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THE PREDICTION OF FUNCTIONAL CAPACITY IN ACTIVE CORONARY
ARTERY DISEASE PATIENTS USING A PHYSICAL ACTIVITY
QUESTIONNAIRE
(ABSTRACT)

This investigation examined the ability of the Veterans Specific Activity
Questionnaire (VSAQ) to predict the functional capacities (expressed in
metabolic equivalents or METSs) of twenty male participants previously diagnosed
with CAD who were referred for exercise testing as part of their participation in a
community based exercise program. On the morning of their normally scheduled
GXT, each individual completed the VSAQ and was administered a maximal
exercise test on a treadmill utilizing a ramp style protocol based on their self
estimation of functional capacity. Respiratory gas exchange values were
recorded throughout and analyzed via stepwise linear regression with respect to
several experimental and demographic variables such as age, BMI, percent body
fat and time since entering a cardiac maintenance exercise program. The only
variable to contribute significantly to the prediction of FC with regard to exercise
capacity as measured by respiratory gas analysis was the VSAQ. The VSAQ
explained 22.% of the variance in actual performance and this variable only
showed a modest association with the criterion measure (r = 0.47 SEE 2.25, p
<0.05). A similar finding was noted when this criterion of exercise performance
was estimated from treadmill speed and grade equations. In this case, the VSAQ
accounted for 34% of the variance in exercise performance, i.e., r = 0.58 (SEE
2.16, p <0.05). The final regression equation by which the VSAQ might be used
to predict exercise capacity by the gas exchange criterion was: METs = 4.21 +
0.50(VSAQ). The final regression equation for prediction of MET exercise
capacity by speed/grade at peak exercise was: METs = 4.60 + 0.65(VSAQ).
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Chapter |
Introduction

The assessment of physical activity by questionnaire has been the most
popular and practical method of estimating physical activity patterns in both
healthy and diseased persons for several years. Early systems traced their
genesis to epidemiological research involving the recall of habitual physical
activities over a predetermined period of time in large populations of individuals
(Washburn & Montoye, 1986). While these assessments provided an
immense quantity of data for the investigator to examine, accurate interpretation
for specific populations was often difficult due to an excessive generality in the
focus of the questions and the fact that patient self record keeping could
potentially influence activity patterns.

Coronary artery disease (CAD) is a subgroup often studied by the
epidemiological teams primarily due to the fact that it is the leading cause of
mortality in the United States on an annual basis, with an average of 700,000
deaths each year directly attributable to it's origins (McGinnis & Foege, 1993).
Evidence has accumulated that directly links the incidence of CAD with levels of
physical activity and the resulting disability in those afflicted with the disease
(McGinnis & Foege 1993 ). The NYHA functional classification was developed
in 1939 as a quick, simple reference for physicians to use when attempting to
estimate the maximal physical exercise ability of their patients, also known as
functional capacity, in relation to the degree of symptoms experienced (Cox and
Naylor, 1992).

Functional capacity is a general term most closely associated with
maximal oxygen uptake expressed in metabolic equivalents or METs. Maximal

oxygen uptake is the maximal rate at which oxygen can be taken up, distributed



and used by the body in the performance of exercise that utilizes large muscle
groups (Glassford, Baycroft, Sedgewick & Macnab, 1965; Foster, Jackson,
Pollock, Taylor, Hare, Sennet, Rod, Sarwar, & Schmidt, 1984 ). The most
accepted method for estimating VO2 max is to derive it through prediction
equations relating performance on a treadmill based exercise test to oxygen
uptake (Foster, et al.,1984). It is often used as an indicator of the progression of
CAD in those diagnosed with the disease.

Graded exercise testing has been used as a diagnostic procedure for the
prediction of functional capacity (FC) in both healthy individuals and patients
diagnosed with coronary artery disease (CAD) for several years (Foster, Hare,
Taylor, Goldstein, Anholm & Pollock, 1984; Sullivan & McKirnan, 1982;
Jackson, Blair, Mahar, Wier, Ross & Stuteville, 1990). Serial exercise testing is
preferred by many physicians as the method of choice for tracking and
documenting the progression of CAD in their patients on a semiannual or
annual basis. While measurement of maximal oxygen uptake is the most
accurate method of assessing functional capacity, tables, nomograms and
formulae are often used as substitutes in the absence of metabolic
measurement equipment. Advances in medical technology have introduced
specialized GXT's such as thallium and dobutamine which have greatly
enhanced the value and accuracy of such testing in the analysis of CAD.

While beneficial and in many instances lifesaving, these advances have
undoubtedly contributed to the dramatic rise of health care costs and the
questions regarding the necessity of serial exercise testing by financial
providers such as the federal government. The recent focus on health care
reform has highlighted this issue and emphasized the fact that GXT's are quite
cumbersome as they require significant staffing, facility and personnel

commitments by the sponsoring institution.



These factors have led to the renewed interest in the development of
specific activity questionnaires that can accurately predict functional capacity in
individuals diagnosed with CAD. The most recent of these is a study which
entailed the creation of a Veterans Specific Activity Questionnaire (VSAQ) that
contains activities listed according to sequential MET values (Myers, Do,
Herbenrt, Ribisl & Froelicher, 1994). While the study was found to be more
accurate than it's predecessors, several shortcomings may preclude it's usage
among larger groups, the first of which is the comparison versus prediction
equations for maximal oxygen uptake. Further research is clearly needed to
assess the VSAQ's usefulness as an indicator of functional aerobic capacity in
diseased individuals. This information would be invaluable in determining if the
VSAQ may eventually be able to be applied across a wider segment of the CAD
population.

Statement of The Problem

The current literature contains various methods of predicting functional
capacity in those individuals diagnosed with CAD. Each system possesses
specific limitations which may preclude their usage throughout a wide range of
capacities. The most recent attempt is a study by Myers, et al (1994) in which a
nomogram is utilized to predict maximal oxygen uptake (in METs) based on the
subject’s questionnaire estimation of their highest level of activity in the
absence of angina, fatigue or shortness of breath. It then examines the value
predicted by the VSAQ versus a MET value estimated on the subject’s speed
and grade at the maximal stage of their GXT. The subjects in this study
possessed an average maximal oxygen uptake of 7.1 METs with a correlation of
r= 0.82 noted between VSAQ and predicted METs based on equations of
treadmill speed and grade (Myers, Do, et al., 1994)

Individuals diagnosed with CAD who have high FC’s due to consistent



training or other reasons such as relatively young age also require a means of

accurate estimation of their functional capacity. This study will examine the

predictive ability of the VSAQ in a population of individuals diagnosed with CAD
who possess higher FC's than those used in the Myers (1994) study. It will also
examine the issue of predicting maximal oxygen uptake by involving the
utilization of a metabolic measurement cart.

The purpose of this study is twofold: (1) to examine the predictive ability
of the VSAQ in a population of males diagnosed with CAD who are
asymptomatic at rest and participate regularly in a cardiovascular maintenance
and exercise program; (2) to measure directly the maximal oxygen uptake of
the individuals and compare these results with predicted MET peak values
derived from the VSAQ method.

Research Hypothesis

HO1: The MET peak for physically active CAD patients cannot be
predicted by use of the VSAQ questionnaire.

HO2: The VSAQ does not differ in prediction of the MET peak when
compared with either direct measurement of oxygen uptake or
prediction based on maximal workload.

ignifi

Graded exercise testing (GXT) is a frequently utilized method of
evaluating functional capacity in those individuals with coronary artery disease
and also as a screening test for the diagnosis of CAD in those with suspicious
symptoms. Due to it's financial, time, staffing and facility requirements, however,
it is not necessarily a practical consideration for all patients and situations.
Recent discussions on impending health care reform measures have initiated
the examination of the necessity of serial GXT's in persons with relatively stable

CAD. A need therefore exists for a reliable, simple, quick and accurate indices



of functional aerobic capacity in this population. Various interview and
questionnaire inventories of physical functional ability have been developed to
satisfy this need, e.g., the New York Heart Association functional classification,
the Canadian Cardiovascular Society (CCS), the Goldman Specific Activity
Scale (SAS) and the Duke Activity Status Index (DASI) ( Criteria Committee of
the NYHA, 1964; Goldman, Hashimoto, Cook, & Loscalzo, 1981; Campeau,
1976; Hlatkey, Boineau, Higginbotham, Lee, Mark, Califf, Cobb & Pryor, 1989) .
The most recent is a Veterans Specific Activity Questionnaire (VSAQ)
developed by Myers and co - workers (1994) in a study which involves the use of
a nomogram to predict maximal oxygen uptake (in METs) based on the
subject's questionnaire estimation of their highest level of activity in the
absence of angina, fatigue or shortness of breath (Myers, Do., et al., 1994). It
then examines the value predicted by the VSAQ versus a prediction based
upon the subject's speed and grade at the maximal stage of the GXT (Myers,
Do, et al., 1994). Should the VSAQ be demonstrated to be an accurate
predictor of functional capacity in individuals with relatively high FC's who are
diagnosed with CAD when examined versus measured oxygen uptake,
positive implications would exist for it's usage as a potential replacement of the
serial GXT in certain situations. In addition, the results of this study may spawn
further development and modification of the VSAQ to include a wider reaim of
patients with varying degrees of the disease.
Delimitations
1. Subjects were 20 patients currently enrolled in the Virginia Tech

Cardiac Therapy and Intervention Center morning exercise

program with a status of post myocardial infarction or coronary

artery bypass surgery.

2. Independent variables were age, percent body fat, BMI and time



spent in a cardiac exercise maintenance exercise program.
3. Dependent variables were measured oxygen uptake and

estimated oxygen uptake based on peak treadmill speed and

grade.
imitation
1. Sampling procedures may limit the generalizability of the study.
Basic Assumptions:
1. Subjects correctly assessed their maximum functional capacity in
the VSAQ.
2. Subjects exhibited a maximal performance on the GXT.

3. Subjects accurately reported their RPE.
4. RER, HR, RPE are accurate variables for measuring
maximum performance on a GXT.

Summary

The chronic prevalence of CAD has necessitated the accurate
determination of FC in a wide range of patients for several years. Early
attempts to address this need, e.g., the New York Heart Association functional
classification and the Canadian Cardiovascular Society functional classification
were simple, rapid and somewhat accurate systems often utilized almost
exclusively until quite recently. Further study of these classifications and the
advent of exercise testing as a highly accurate method of determining functional
capacity have revealed shortcomings in their design. In fact, exercise testing
gradually became the preferred method of determining functional capacity in
those with CAD and was used wherever possible.

Concerns over the significant facility and equipment requirements of
exercise testing coupled with the recent emphasis on lowering the costs of

health care services have brought about renewed interest in the questionnaire



as a predictor of FC. The most recent development to examine this issue is the
Veterans Specific Activity Questionnaire developed by Myers and co-workers
(1994) in which activities are listed according to their MET values. While the
results of the study found the VSAQ to be the most accurate non physical
assessment of FC yet developed, several shortcomings existed. The most
significant of these was the absence of respiratory gas exchange analysis as a
basis of comparison for the VSAQ.

This study compared the results of measured maximal oxygen uptake to
those predicted by the VSAQ and estimated by peak exercise workload. It also
examined the predictive ability of the VSAQ in a population of males who were
aysmptomatic at rest , possessed higher functional capacities than those
examined by Myers, et al and who were involved in a community based

exercise program for several years after their diagnosis or event.



Chapter Il
Review of Related Literature

Introduction

The literature pertinent to this investigation is presented in three major
sections. The initial section contains a review of various non physical methods
of predicting functional capacity including questionnaires, interviews and their
generalizability to the physical activity capabilities for general living. The second
section examines the laboratory assessment of functional capacity and it's
clinical applicability for diagnosis and therapeutic evaluations of patients and
healthy individuals. The final section will trace the development of the SAQ line
of research and examine the strengths and weaknesses of previous studies.
Predicti n Non-Physi
Questionnaires

The quest for a quick, reliable and accurate indices of maximal functional
capacity via daily activity assessment has evolved over several years (Myers,
Do, Herbert, Ribisl & Froelicher ,1994; Selzer & Cohn, 1972; Goldman,
Hashimoto, Cook & Loscalzo, 1981; Hlatkey, Boineau, Higginbotham, Lee, Mark,
Califf, Cobb & Pryor, 1989; Sullivan, & McKirnan, 1984). The first attempt was
that developed by the New York Heart Association when it established it's
functional classification which organized patients into one of four categories
according to degree of symptoms (angina, shortness of breath, fatigue,
palpitations) experienced while engaged in “ordinary” and “less than ordinary"
activity (Criteria Committee of the NYHA, 1964). The four functional classes
range from completely asymptomatic regardless of activity (Class I) to
symptomatic at rest and worsening with activity (Class 1V). Physicians commonly
indicated that a certain MET level attained on a GXT is associated with each

NYHA criteria as follows: Class | > 7 METs, Class Il = 5-6 METSs, Class lll = 2-4



METs and Class IV = 1- 2 METs.

This classification system remained in use for a long period, primarily
due to the fact that it was the first of it’s kind to provide physicians with a rapid
method of classifying their patients with CAD. Countless studies have examined
a variety of therapies for virtually every type of cardiac disease based on the
serial assessment of patient’s functional status as measured by the NYHA
criteria (Criteria Committee of the NYHA, 1964). Advances in the field of
medicine since that time have wrought vast changes in the treatment of cardiac
disease so that it bears little resemblance to that which the NYHA classification
was designed to serve.

The classification developed by the Canadian Cardiovascular Society in
1974 is a followup to the NYHA scale, designed to improve the reproducibility of
classification by independent observers and establish a consistent grading
scale for angina pectoris (Circulation, 1976). While structurally similar to it's
predecessor, the CCS system is slightly modified through the usage of
somewhat more precise terminology in the four functional classifications (See
Appendix D). Each class contains uniform references of physical activity
(walking, climbing stairs, walking uphill), environment and emotions which
enable the physician to more accurately estimate the patient’s activity levels.

The next classification that attempted to address this issue was a study
by Goldman, et al (1981) who developed a Specific Activity Scale (SAS) which
classifies patients according to cardiac functional class, noted in metabolic
equivalents or METs. This scale was specifically intended to improve the
reproducibility and validity of the NYHA and CCS systems as they lacked the
systematic testing necessary for clinical evaluation.

The initial development phase consisted of the estimation of metabolic

costs of a variety of occupational, housework, personal care and recreational



activities based on available data (Goldman, et al., 1981). A one month
pretesting phase followed which entailed the identification of particular
questions that referred to activities relevant to the patient population being
studied. Those activities and their corresponding MET values were then
organized into a patient's self administered questionnaire and a separate set of
criteria that defined each of the four functional classifications.

The patient was considered to be able to perform the metabolic
equivalents of a functional class if any activity listed on the questionnaire could
be completed regardless of the emergence of symptoms. However, if none of
the physical activities in a particular MET range on the questionnaire could be
undertaken due to symptoms, fear of symptoms, habits or other limiting factors,
the individual was considered unable to work at that level and the functional
classification reexamined until the proper one was established.

Validity of the SAS as a predictor of functional capacity was examined
against treadmill test performance of the Bruce protocol. While the correlation
(r=0.66) between the METs derived by the SAS and that predicted from the
maximal speed and grade formula was somewhat modest, it was greater than
that of either the NYHA (r=0.51) or CCS (r=0.59) (Goldman, et al., 1981 ) The
improved validity is primarily due to the fact that the SAS asks standardized
questions related to individual activities that the individual can perform and then
compares those responses with the actual ability to exercise (Goldman, et al.,
1981).

This method was a significant departure from the previous classification
systems as it reduced dependence upon accurate physician diagnosis and
increased the patient's perspective on the ability to engage in physical activity.
Virtually all of the subsequent research in the classification of functional capacity

in patients with CAD would utilize a system based on a variation of this format.
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The Duke Activity Status Index (DASI) was created as a brief, self
administered questionnaire designed to improve upon the SAS by predicting
functional capacity in any individual regardless of cardiac status (Hlatkey, et al.,
1989). The Index contains an expanded version of the Goldman scale and
includes such activities as personal care, household tasks, sexual function,
ambulation and a wide variety of recreational interests. It was constructed
primarily by taking into account the relationship of questionnaire items with
maximal oxygen uptake and data from previous studies (Sullivan, et al., 1984,
Goldman, et al., 1981) indicating those activities best representing different
areas of physical movement. Stepwise multiple regression analyses were then
used to determine which activities best correlated with maximal oxygen uptake.

The first phase of the study entailed the administration of the
questionnaire via a structured interview to determine the subject's ability to
engage in a variety of common daily activities followed by a maximal cycle
ergometer GXT. The results indicated that the correlation of the DASI with
maximal oxygen uptake was significantly greater than those of previous
functional classification systems (r=0.80, p<0.0001) (Hlatkey, et al., 1989).

The most recent attempt to enhance the prediction of functional capacity
from a questionnaire is a study by Myers, et al (1994) which centers around the
creation of a questionnaire specific to the veteran population i.e. the Veterans
Specific Activity Questionnaire (VSAQ). This self administered questionnaire
consists of a list of activities compiled in an increasing list according to MET
values from 1 to 13. The MET values listed on the VSAQ were derived from
various sources and are generally similar to those found in the recently
published Compendium of Physical Activities (Ainsworth, Haskell, Leon, Jacobs,
Montoye, Sallis & Paffenbarger, 1993).

The 212 subjects were instructed to determine which activities might

11



typically cause fatigue, angina or shortness of breath and the results obtained
were plotted on a nomogram developed by the authors which was constructed
via the utilization of GXT results of 1,388 apparently healthy subjects and
equations for predicted MET values (Myers, Do, et al., 1994). Maximal oxygen
uptake was estimated from the VSAQ and an individualized ramp style protocol
controlled electronically via a Mortara treadmill software system established.
Maximal functional capacity was determined by estimation based on standard
equation from treadmill speed and grade values at the highest exercise stage.

The mean maximal MET value predicted by the VSAQ was 6.3 + 2.3
METSs while the actual achieved value was 7.1 +_ 3.0 METs (Myers, Do, et al.,
1994). A correlation coefficient of 0.79 (p < 0.001) was noted between these two
" variables and the only other variable which added significantly to the prediction
of FC was age, providing an R = 0.82 (p< 0.001) (Myers, Do, et al., 1994). This
finding is in contrast to prior investigations, which had determined age, body
composition and gender to be key variables in the estimation of FC ( Milesis,
1987, Froelicher, Allen & Lancaster, 1974, Bruce, Kusumi & Hosmer, 1973). The
investigators used this data to develop a regression equation reflecting the
relationship between these three variables : METs = 4.7 + 0.97 (VSAQ) - 0.06
(age) (Myers, Do, et al., 1994). A nomogram utilizing VSAQ and age was then
created to predict FC.
Interviews

The use of interviews improves the accuracy of predicting functional
capacity in both healthy and diseased individuals (Hlatkey, et al.,1989, Goldman
et al.,, 1981). One reason appears to be an improved specificity of questions
regarding the patient's activities. Another is that the interview provides a
structured environment for the individual; encouraging concentration and

thought regarding the questions and minimizing distractions which enable the
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physician to possess a more accurate and thorough indices of the individual's
FC. Some limitations of the interview technique include the time requirements
inherent in the process, the reproducibility of results among two or more
interviewers, and the hesitation of the patient to accurately describe symptoms
experienced while exercising. Another is the fact that a physician may not be
present at all times to administer the SAQ, raising doubts regarding the accuracy
of an interview administered with the same questionnaire by an untrained
observer.

The initial study which examined the viability of the interview technique
as an accurate method of serially assessing cardiac functional status was that by
Goldman and coworkers in 1981. Estimation of FC was accomplished via the
administration of both the SAS and CCS functional classifications prior to the
GXT by two independent interviewers who had no knowledge of the patient's
current functional status. If one of the interviews was not conducted prior to the
GXT, it was given at a later time by an individual blinded to the results of both the
first interview and the GXT. While one of the two interviews was always
conducted by a physician, the identity of the second interviewer varied
somewhat. Approximately 55% of the subjects had their second interview
performed by a medical school librarian who had never interviewed a patient
and had no background on cardiovascular diseases. The remaining 45% had
their interviews conducted by a board certified cardiologist. who had no prior
knowledge of the patient's functional status (Goldman, et al., 1981) All subjects’
NYHA functional classifications were estimated before their GXT by the referring
physician who were cognizant of their cardiac status .

The results of the study indicated that both the SAS and CCS functional
classifications possessed reproducibilities of 73% among the two interviewers

while the NYHA recorded a value of 56% (Goldman, et al., 1981). The
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reproducibilities of the SAS and CCS were not dependent upon the identity of
the interviewer (Goldman,et al., 1981). Interestingly, the reproducibility and
validity rates of both the CCS and SAS classifications did not increase over the
course of the study, possible suggesting that further experience of the
interviewers with the systems was not an important factor in the outcome. A
conclusion reached by the authors was that the greater validity of the SAS scale
in comparison to the NYHA and CCS was primarily due to the fact that the
interviewers asked a predetermined series of questions in regards to the
activities which the patient could perform.

The low reproducibility of the NYHA (56%) clearly indicates that
knowledge of the interviewer in regards to the patient's condition is not as crucial
in the estimation of functional capacity asthe structure of the questionnaire itself.
This is reinforced by the lack of significant difference among the interviewers
who utilized the CCS and SAS classifications and thus the decisive factor
seemed to be the structure of the questionnaire itself.

Goldman and coworkers followed up this concept in a study which
examined the limitations inherent in the serial assessment of functional capacity.
(Goldman, Cook, Mitchell, Flatley, Sherman & Cohn, 1982). All of the patients
were interviewed and classified according to the NYHA and SAS functional
classifications, with the SAS involving the aforementioned questions and the
NYHA being based upon the terms "ordinary" and "less than ordinary" , whose
limitations will be discussed in another section. The patients were divided into
three groups according to the manner of interview technique. Group | consisted
of 58 patients whose NYHA classification was determined in an interview prior to
the GXT by the referring physician. The second blinded interview was conducted
on the day of the test by one of five board certified cardiologists who routinely

supervised GXT's . Estimates of FC using the SAS classification were also
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generated by two observers: the first by a physician and the second by a medical
school librarian with no previous interview or medical training. All estimates
were made without any knowledge of the GXT or the other interview. Group |l
included 71 patients admitted for catheterizations and Group Il included those
scheduled for follow - up interviews after the catheterizations. All interviews in
Groups | and Il were conducted solely by trained physicians.

The results in Group | indicate that the NYHA and SAS gave identical
classifications in 58% of the interviews (Goldman, et al., 1982). In those cases
where the two classifications disagreed, the NYHA was higher in 28% of the
cases and the SAS in 14%. The tendency of the NYHA to be higher may have
been attributable to the cardiologists who were more likely to assign higher
NYHA estimates than the referring general practice physicians. Group Il saw
agreement between the two classifications in 60% of the cases, possibly
indicating that the NYHA was more likely to assign the patient to a lower FC than
the SAS (Goldman, et al., 1982).

Lee, Shammas, Ribeiro, Hartley, Sherwood & Goldman (1988) examined
the SAS in combination with an interview as a method of predicting functional
capacity in those with CAD. This two phase study focused upon the correlation
of the classification and maximal oxygen uptake. The first phase consisted of ten
patients while the second had a total of 26. All patients in both phases were
placed into one of the four SAS classes on the day of the GXT by two
independent interviewers who were not involved in the patient's care and who
were blinded to the results of both the GXT and the other interview. Each of the
first phase's (1984) two interviews were conducted by physicians while those of
the second phase (1986) were administered by individuals with no prior medical
experience. All questions were administered in a structured flow chart manner

which led to the classification of the patient's SAS FC within one minute (Lee, et
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al., 1988).

The results demonstrated that the two interviewers agreed on the
patients SAS functional classification in 29 out of the 36 patients or 81% of the
cases. The rate of agreement among the physicians (90%) was not significantly
different from that of the untrained interviewers (77%) (Lee, et al., 1988 ). A
regression analysis demonstrated a strong correlation of the SAS with maximal
oxygen uptake (r = 0.75 p<0.0001) (Lee, et al., 1988). This led the authors to
conclude that individually reported information on the ability to perform daily
activities via the SAS classification is highly reproducible when the scale is
utilized by both trained and untrained observers who are not familiar with the
patient (Lee, et al., 1988). These findings are similar to those of Goldman, et al
(1981, Goldman, et. al., 1982) in their two previous studies, clearly supporting
the concept that while an interview is a powerful tool for assessing FC, the
specificity of the questionnaire is also a key factor and must be as specific as
possible to ensure accurate estimation of FC.

The next study that examined the effectiveness of the interview based
prediction of functional capacity against the self administered questionnaire was
that of Hlatkey, et al., (1989) who developed the Duke Activity Status Index
(DASI). The initial section of this two phase study consisted of the development
of the self administered questionnaire in a group of subjects undergoing
maximal bicycle exercise tests. Each patient was interviewed immediately after
the GXT by an exercise physiologist who was blinded to the results of the test.
The interview consisted of a structured series of questions designed to assess
the subject's ability to perform a wide range of daily activities. A broad spectrum
of activities which represented various cardiovascular exercises and dimensions
of personal health were selected from previously published studies such as

those by Goldman in the attempt to improve specificity of the questionnaire.
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The second phase entailed the validation of the DASI in independent
sample of fifty subjects . All subjects undergoing maximal cycle ergometer
testing were asked to complete a self administered questionnaire without an
interview and the responses were used to calculate the DASI, the CCS and the
SAS functional classification levels.

The results demonstrated clear improvements in the correlation between
the DASI and maximal oxygen uptake as more activities were included in the
classification. However, the improvements were significantly reduced after 12
activities were included. The highest amount of information was given by the
ability to perform activities easily and no significant improvements in accuracy
were noted upon the inclusion of those activities which were difficult to perform.
(Hlatkey, et al., 1989). The correlation between the DASI and maximal oxygen
uptake was quite high in the initial phase (r = 0.81, p,0.0001) while the CCS and
SAS received significant albeit lower values of r = 0.58, p<0.0001 and r = 0.67,
p<0.0001 respectively (Hlatkey, et al., 1989).

The results of the validation phase demonstrated a lower correlation of
FC measures via the DASI with maximal oxygen uptake ( r = 0.58, p< 0.0001)
than in the developmental sample which utilized an interview (Hlatkey, et al.,
1989). This may be due to the fact that a trained interviewer collected data from
the first group while a self administered questionnaire was given to the second.
The marked difference in the SAS was most likely due to the fact that it was
given as a self administered questionnaire when in reality it is designed as a tool
for an interviewer. These results clearly demonstrate that an interview is still the
most accurate method of assessing FC and that questionnaires must be
designed specifically for use by the patient and contain items that are relevant to

daily patient activities (Hlatkey, et al., 1989, Goldman, et al., 1982).
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One particular area of interest regarding the SAQ is the potential for application
to physical activity capabilities for daily living in the general public. While several
studies have examined the viability of such an approach through general
physical activity and leisure time questionnaires (Folsom, Caspersen, Taylor,
Jacobs, Luepker, Gomez-Marin, Gillum & Blackburn, 1985; Blair, Haskell, Ho,
Paffenbarger, Vranzin, Farquhar & Wood, 1985; Siconolfi, Lasater, Snow &
Carleton, 1984; Montoye & Washburn, 1986), few have examined the potential
of a population specific questionnaire. Some factors to consider when
attempting to generalize the SAQ to activities of daily living are 1: matching the
FC of the individual to the metabolic cost of work, 2: the wording of the SAQ
itself; and 3: environmental considerations.

The SAQ is based upon the concept that certain activities require a
certain amount of energy, (usually expressed in METs) to complete. Several
studies have examined the metabolic cost of various household and vocational
activities for healthy individuals via direct measurement (Bannister & Brown,
1968; Passmore & Durnin, 1955). This data was then published in the form of
tables and often utilized by subsequent investigators in their research (Folsom,
et al., 1985; Blair, et al., 1985; Siconolfi, et al., 1984; Montoye & Washburn,
1986). These tables posses two inherent limitations which may preclude their
usage in both the diseased and healthy populations. First, they are somewhat
old and need reevaluation based on today's improved standards of
measurement. Advances in technology have immensely enhanced the accuracy
of gas analysis and thus present the investigator with the option of assessing the
accuracy of the initial measures. Secondly, individuals who are healthy and
those with CAD of different functional classes differ in the amount of energy

expenditure when performing identical activities (Aronov & Rosykhodzhajeva,
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1992).

These differences were examined in a study by Aronov, et al,. (1992)
who viewed the energy expenditure and energy responses of patients with
different functional classifications of CAD to various daily activities. The seventy
male subjects possessed varying degrees of CAD and were placed into one of
three functional classes based on the results of a symptom limited maximal cycle
ergometer GXT utilizing gas analysis. Functional Class 1 consisted of those with
FC > 7 METs, Functional Class 2 of those with FC 4.0 - 6.9 METs and Functional
Class 3 for those with FC 2.0 - 3.9 METs (Aronov & Rosykhodzhajeva, 1992). All
patients were tested for common daily exercise capacity in ten minute intervals
in the following activities: hand sawing, shoveling, gravel, vacuuming, cleaning
with a sponge, hand drilling and carrying weights in a suitcase on level ground.
Job difficulty was measured by the amount of energy spent for a certain activity
in relation to individual energy expenditure measured directly during exercise.

The results demonstrated a decrease in CV function in patients with
respect to the severity of their FC, with the amount of relative energy demands of
the activities rising progressively as the severity of the FC scale rose. FC1
recorded a demand level of 33-60%, FC2 47 - 81% and FC3 78 - 111%( Aronov,
& Rosykhodzhajeva, 1992). Thus, while patients with varying levels of CAD and
healthy individuals who engage in similar activities may be working at similar
absolute MET levels, their VO2 and oxygen consumption responses in relation to
their individual maximal oxygen uptake may be quite different due to the
unequal levels of energy costs in relation to that measured by the GXT. An SAQ
whose MET levels and functional classes are based upon the responses of
patients with CAD will not be applicable to healthy individuals. One interesting
note is that many of the SAQ's are in fact based upon the MET levels noted in

the aforementioned older studies involving healthy persons, indicating a lack of
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studies such as Aronov's which directly measure the energy expenditure levels
of persons with CAD. Recent investigations such as those which involve the
direct measurement of household and vocational activities (winter activities such
as snow shoveling) in those with CAD are especially helpful in this regard
(Sheldahl, Wilke, Tristani & Kalbfleisch, 1985; Sheldahl, Wilke, Dougherty &
Tristani, 1992; Dougherty, Sheldahl, Wilke, Levandoski, Hoffman & Tristani,
1993).

Another factor which may limit the application of the SAQ's to common
daily activities of healthy persons is the wording of the questionnaires
themselves. Research has indicated that increased specificity of the SAQ with
regards to activities of patients with CAD enhances their accuracy and reliability
(Goldman, et al., 1982, Lee, et al., 1986, Hlatkey, et al., 1989, Cox, et.al., 1992).
This has led to a focus upon household and vocational tasks specific to that
population and a lack of activities which healthy individuals may engage in.

For example, questionnaire such as the DASI tends to avoid the use of isometric
activities such as weight carrying due to the fact that many older CAD patients
may not do those activities or may not be able to accurately estimate the weight
that they can carry. This may prove to be a limitation for those individuals whose
occupation involves frequent carrying and lifting of heavy objects.

The final factor to be examined is that of the environment and the
resulting physiological changes brought about by seasonal fluctuations. Many
occupational and home activities requiring significant amounts of isometric effort
performed in a variety of locations( e.g. construction, yard work). Such activities
will inevitably lead to exposure to temperature and weather extremes during
winter and summer months, altering the demand placed upon the cardiovascular
system.

Cold environments induce vasoconstriction of coronary arteries and thus
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decreased oxygen supply to the myocardium, leading to increased oxygen
uptake at lower levels of activity (Emmett & Hodgson, 1993). Many patients have
reported that angina occurs more frequently and with less exertion in a cold
environment than a warmer one (Brown & Oldridge,1985). A self administered
questionnaire which does not adjust for these differences by including cold
weather activities (such as snow shoveling) or listing activities in both the
summer and winter months may be inaccurate. A patient who cannot perform
winter snow shoveling (about 7 METSs) without the emergence of symptoms and
yet who can engage in all the activities listed in the 7 MET range on the SAQ will
be incorrectly classified.
A m f i i
. This section of the literature review will examine the laboratory
assessment of FC via the GXT, it's clinical applications and generalizability to
general physical activity capabilities of daily living.
nt of Function ity vig the GX
Graded exercise testing is the most accurate and useful method of assessing the
FC of patients diagnosed with CAD. One of the measures obtained from such
tests, maximal oxygen uptake, is generally recognized as the best indicator of
aerobic capacity and cardiorespiratory function (Froelicher, et al., 1993).
Maximal oxygen uptake is defined as the capacity of the cardiovascular and
respiratory systems to take up, transport and give off oxygen to active tissues
and the ability of those tissues to use that oxygen (Glassford, et al., 1965; Foster,
et al., 1984). It represents the integrated product of cardiac output and
arteriovenous oxygen difference and is often expressed in metabolic equivalents
or METs (Jette & Blumchen, 1990). VO, max is reached when the oxygen uptake
has achieved it's maximal limit and remains constant at this plateau due to the

limitations of the circulatory and respiratory systems.
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Several factors should be considered when attempting to optimize
assessment of FC via exercise testing: selection of a mode of testing, e.g.,
treadmill or cycle ergometer, type of protocol, test duration and indirect
estimation versus direct measurement of oxygen uptake. The use of a treadmill
during clinical exercise testing consistently generates higher VO max values in
both healthy and diseased individuals when compared directly to maximal
oxygen uptake values recorded during a cycle ergometer GXT (Buchfuhrer,
Hansen, Robinson, Sue, Wasserman & Whipp, 1983, Guidelines for Graded
Exercise Testing and Prescription, 1994). Various studies comparing upright
cycle ergometer versus treadmill exercise demonstrated VO, max values to be 6
- 25% higher during treadmill work (Froelicher, Myers, Follansbee & Labovitz,
Exercise and the Heart, 3rd edition,1993). Treadmill GXT's frequently involve the
use of protocols containing fixed incremental changes in speed, grade and
stage duration, the Bruce being by far the most common (Foster, Jackson,
Pollock, Taylor, Hare, Sennet, Rod, Sarwar & Schmidy, 1984; Myers, Buchanan,
Smith, Neutel, Bowes, Walsh, & Froelicher, 1991).

Such discrepancies often lead to premature ending of the GXT, causing
inaccurate prediction of VO, max based on treadmill speed and grade and thus
a poor assessment of FC. Buchfuhrer, et al (1983) compared the maximal
oxygen uptake values of normal subjects undergoing treadmill and cycle GXT's
containing various incremental stage changes and found that the highest VO»
max values achieved were those tests utilizing intermediate increments as
opposed to small or large changes in workload.

Recent investigations have examined the potential of individualizing test
rather than using a standard protocol for every subject (Myers, et al., 1993,
Myers, et al., 1991; Panza, Quyumi, Diodati, Callahan & Epstein, 1991). The

central focus was the creation of treadmill GXT protocols which minimized the
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