For each unit of increase in the DTS (improved score), the hazard 
ratio decreased by 9%. The effect was more powerful for exercise capacity alone; for each one MET increase in 
exercise performance, the hazard ratio decreased by 17%. Therefore, the predictive value of the DTS was due 
primarily to the exercise capacity component of the score. Functional capacity in this cohort influenced all-cause 
mortality. 

Finally, Kwok et al. [30] hypothesized that the DTS would not discriminate risk as well in the elderly (>75 
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years) compared with non-elderly controls (<75 years) over a median period of 6.5 years. In the elderly group, 
the proportions of patients with low, moderate, and high DTS risk categories were 26%, 68%, and 6%, respec-
tively (n = 247), but these scores did not predict the cardiovascular-related outcomes as well in the elderly 
groups compared to the non-elderly group (n = 2304). The DTS in this relatively small sample did not perform 
as well compared with controls. However, the elderly had a shorter exercise time, making it more difficult to 
achieve greater time. The mean DTS score was also significantly lower in the elderly group at 2.3 (range −3.2 to 
5.0) compared with the controls at 5.5 (range 0.5 to 8.4). Exercise testing in elderly patients using a treadmill 
may be limited due to inability to achieve exercise times because of overall deconditioning. 

Although developed as a prognostic tool, the DTS has been validated as a diagnostic tool [31] [32]. Lipinski 
et al. [31] compared the probability estimates of CAD severity and death made by physicians with estimates 
from four different treadmill scores in patients with chest pain (n = 599). Receiver operating curves (ROC) were 
used to analyze the predictive accuracy of the treadmill and physician estimates of disease severity. Here, the 
DTS performed as well or better than physician judgment in predicting significant CAD. Shaw et al. [32] also 
observed that the DTS provided accurate diagnostic information to predict significant CAD (≥75% stenosis); the 
area under the ROC was 0.76 in a sample of 467 patients. Both studies used angiograms as the criterion measure 
for comparison. The findings demonstrate that the DTS may accurately predict the presence of CAD and could 
be considered when nurses are planning research for primary prevention interventions. Application of the DTS 
as a diagnostic tool in secondary prevention studies is unwarranted and should be considered only when risk 
stratification of patients is advised. 

The reliability of the DTS as measured by interrater, intrarater, or test-retest methods was not reported in 
these validation studies. Although considered an objective tool, the DTS is susceptible to random or systematic 
errors in measurement during evaluation of patient symptoms. This error could occur within any of the three 
variables that make up the DTS. The Bruce treadmill protocol, which is prescriptive in its six stages, timing, and 
measurement, also includes the Borg scale (a subjective instrument to measure the level of exertion and breath-
lessness during exercise testing) to assess limiting symptoms during testing [33]. The treadmill itself requires 
periodic calibration to maintain accuracy and is less accurate when patients hold the handrails during testing, 
which, in turn, influences exercise capacity and electrocardiogram lead positioning [33]. Incorrect positioning of 
chest leads for measuring ST changes could lead to discrepancies and influence calculation of the total DTS. 
The sensitivity of exercise electrocardiography in measuring true ST changes in patients is embedded within the 
DTS and, as such, requires its own reliability and validity as part of the DTS [34]. Because the DTS is a com-
posite tool, all three variables must possess good validity and reliability for the score to be accurate. 

8. Strengths and Weaknesses 
As a prognostic risk tool, the body of evidence suggests that the DTS effectively and consistently stratifies both 
men and women, with or without chest pain symptoms, into low-, moderate-, and high-risk groups for future 
negative cardiovascular outcomes [4] [5] [28] [29]. Moreover, the DTS performs well in both inpatient and out-
patient cardiovascular populations of patients with CVD [4] [5]. However, the DTS is not as precise when 
stratifying elderly patients (>75 years) [30]. As a diagnostic tool, the DTS demonstrated predictive accuracy for 
determining the presence of significant CAD [31] [32]. Overall, the DTS is a valid tool when used for risk strati-
fication purposes and is recommended in practice guidelines for exercise testing [35] [36]. In addition, the DTS 
can indirectly provide an indication of functional capacity in patients through exercise times achieved using the 
Bruce protocol and corresponding achieved METS, without the added costs and resources required to assess 
VO2 (the gold standard). 

As a research tool in cardiovascular patients, the DTS can offer a simple, inexpensive risk stratification to ob-
tain baseline risk scores in patients, prior to inclusion into secondary prevention trials aimed at improving func-
tional capacity or improving health-related quality of life (HRQoL). 

The DTS is not without limitations. The responsiveness of the DTS through serial testing was not reported 
directly in the literature we reviewed. Studies using the DTS focused primarily on a single measurement to de-
termine patient limitations imposed by CAD and the tool’s prognostic significance. The magnitude of change 
that is clinically meaningful in response to interventions, as measured by the DTS, is unclear. Nurses may 
choose a reduction in a risk category from moderate to low as a possible research outcome. However, before us-
ing the DTS as an outcome variable to measure risk reduction, additional evidence demonstrating its respon-
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siveness to change is required. Moreover, the DTS’s test-retest reliability should be considered, and assessed. 
The American Heart Association recommends that exercise testing not vary more than 10% on repeated testing 
[37]. Therefore, in nursing research, measures to ensure the DTS’s reliability must be defined and adhered to. 
These measures could include creation of standardized operation manuals, training of research staff, and admin-
istering the exercise tests at the same time of day [33]. 

9. Conclusions and Implications for Nursing Research 
The development of research proposals designed to answer questions that are important to nursing, careful atten-
tion to instrumentation and properties of measurement tools used to gather outcome data can avoid unanswered 
questions about study findings. Developing a research question that aims to explore “function” as an outcome 
necessitates an examination of available methods developed to reliably measure the construct [38]. Moreover, 
appraisal of psychometric evidence to support the reliability and validity of such measures is required. Finally, 
to guide nurse researchers during these decisions, the application of a conceptual framework such as Leidy’s [9] 
strengthens the internal validity of the research. In this paper, we discussed two measures of function, as such; 
measurement of function in terms of “capacity” and “performance” using two well known measures provided a 
concrete example of the complexities that researchers may face. Assuming that “function” is measured reliably 
using the NYHA classification system as an outcome variable may lead to difficulties during interpretation of 
the study findings. The NYHA and the DTS propose to measure components of physical function. Upon closer 
examination, each tool has limitations related to how and when the concept of function is adequately represented. 
The NYHA remains a simple, subjective classification system for patients with CVD. Because of its current 
widespread adoption, it will likely continue as a measure to classify patients in clinical settings and as a research 
criterion. Moderate correlations observed with associated measures of functional capacity and performance may 
suggest that a more effective use of NYHA classes could be as an “anchor” to make comparisons with HRQoL 
[39]. Used in this way, the NYHA class measured at baseline could provide an anchor to HRQoL or functional 
measure outcome. However, nurses considering inclusion of the NYHA should clarify the dimension of function 
they are addressing in the research question. Functional status is not just capacity or performance, and the 
NYHA was not developed to adequately represent these specific dimensions. Nurse researchers who choose the 
NYHA as an inclusion criterion should, 1) include a description of how the classes are assigned by raters, 2) in-
clude patients as self raters [40], 3) provide the objective components of the NYHA, 4) include evidence of in-
terrater or intrarater reliability, and 5) administer training to raters. 

The language and interpretability of the NYHA remain ambiguous, making patients subject to potential biases 
in responses depending on the situation, state of health, and environment. The NYHA is subjective, and patients 
often describe symptoms while sitting in a chair; these symptoms are then interpreted by a rater, who assigns 
them an NYHA class. The NYHA does not take into account physical limitations that interfere with the ability 
of a person to perform “normal activities”. In addition, if patients rate current symptom status against a previous 
point in time, they may shift responses in light of their current state of health [12] [40]. Living with long-term, 
multiple, chronic health conditions can result in patients’ adjustment to illness and a redefining of what “normal” 
is for them. In cardiovascular research, careful attention to choosing a measurement tool that captures the di-
mensions influenced by interventions will result in research outcomes that are more meaningful to both patients 
and healthcare providers. 

The DTS as a research tool offers nurse researchers an alternative or adjunct to subjective measures of func-
tion and demonstrates strong consistent measurement properties. As a modifiable risk factor, poor exercise ca-
pacity identified through exercise testing may be amenable to exercise-based interventions. However, not all pa-
tients with CVD will be suitable or willing to perform repeated exercise tests on a treadmill as part of a research 
protocol. In particular, patients with heart rhythm disorders, pacemakers, or implantable defibrillators, who have 
conduction abnormalities (complete left bundle branch block, paced rhythm), can greatly affect the diagnostic 
performance of the exercise test [36]. Depending on the patient population, alternative measures of function 
might be required. Furthermore, obtaining patients’ perception of their function is important, and perhaps 
blending the two types of instruments could add value in nursing research. Keeping Leidy’s framework in the 
forefront during study design decisions, researchers must ask themselves if the aim of the intervention is to im-
prove “capacity” or “performance” in the context of the NYHA or DTS. However, researchers are not limited ot 
the NYHA and DTS, several tools are available to consider [38]. 
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Nurse researchers may consider a number of additional factors when choosing measurement instruments. 
These include but are not limited to instrument or testing cost, availability for public use, ease of use (scale, 
number of items), patient and/or resource burden, and method of administration (telephone, mail, in person). In-
clusion of a conceptual framework to guide the researcher during selection of measures is imperative.  

In summary, thoughtful selection of outcome measures and instrumentation that can effectively bring to light 
meaningful change from nurse-led interventions will benefit patients with CVD. 
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