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Abstract
Background: Exercise capacity is well known to be an important prognostic factor in patients with cardiovascular disease and among 
healthy persons.

Aim: To determine if there are any differences between the peak exercise response during exercise treadmill testing with the individual-
ized ramp protocol and the modified Bruce protocol in elderly patients.

Materials and methods: The study included 40 patients (both male and female), aged 70 years and older, who had not had a base-
line history of the confirmed coronary artery disease or heart failure diagnoses. All patients underwent exercise treadmill testing using 
modified Bruce protocol and individualized ramp protocol for 2 consecutive days. Peak heart rate, peak systolic and diastolic blood 
pressure, peak pressure-rate double product, exercise duration, and peak metabolic equivalents were recorded in both tests. Perceived 
level of exertion was evaluated using the Borg 10-point scale.

Results: The average duration of exercise was longer for the ramp protocol than for the modified Bruce protocol. When the modified 
Bruce protocol was used, patients achieved a lower workload than they did in using the ramp protocol. The rating of perceived exertion 
using the revised Borg scale (0 to 10) was 5.6±1.4 for the ramp protocol and 8.7±1.4 for the modified Bruce protocol, which indicates 
that the patients found the ramp protocol easier.

Conclusion: In elderly patients the individualized ramp treadmill protocol allows to achieve the optimal test duration with higher 
degrees of workload and greater patient comfort during the test more often than does the modified Bruce protocol.
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INTRODUCTION

Exercise capacity is well known to be an important prog-
nostic factor among patients with cardiovascular disease 
as well as in healthy people.1-3 The direct measurement of 
oxygen use (peak oxygen uptake) as measured during car-
diopulmonary exercise testing provides the most accurate 
noninvasive quantification of maximal aerobic capacity.3 
Metabolic equivalents (METs) achieved during exercise 
testing are a surrogate indicator of exercise performance 
that are calculated from workload and often used as an al-
ternative to cardiopulmonary exercise testing when venti-
latory expired gas analysis is not available.2,4,5 Selection of 
an appropriate protocol for the exercise capacity assessment 
is of crucial importance.4,5 A correctly chosen protocol of 
exercise testing provides for linear relationship between 
exercise volume and consumed oxygen volume, as well as 
between heart rate and consumed oxygen volume. The pro-
tocol should be individually tailored to yield fatigue-limit-
ed exercise duration of 8-12 min.2 Shorter durations may 
produce a nonlinear relationship between consumed oxy-
gen volume and work rate, whereas durations >12 min may 
cause patients to terminate exercise because of muscle fa-
tigue or orthopedic factors.

Exercise capacity in older adults is an important indica-
tor of health status.6 However, increasing frailty and other 
limitations that accompany aging are common barriers to 
exercise stress testing.2,7 Thus, the test modality and pro-
tocol should be carefully selected to optimize performance 
and safety and to ensure meaningful assessment despite 
physical limitations. There are a number of standardized 
protocols used for exercise treadmill testing.2 The recom-
mendations according to which specific protocols should 
be used to assess exercise capacity in older adults are lack-
ing. The Bruce protocol is the most common protocol for 
exercise treadmill testing. It is used in 66% of all the routine 
clinical tests performed.3 However, the Bruce protocol con-
tains large and unequal work increments between stages, 
resulting in a nonlinear relationship between physiologic 
responses and work rate, which is even more pronounced 
among older adults. The modified Bruce protocol is better 
tolerated by patients, but it has the same shortcoming as 
the original protocol meaning the large and unequal work 
increments. The use of these protocols may lead to early ter-
mination of test. However, other types of the protocol, such 
as ramp protocol with small continuous increases in work-
load during exercise testing8-10, are more preferable when 
testing older adults. In addition, the ramp protocol can be 
individualized which may be particularly important when 
testing older adults. The relevant data on the use of indi-
vidualized ramp protocol are lacking, as well as the com-
parison of peak exercise response during exercise treadmill 
testing with individualized ramp protocol and with com-
monly used protocols in older adults. The purpose of this 
study was to compare individualized ramp protocol and 
modified Bruce protocol to determine if there are any dif-

ferences in the peak exercise response in patients aged 70 
years and older.

MATERIALS AND METHODS

The study included 40 patients of both genders, 70 years 
of age or older, who did not have a baseline history of es-
tablished coronary artery disease (CAD), typical angina or 
heart failure. Individuals with the established CAD were 
defined as those with a history of myocardial infarction, 
angiographically documented coronary artery disease, 
coronary angioplasty, coronary artery bypass surgery, or 
an abnormal result on an exercise test that was suggestive 
of coronary artery disease (horizontal or down slopping 
ST-segment depression of ≥1.0 mm). Typical angina, atyp-
ical angina or non-anginal chest pain were identified based 
on the characteristics of chest pain.11 Patients with uncon-
trolled arterial hypertension, atrial fibrillation or flutter, 
hypertrophic and dilated cardiomyopathy, valvular heart 
disease, cerebrovascular disease (history of stroke, transient 
ischemic attacks, or carotid artery surgery), musculoskele-
tal impairment (lower extremity arthritis that significantly 
impaired walking), which were not able physically to safely 
complete a full treadmill exercise, or had contraindications2 
to the exercise test were not included in the study. Patients 
were also not included in the study if their baseline ECG 
at rest exhibited ST-T changes or conduction abnormali-
ties12,13 which did not allow to correctly interpret stress test 
results.

This study was approved by the Ethic Committee of the 
National Medical Research Centre of Cardiology. After the 
written informed consent was obtained, patients underwent 
symptom-limited treadmill testing which included two dif-
ferent protocols: the standardized modified Bruce protocol2 
and the individualized ramp treadmill protocol. The first 
tested protocol was randomly distributed between patients. 
Both stress tests were performed within 2 consecutive days. 
The order of the tests for each patient was randomly deter-
mined by drawing lots. The individualized ramp protocol 
was designed based on age, gender, and weight. The pre-
dicted values of VO2max (ml/min) were calculated using the 
formulas: [50.72 – (0.372×age)]×weight×1.1 for men, and 
[22.78 – (0.17×age)]×(weight + 43)×1.1 for women.14 The 
predicted peak exercise capacity in MET was calculated by 
dividing the received values by (weight×3.5). We assumed 
that tests should last 10 min. The participants started walk-
ing on the treadmill at 1.6 km/h and an incline of 0 per-
cent. The speed and treadmill incline linearly increased 
until their maximum values were achieved. The maximum 
speed was chosen to be 4.0 km/h for men aged 70-79 years, 
and 3.2 km/h for other patients. The maximum treadmill 
incline was chosen from the table based on the maximum 
speed and VO2max.15 The maximum treadmill incline was 
12.5% for men aged 70-79 years, 12% for men aged 80-89 
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years, 10% for women aged 70-79 years, and 7% for women 
aged 80-89 years.

The patients were exercised on InterTrack treadmill 
(Schiller AG, Switzerland). The two exercise tests were per-
formed during the late morning hours. The patients had 
been asked to abstain from food, coffee, and cigarettes for 
at least 3 hours before the study and had been instructed 
to continue their usual medications except beta-block-
ers which had been discontinued at least 48 h before the 
exercise testing. The 12-lead ECG was being monitored 
continuously during exercise. The ST-segment depression 
was assessed visually. The patients were exercised to their 
self-determined maximal capacity or until the physician 
stopped the test after the target heart rate had been achieved 
(that was at least 85% of the age-predicted value). The test 
was also terminated in case of moderately severe chest pain, 
severe arrhythmia, undue rise in blood pressure, or ≥1 mm 
horizontal or down sloping ST depression, measured 80 
ms after the J point. Age-predicted peak exercise heart rate 
was calculated using the formula: 208–(0.7×age).16 Resting 
and peak heart rate and systolic and diastolic blood pres-
sure were recorded. Peak pressure-rate double product was 
calculated for each test. Exercise duration, peak METs, and 
perceived level of exertion were recorded for both tests. 
Exercise capacity (in METs) was estimated on the basis of 
exercise time via a commonly used equation for the Bruce 
protocol and based on American College of Sports Medi-
cine equations for the ramp protocol.3,17 Perceived level of 
exertion was assessed on the revised Borg 10-grade scale.18 

Statistical analysis

Statistical analysis was performed using Statistica 10 (Stat-
Soft). Continuous variables are presented as mean and 
standard deviation, and categorical variables are expressed 
as absolute and relative frequencies (%). The normality of 
the distribution of the variables was confirmed by the Sha-
piro-Wilk’s test. The inter-test comparison of the quanti-
tative variables was performed using the Wilcoxon signed 
rank test. The level of significance in all the tests performed 
was p<0.05.

RESULTS

Baseline characteristics of the study population were as fol-
lows: there were 20 men (50%) of the 40 patients under-
going exercise testing; the mean age of the study sample 
was 75 years. All of the patients had arterial hypertension 
and dyslipidemia, 27% of patients had a history of type 2 
diabetes mellitus, 30% of patients had a family history of 
CAD, and 17% of patients were current smokers. The main 
reasons for a referral to an exercise testing were atypical 
angina (50% of patients), non-anginal chest pain (20% of 
patients) and shortness of breath (30% of patients).

The data for both stress tests are presented in Table 1. 
For the modified Bruce and the ramp protocols, mean rest-
ing heart rate, systolic blood pressure, and diastolic blood 
pressure were equivalent before the commencement of 
each stress test. Mean maximal heart rate, maximal systol-
ic blood pressure, maximal diastolic blood pressure, and 
maximal double product showed no difference between the 
modified Bruce and the ramp protocols. All of the patients 
achieved the target heart rates in both protocols. Mean du-
ration of exercise was longer for the ramp than for the mod-
ified Bruce protocol (9.2±0.7 vs 2.4±0.1 min; p < 0.001). Pa-
tients achieved a lower workload with the modified Bruce 
protocol as compared to the ramp protocol  6.1±0.5 vs 
3.5±0.7 METs; p < 0.001). The rating of perceived exertion 
from the revised Borg scale (0 to 10) was 5.6±1.4 for the 
ramp protocol and 8.7±1.4 for the modified Bruce protocol 
(p < 0.01), indicating that the patients found the ramp pro-
tocol easier. Forty five percent of patients rated the intensity 
of their exercise with the ramp protocol as easy (Borg score 
of 1-4) and 55% as moderate (Borg score of 5-7). Thirteen 
percent of patients rated the intensity of their exercise with 
the modified Bruce protocol as moderate and 87% as hard 
(Borg score of 8-10).

DISCUSSION

Table 1. Stress test results

Characteristic
Modified 

Bruce
n=40

Ramp 
protocol

n=40

p 
value

Heart rate
  Resting heart rate (beats/
min)

75±6 74±8 -

  Maximum heart rate 
(beats/min)

124±3.8 123±5 -

Blood pressure
  Resting SBP (mm Hg) 126±11 125±10 -

  Resting DBP (mm Hg) 76±9 79±8 -

  Maximal SBP (mm Hg) 187±28 186±28 -
  Maximal DBP (mm Hg) 101±7 99±14 -
  Maximal double product 221±4 212±4 -
Exercise duration (min) 2.4±0.1 9.2±0.7 <0.001
MET achieved 3.5±0.7 6.1±0.5 <0.001
Borg rating 8.7±1.4 5.6±1.4 <0.01

Continuous variables shown as median ± standard deviation. P 
value (if <0.05) shown for variance across protocols. 
DBP: diastolic blood pressure; SBP: systolic blood pressure; METs: 
metabolic equivalents.
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Available data in older adults, although limited, suggest 
similar prognostic value of exercise testing in this age 
group to those in younger patients. Among the variables, 
which may be obtained during ECG exercise testing be-
yond ST-segment depression, exercise capacity is the most 
powerful variable that adds to the prognostic utility.19 There 
is a strong inverse and independent association between 
exercise capacity of individuals and major cardiovascular 
and overall mortality risk regardless of documented cardio-
vascular disease.20-25 In male patients aged >70 years, who 
achieved >5.0 METs, the adjusted hazard ratio for mortality 
risk over 8 years of median follow-up was 45% lower com-
pared to those who achieved ≤4 METs.25 Selection of an 
appropriate protocol for the exercise capacity assessment 
is of crucial importance.4,5 It is generally assumed that in 
order to achieve exercise duration of 8 to 12 minutes old-
er adults’ protocols should employ low starting work rates 
and smaller workload increments, than those for younger 
patients.2 The ramp protocol in which the work rate in-
creases in a constant and continuous manner has gained 
popularity in recent years, and it is an alternative approach 
to incremental exercise testing. Both individualized8-10,26,27 
and standard ramp tests28,29 have been used. The former in-
dividualize the rate of increase in intensity based on the pa-
tient, and the latter match work rates to equivalent time pe-
riods as in commonly used protocols but have an increase 
in ramp fashion. It may be supposed that ramp protocols, 
especially individualized, would improve an individual’s 
ability to reach VO2max. It is so because the ramp increas-
es in work rate are performed in a much more continuous 
fashion than step increases in work rate used in traditional 
treadmill protocols.

Our study was aimed at determining peak exercise re-
sponse to a standard step and individualized ramp fashion 
increase in workload during a sub-maximal exercise tread-
mill testing in patients aged ≥70 years, and thus to veri-
fy the hypothesis that the individualized ramp protocol is 
more suitable for older adults. Exercise treadmill testing 
among those patients using the individualized ramp pro-
tocol allowed them in most cases to achieve the predicted 
peak exercise capacity with optimal exercise duration of 8 
to 12 minutes. When using the individualized ramp proto-
col the achieved duration of the exercise was significantly 
lower compared to the modified Bruce protocol. Accord-
ingly, patients experienced greater levels of discomfort with 
the modified Bruce protocol. Thus, the results of our study 
suggest that in patients aged ≥70 years the individualized 
ramp protocol is to some extent more preferable for exer-
cise treadmill testing than the commonly used modified 
Bruce protocol.

Some studies have compared standard protocols and 
ramp protocols among various patient populations.27,29,30 
Myers et al. showed that ramp protocols represented a 
higher correlation between VO2max and the workload as 
compared to step protocols, thus reducing the forecast er-
ror as for the metabolic cost at various individual work-

loads.26 But the results of other studies indicate that the 
peak cardiopulmonary responses as well as the accuracy of 
prediction VO2max are similar in the individualized tread-
mill ramp protocols and step exercise protocols.27 The in-
dividualized ramp protocols are rather often used for exer-
cise treadmill testing in older adults.23-25 However, studies 
concerning direct comparison of such protocols with tra-
ditional treadmill protocols among patients aged ≥70 years 
are almost absent.

CONCLUSION

The individualized ramp treadmill protocol in patients 
aged 70 years and older allows the achievement of optimal 
test duration with higher degrees of workload and greater 
patient comfort during the test as compared to the mod-
ified Bruce protocol, thus suggesting its advantages and 
practicality for the routine clinical stress testing in the rel-
evant age group.
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Абстракт
Введение: Объём нагрузки является хорошо известным важным прогностическим фактором для пациентов с сердечно-со-
судистыми заболеваниями и для здоровых людей.

Цель: Определить, существуют ли различия между реакцией на пиковую нагрузку, во время стресс-теста на беговой дорожке 
и модифицированным протоколом Брюса  для пожилых пациентов.

Материалы и методы: В исследовании приняло участие 40 пациентов (как мужчин, так и женщин) в возрасте от 70 лет и 
старше, у которых не было исходного диагноза ишемической болезни сердца или сердечной недостаточности. Все пациенты 
проходили нагрузочный тест на беговой дорожке с применением модифицированного протокола Брюса и индивидуального 
Ramp-протокола в течение 2 дней подряд. В обоих тестах регистрировались пиковая частота сердечных сокращений, пиковое 
систолическое и диастолическое артериальное давление, пиковый двойной продукт (сердечный ритм х систолическое арте-
риальное давление) (peak pressure-rate double product), продолжительность физической нагрузки и пиковые метаболические 
эквиваленты. Результирующий уровень упражнений оценивался по 10-балльной шкале Борга.

Результаты: Средняя продолжительность тренировки была продолжительнее для Ramp-протокола, чем для модифициро-
ванного протокола Брюса. Когда использовался модифицированный протокол Брюса, пациенты имели меньшую рабочую 
нагрузку, чем при применении Ramp-протокола. Оценка физической нагрузки по модифицированной шкале Борга (от 0 до 
10) составила 5,6 ± 1,4 для Ramp-протокола и 8,7 ± 1,4 для модифицированного протокола Брюса, что свидетельствует о том, 
что пациенты воспринимают Ramp-протокол как более лёгкий.

Выводы: У пожилых пациентов индивидуальный Ramp-протокол на беговой дорожке позволяет достичь оптимальной 
продолжительности теста с более высокими уровнями нагрузки и с большим комфортом для пациента во время теста более 
часто, чем модифицированный протокол Брюса.

Ключевые слова 
Пожилые люди, тестирование с физической нагрузкой на беговой дорожке, индивидуальный Ramp-протокол, модифициро-
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