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Rheumatoid arthritis (RA) is an autoimmune systemic
inflammatory disease of unknown etiology characterized by
chronic, symmetric polyarthritis and erosive synovitis,
which may lead to several degrees of articular destruction,
reduction in function1,2, and increased energy expenditure3.
RA is the most common of the inflammatory arthropathies,
occurring in about 1% of the adult population, more
frequently in the age range from 30 to 50 years, with a
predominance of the female sex (F:M ratio 3:1), with a
universal distribution1,3,4. In Brazil, a diversified regional
distribution is observed, ranging from 0.20 to 1%5,6.

The chronic course of RA leads to prolonged periods of
inactivity. Inactivity or disuse results in reduction in muscle
strength and resistance due to hypotrophy of muscles and

periarticular tissues2,7; additionally, inactivity contributes to
a reduction of aerobic capacity and to general physical
impairment7-12, and some studies have shown this in patients
with RA7,11,13,14. Pain, inflammation, and joint effusion
(stroke) lead to reflex inhibition of muscle contraction15,16.
In addition, fatigue is commonly reported by patients with
RA as a subjective symptom whose severity, therefore, is
not associated with articular dysfunction17.

Energy expenditure is the energy expended and restored,
resulting in continuous human movement. The ability to
perform physical exercise can be assessed by measuring the
amount of energy that the subject is able to expend18. There
are 2 different methods to assess energy expenditure in
human performance: direct assessment of energy involving
heat measurement and indirect calorimetry involving
measurement of oxygen uptake. Usually, to determine the
maximal oxygen uptake during exercise with increasing
workloads an ergometer is used (stationary bicycle or tread-
mill), which allows variation of the workload while a
subject is exercising18.

During walking, oxygen uptake is linear at speeds
between 3.0 and 5.0 km/h; for greater speeds, walking
becomes less efficient, indicating a higher caloric expendi-
ture per unit of distance covered19. In deconditioned indi-
viduals, the oxygen uptake in the transition from rest to
maximal exercise increases roughly 10 to 20 times that in an

Oxygen Uptake During Walking in Patients with
Rheumatoid Arthritis — A Controlled Study
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ABSTRACT. Objective. To analyze the energy expenditure of patients with rheumatoid arthritis (RA) of functional
classes I, II, and III during walking at different speeds on a treadmill.
Methods. Thirty-five consecutive patients selected from the rheumatology outpatient clinic were
studied and compared with a control group consisting of 35 healthy individuals paired for age, sex,
body weight, and body mass index. An incremental test on a treadmill consistent with normal
walking was developed, with metabolic analysis performed at 30 s intervals using a gas analyzer
connected to a computerized system. Heart rate, rate of perceived exertion, visual analog scale of
pain, Ritchie index, the Scale of the Escola Paulista de Medicina for Evaluation of Articular
Movement Range, and the Health Assessment Questionnaire were also used to evaluate functional
capacity.
Results. Patients with RA showed a greater energy expenditure than controls at the following
walking speeds: 3.0 km/h (RA = 229.36 ± 56.47 kcal/h; controls = 197.44 ± 52.59), 4.5 km/h (RA =
266.41 ± 58.94 kcal/h; controls = 231.41 ± 56.14), and 5.0 km/h (RA = 289.11 ± 65.35 kcal/h;
controls = 250.18 ± 56.67). Patients with RA presented higher values for all test measures except
heart rate. The functional class II group differed significantly from the controls, whereas the func-
tional class I group had values close to normal.
Conclusion. Patients with RA had a greater energy expenditure during walking compared to healthy
controls under the same conditions, and patients with functional class II experienced a greater energy
expenditure compared to controls. (J Rheumatol 2004;31:655–62)
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athlete20. Ventilatory, cardiovascular, and musculoskeletal
systems must uniformly interact in order for this to occur18,
with adjustments of alveolar ventilation and alveolar-capil-
lary diffusion, followed by blood oxygen transportation
adjusted by cardiac output and by the arterial oxygen
content, finally leading to oxygen uptake by the muscle,
which depends on capillary-tissue diffusion and the mito-
chondrial oxidative metabolism20-22.

A limiting factor in maximal oxygen uptake is peripheral
muscle involvement, when muscle may present a functional
regression as a response to sedentary condition18,22,23, as
commonly observed in patients with RA, considering the
level of impairment and reduction of their physical
capacity1,2,7,11, accompanied by elevated resting energy
expenditure, accelerated whole-body protein catabolism,
and excess production of the inflammatory cytokines tumor
necrosis factor-α (TNF-α) and interleukin 1ß (IL-1ß). TNF-
α is probably the central mediator of muscle wasting in RA,
but in general, it is thought that excess production of TNF-
α and IL-1ß alters the balance between muscle protein
breakdown and muscle protein synthesis in RA, resulting in
net muscle protein degradation and muscle wasting24.

Since RA is a systemic inflammatory disease with
predominantly articular impairment, our hypothesis was that
RA may contribute to greater oxygen uptake during walking
by affected individuals than by healthy individuals under the
same conditions. We assessed the energy expenditure of
patients with RA using an incremental test on a treadmill to
establish a relationship between oxygen uptake and Borg’s
functional class25 and heart rate.

MATERIALS AND METHODS
This was a transverse study in which we evaluated 35 functional class I, II,
III26 patients with RA diagnosed according to American College of
Rheumatology (ACR) criteria27 consecutively selected at the
Rheumatology Outpatient Clinic of the Universidade Federal de Sao Paulo
(UNIFESP) regardless of sex or race. Patients signed an informed consent
term to participate.

The control group consisted of 35 healthy volunteers who did not prac-
tice regular physical activity (sedentary lifestyle), paired for sex, age, body
weight, height, and body mass index (BMI), according to the inclusion
criteria of the study, who were employees of Sao Paulo Hospital and
UNIFESP or persons accompanying patients at the rheumatology clinic.
This study was approved by the Medical Ethics Committee of UNIFESP.

All cardiorespiratory tests were conducted at the Medical Center of
Sports and Physical Activity (CEMAFE) of UNIFESP, in a laboratory with
room temperature between 19°C and 24°C28 in the presence of a cardiolo-
gist, a physiotherapist, and a technician.

The inclusion criteria were RA classification according to the ACR27,
age range between 18 and 60 years, and hemoglobin values > 10 mg/dl.
Exclusion criteria were presence of respiratory disease, heart impairment
(functional class II or greater), deep venous thrombosis in the lower limbs,
secondary osteoarthritis of hip and/or knee joints, joint prosthesis in hips
and/or knees, being pregnant, or practicing regular physical activity.

Cardiorespiratory testing. Before starting the cardiorespiratory tests,
participants submitted to physical evaluation including functional classifi-
cation26, numerical visual analog scale (VAS) for pain28-30, Ritchie Index31,
the Scale of the Escola Paulista de Medicina for Evaluation of Articular

Movement Range (EPM-ROM)32, and the Health Assessment Question-
naire (HAQ)33,34. The evaluations were always carried out by the same
physiotherapist. Values of hemoglobin (Hb) and erythrocyte sedimentation
rate (ESR) were collected from the medical records of the patients after
they gave their consent.

The participants were previously advised to ingest easily digestible
food 2 h before the tests and to use comfortable and low-heeled walking
shoes. All tests were carried out in the morning under ideal basal condi-
tions, using a gas analyzer connected to a computerized system to measure
the oxygen uptake at rest and during the treadmill exercise (test walking).
Just before the beginning of the tests, weight and height measurements
were performed.

The increasing-load protocol was started after an initial period of 3 min
at rest in the orthostatic position after cardiac and respiratory monitoring.
After this period, continuous walking on the treadmill was started at
increasing speeds of 2.5, 3.0, 3.5, 4.0, 4.5, and 5.0 km/h, with 3 min for
each speed, and then 6.0 km/h for 1 min, all performed on a level basis;
from this stage on, slopes of 5, 10, and 15% were added, with the speed
maintained at 6.0 km/h for 1 min at each stage, with the exercise inter-
rupted at any stage due to exhaustion. The protocol was continued until the
subject reached maximal heart rate (HR max), calculated according to the
formula 220 minus age proposed by Karnoven, et al35, or when any pain
occurred.

Energy expenditure during walking was assessed using indirect respi-
ratory calorimetry18 and a computerized treadmill (Lifestride model 7500)
that functioned as an ergometer. To determine the rate of perceived exertion
(RPE) during the tests the modified Borg scale25 was used. The scale was
explained to participants before they started the test. During the test, imme-
diately before changing the speed of the treadmill, the scale was shown to
the subject on a clipboard and they were asked to define their effort to walk
at that time (last 10 s before the treadmill speed was changed). All subjects
were instructed to point at a number with their hand instead of talking.
Heart rate was monitored with a specific device (Accurex Plus, Polar,
Kempele, Finland) during the tests, with recordings obtained during rest
and at each speed change. Simultaneously, VO2 was determined by direct
measurement36 using a low resistance respiratory valve (Hans Rudolf Inc.,
Kansas City, MO, USA) connected to oxygen and CO2 gas analyzers (O2

analyzer S-3 A/L, CO2 analyzer CD-3 A; Ametek, Houston, TX, USA)
interconnected to Vista Turbofit software, version 3.0 (VacuMed, Ventura,
CA, USA), ensuring calibration of the device before each test. The main
variables analyzed were oxygen consumption as ml/kg/min or metabolic
equivalent (MET, the approximate resting metabolic rate of 3.6 ml
O2/kg/min) and the caloric expenditure in kcal/h37, and the following vari-
ables were determined every 30 s by computerized analysis22,38,39:
pulmonary ventilation (VE-BTPS, l/min), expired O2 fraction (% O2),
oxygen consumption (VO2 ml/kg/min – STPS), carbon dioxide production
(VECO2), and gas exchange ratio18,22. To calculate the MET, the last
oxygen uptake value obtained at each speed was divided by the resting
metabolic rate. The MET is usually expressed in terms of oxygen uptake
per unit of body mass, with 1 MET equal to approximately 3.6 m·kg·min.
Approximately 4.82 kcal/l is liberated when a blend of carbohydrate, lipid,
and protein is burned in 1 l of oxygen, and, assuming the combustion of a
mixed diet, a rounded value of 5.0 kcal/l of oxygen consumed was used as
an appropriate conversion factor for estimating the body’s energy expen-
diture; the last oxygen uptake value (for each treadmill speed) was multi-
plied by 300 (5.0 kcal/l ml·kg·min × 60 s = 300)18.

Statistical analysis. Data were analyzed using the Statistical Package for
the Social Sciences, version 10.01. The Student test was used to verify
sample homogenicity. In addition, the following nonparametric tests were
used: chi-square test to determine if the proportions observed were
different from the expected ones, the Friedman test to observe the behavior
of the same individual in 3 or more situations (VO2, MET, kcal) for
patients and controls, and the Mann-Whitney test to compare results
between patients and controls for speed40, with the level of significance set
at p < 0.05.

The Journal of Rheumatology 2004; 31:4656
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RESULTS
Patient ages ranged from 22 to 60 years (mean ± SD 47.85
± 8.29 yrs), body weight ranged from 45 to 86 kg (62.46 ±
9.25 kg), height from 1.45 to 1.81 m (1.58 ± 0.08 m), and
BMI from 18.8 to 32.77 (24.89 ± 3.42). In the control group,
ages ranged from 29 to 59 years (47.49 ± 7.18 yrs), body
weight from 45 to 80 kg (62.07 ± 8.34 kg), height from 1.45
to 1.70 m (1.56 ± 0.06), and BMI from 19.90 to 32.04 (25.39
± 3.02). Statistical analysis of these results showed no
significant differences between the 2 groups (Table 1).
Females predominated in this study (31 of the 35 patients
were female).

Mean time since the diagnosis of disease was 8 years.
Median ESR was 36, mean Hb 12.73 (SD 1.29), and median
Ritchie Index was 4.0. Regarding functional class, 40% of
patients belonged to functional class I, 51% to class II, and
8.6% to class III. The median value for VAS was 3.0 for the
patients (p < 0.05) and zero for the control group (Table 1).
For the EPM-ROM score, the median was 4.5 for patients
and zero for the control group, being significantly higher for
the patients (Table 1). The HAQ score was significantly
different between patients (median 0.75) and controls
(median 0), as shown in Table 1.

O2 uptake, Borg scale, and heart rate during the cardiores-
piratory test. Oxygen uptake, expressed as ml/kg/min,
presented a statistically significant difference between

patients and controls, being higher for the patients at speeds
ranging from 3.0 to 6.0 km/h. The data obtained along the
stages, including the resting phase, were analyzed statisti-
cally by the Friedman test in each group and the Mann-
Whitney test was used to determine the significance of the
differences between patients and controls. The means and
standard deviations (SD) of these values are shown in
Figure 1.

Oxygen uptake, expressed as MET at these same speeds,
was higher among the patients at speeds between 3.0 and 5.0
km/h (Table 2). Calorie expenditure (kcal/h) was found to be
significantly higher among patients than in the control group
at speeds of 3.0, 4.5, and 5.0 km/h (p < 0.05) when the same
tests were applied (Friedman and Mann-Whitney test), and
is expressed as mean and SD in Figure 2.

Heart rate at the different speeds in the cardiorespiratory
test was higher in the patients at speeds from 2.5 to 6.0 km/h
and with a 5% slope (time 23 min), but did not show signif-
icant differences from values expressed as mean and SD in
any of the 3 phases of the test (Table 2). The RPE on the
Borg scale was clearly higher for the patients along the test
(Figure 3), and did not show significance for speeds of 5.0,
6.0, and 6.0 km/h, with a 15% slope, corresponding to 21,
22, and 25 min. When we compared the energy expenditure
of patients with inflammatory activity in the lower limbs (21
patients) to that of patients without inflammatory activity on
the day of the test (14 patients), the variables Borg scale,
heart rate, O2 (ml/kg/min), O2 (kcal), and MET were found
to be homogeneous between the 2 groups, with a significant
difference occurring only for MET in the group with inflam-
matory activity in the lower limbs, at a speed of 6.0 km/h,
with a 10% treadmill inclination (p = 0.041, Mann-Whitney
test). We noted that the group with inflammatory activity in
the lower limbs presented a significantly higher score on the
Ritchie Index (p < 0.0001), with reduction in movement
amplitude (EPM-ROM; p = 0.017) and in functional
capacity (HAQ; p = 0.013) and score on the VAS (p < 0.058)
to be homogeneous between the 2 groups (Mann-Whitney
test).

Considering the small number of patients in functional
class III, the Mann-Whitney test was applied to detect statis-
tically significant differences only between functional
classes I and II to correlate the variables studied. In this
analysis, no significant differences in O2 consumption,
expressed as ml/kg/min and MET, or in energy expenditure,
expressed as kcal/h, were observed between the 2 classes.

Heart rate was significantly higher in functional class II
patients than in functional class I patients in 5 of the
different phases of the test (Table 3). Analysis of the values
evaluated by Borg scale to verify the rate of perceived exer-
tion did not show a statistically significant difference
between the 2 functional classes. The values of the VAS for
pain, EPM-ROM, and HAQ were significantly higher for
functional class II (p < 0.05) (Table 1), whereas time since

Carvalho, et al: Energy expenditure in RA 657

Table 1. Measurements of central trends for age, weight, VAS for pain,
EPM-ROM, and HAQ for patients and controls (n = 35) and according to
functional class.

Variable Patients Controls

Age, yrs, mean ± SD 47.85 ± 8.29 47.49 ± 7.18
49 (FC I)
46 (FC II)
52 (FC III)

Weight, kg, mean ± SD 62.46 ± 9.25 62.07 ± 8.34
62.65 (FC I)
62 (FC II)
62 (FC III)

VAS, median 3* 0
3 (FC I)

3.5 (FC II)
5 (FC III)

EPM-ROM, median 4.5* 0
2.5 (FC I)*
5.0 (FC II)*
4.5 (FC III)

HAQ, median 0.75* 0
0.5 (FC I)*

0.87 (FC II)*
1.5 (FC III)

* p < 0.05 between patients and controls and between functional class I and
II (Mann-Whitney test). FC: functional class; SD: standard deviation; VAS:
visual analog scale for pain; EPM-ROM: scale of Escola Paulista de
Medicina for evaluation of articular movement range; HAQ: Health
Assessment Questionnaire.
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diagnosis or Ritchie Index did not differ significantly
between classes.

Comparison of O2 uptake (expressed as ml/kg/min, MET,
and kcal/h), Borg scale, and heart rate between functional
class I and II patients and controls. When energy expendi-
ture (kcal/h) was compared between the control group and
functional class I and functional class II patients at the end
of the cardiorespiratory test, no statistically significant
difference was found between classes. Comparison of O2
uptake between functional class I and the control group

revealed no statistically significant difference in
ml/kg/min, MET, or energy expenditure (kcal/h), as shown
in Table 3.

Energy expenditure was higher in functional class II
patients than in the control group, a difference not found
when comparing functional class I with the control group
(Table 3). The results of the Borg scale and heart rate
comparison between functional class I and class II patients
and the control group with the corresponding levels of
significance are shown in Table 3.

The Journal of Rheumatology 2004; 31:4658

Figure 1. Mean oxygen consumption (ml/kg/min) of patients and controls in the cardiorespiratory test, during the rest and speed (S)
phases with or without a slope. T: time. *p < 0.05 comparing patients and controls; Mann-Whitney test.

Table 2. Number of individuals and mean values (SD) of MET and heart rate for patients and controls according to the studied periods (n = 35).

Time Speed Rest 0.0 T6 2.5 T9 3.0 T12 3.5 T15 4.0 T18 4.5 T21 5.0 T22 6.0 T23 6 (5%) T24 6 (10%) T25 6 (15%)

No. of subjects
Patients 35 35 35 33 33 32 31 30 26 19 13
Controls 35 35 35 35 35 35 35 34 34 33 22

MET
Patients 1.08 2.71 3.74* 3.61* 3.83* 4.04* 4.36* 4.8 5.55 6.15 6.66

(0.32) (0.61) (1.39) (0.86) (0.81) (0.76) (0.86) (0.96) (1.23) (1.13) (1.47)
Controls 0.96 2.49 2.98 3.11 3.31 3.54 3.85 4.29 5.14 6.04 6.99

(0.21) (0.56) (0.74) (0.75) (0.76) (0.76) (0.67) (0.65) (0.74) (0.80) (0.93)
Heart rate

Patients 83.51 103.6 107.66 105.91 110.7 114.77 120.63 130.46 142.12 148.74 158.64
(13.64) (18.14) (22.07) (15.88) (15.80) (16.27) (17.31) (18.32) (19.82) (19.55) (21.15)

Controls 84.4 100.97 102.26 103.06 106.11 110.63 114.71 126.8 139.74 153.12 165.36
(12.97) (16.83) (15.18) (14.03) (13.47) (13.51) (14.34) (14.52) (14.91) (14.88) (15.54)

* p < 0.05 between patients and controls (Mann-Whitney test). Time: time of protocol in minutes (T6 = 3 minutes of exercise).
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DISCUSSION
In a study of energy expenditure in patients with rheumatic
diseases, Falconer3 reported that energy demand during
physical activity is increased in patients with these diseases.
In our study, in agreement with Falconer, analysis of our

results of energy expenditure of patients with RA showed
similar changes in the different phases of the cardiorespira-
tory test. We believe that patients who were unable to reach
the final stages of the cardiorespiratory test contributed to
the lack of statistical significance at these stages, mainly

Carvalho, et al: Energy expenditure in RA 659

Figure 2. Mean calorie expenditure (kcal/h) of patients and controls in the cardiorespiratory test, during the rest and speed (S) phases
with or without a slope. T: time. *p < 0.05 comparing patients and controls; Mann-Whitney test.

Figure 3. Mean Borg scale scores (rate of perceived exertion) of patients and controls in the cardiorespiratory test, during the rest and
speed (S) phases with or without a slope. T: time. *p < 0.05 comparing patients and controls; Mann-Whitney test.
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because they were class II and III patients. As shown, a
similar result was obtained for oxygen uptake, for the meta-
bolic unit (MET), and in relation to Borg scale for the rate
of perceived exertion.

Barros Neto41, in a study on patients with atrophy due to
immobilization, provided data showing that the peripheral
musculature may become a limiting factor of oxygen supply
during exercise, considering that mechanisms of adaptation
of the oxygen transport system depend on perfect interaction
between the ventilatory, cardiovascular, and skeletal muscle
systems. Oxygen uptake by the muscle depends on the capil-
lary-tissue diffusion and on the mitochondrial oxidative
metabolism, and oxygen transport by the blood from the
alveolus to the muscle is adjusted by the cardiac output and
by arterial oxygen content21. During physical activity the
need for oxygen supply is increased. The systemic manifes-
tations of RA, with articular impairment and peripheral
muscle involvement, may contribute to limiting activities
such as walking, with greater energy expenditure for the
same activity compared to healthy individuals in the same
conditions. Our study reproduced the usual conditions of

walking32 and detected greater energy expenditure among
individuals with RA, in agreement with the results of
Waters, et al42.

Rall and Roubenoff43 reported that the production of
cytokines is associated with greater energy expenditure in
patients with RA, based on the concept that chronic inflam-
mation may lead to hypermetabolism with a decrease in lean
body mass, and that this does not occur in healthy individ-
uals. Walsmith and Roubenoff24 reported that excess
production of TNF-α and IL-1ß alters the balance between
muscle protein breakdown and muscle protein synthesis in
RA, resulting in net muscle protein degradation and muscle
wasting; and Gibson, et al44, described that steroid therapy
significantly influences the mechanism of skeletal muscle
atrophy in patients with RA. These results favor the idea that
the cause of increased energy expenditure in patients with
RA needs to be further investigated.

Roubenoff, et al45, studying patients with RA compared
with healthy individuals, showed that RA patients presented
a 12% increase in energy expenditure, in agreement with the
results of our study, which showed a 13.92% increase at the

The Journal of Rheumatology 2004; 31:4660

Table 3. Number of patients and median values of VO2, MET, calorie expenditure (kcal/h), heart rate, and Borg scale for patients according to functional class
(FC) and for the control group, in relation to the studied periods (n = 35).

Time Speed Rest 0.0 T6 2.5 T9 3.0 T12 3.5 T15 4.0 T18 4.5 T21 5.0 T22 6.0 T23 6 (5%) T24 6 (10%) T25 6 (15%)

No. of patients
FC I 14 14 14 14 14 14 14 13 13 10 7
FC II 18 18 18 17 17 15 14 13 12 8 6
FC III 3 3 3 2 2 2 2 2 1 1 0
Controls 35 35 35 35 35 35 35 34 34 33 22

VO2, ml/kg/min
FC I 3.40 9.19 11.07 11.63 12.68 14.10 15.19 16.04 18.88 22.81 24.89
FC II 3.90 9.31 12.96* 12.59* 13.39* 14.08 14.48 15 18.19 20.11 21.76
FC III 4.31 9.95 12.74 15.02 15.83 17.27 18.9 21.26 24.63 26.42 —
Controls 3.20 8.86 10.11 10.31 11.14 12.01 13.32 14.43 18.54 22.15 24.28

MET
FC I 0.97 2.63 3.16 3.33 3.65 4.03 4.34 4.58 5.39 6.52 6.63
FC II 1.12 2.66 3.73* 3.6* 3.82* 4.02 4.14 4.29 5.11 5.75* 6.22
FC III 1.23 2.84 3.64 4.29 4.52 4.94 5.37 6.07 7.04 7.55 —
Controls 1.00 2.53 2.89 2.94 3.18 3.43 3.80 4.32 5.30 6.33 6.94

Caloric Expenditure, kcal/h
FC I 67.76 171.42 206.43 219.21 233.40 261.26 282.91 286.74 327.24 422.53 498.02
FC II 75.31 171.57 237.43* 237.32* 240.06 261.88 273.09 293.54 352.18 390.36 442.09
FC III 72.35 221.88 298.63 263.13 278.54 304.48 332.57 376.99 413.88 443.88 —
Controls 61.25 165.18 191.14 201.22 222.00 231.00 255.00 289.60 339.61 397.86 448.49

Heart rate
FC I 81.5 94.5 98.5 98 101.5 107 113.5 123 132 142 154.5*
FC II 82 105.5 111 112 119* 128* 135* 142 150* 156.5 175.5
FC III 69 115 127 106 113 115 123 136.5 160 176 —
Controls 83 99 101 103 103 111 113 124 138 155 169

Borg scale
FC I 0* 0 0.25 0.75 1 1 2 2* 3.5* 4
FC II 0* 0* 0.5 0.5* 1* 2* 2 2 2.5* 2.5
FC III 0 1 2 2 3 3 3.5 2 2 —
Controls 0 0 0 0 0.5 0.5 1 1 1 2

* p < 0.05 between functional class I and the control group, and between functional class II and the control group (Mann-Whitney test). Time: time of protocol
in minutes. T6 = 3 minutes of exercise.
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speed of 3.0 km/h. We measured mean oxygen uptake at
each speed, which was higher in patients with RA compared
to controls at the speed of 4.0 km/h — 11.57 ml/kg/min,
similar to the result found by Waters, et al46. Unfortunately,
the few studies in the literature regarding energy expendi-
ture and RA did not evaluate the usual pace of walking, but
only the VO2 max47.

The heart rate observed in our study is in agreement with
Roubenoff, et al45. No statistically significant difference was
observed between the heart rates of patients and the control
group, probably because VO2 max was not reached. The
linear increase in oxygen uptake and heart rates along the
test was concomitant with the increase in the exertion
perception index (Borg scale). The findings for the strength
perception index were significantly increased in RA patients
during almost the entire cardiorespiratory test, suggesting
that patients with RA are more susceptible to fatigue during
physical activity compatible with walking, in accord with
other data48.

In our study, the homogeneity between the groups with
and without inflammatory activity in the lower limbs for the
physiological variables on the day of the ergospirometric
test suggests that the high oxygen consumption of these
patients was probably related to deconditioning of periph-
eral muscles, since this is a disease with systemic repercus-
sions, and also because patients with pulmonary and/or
cardiac involvement were excluded.

Subdividing the patients in our study into functional
classes, we compared only classes I and II (Mann-Whitney
test) due to the small number of patients in class III. A
significant increase in heart rate was found in functional
class II in 4 of the phases of the cardiorespiratory test and
also for the VAS for pain, EPM-ROM, and HAQ variables
in relation to class I. Although no statistically significant
differences were found regarding energy expenditure
between the 2 functional classes, these data suggest that
class II patients experienced greater pain and lower func-
tional capacity (by EPM-ROM and HAQ) in addition to
greater energy expenditure when performing the same
activity. These results confirm that our patients with func-
tional class II RA are physically more impaired than those of
class I, which were closer to healthy individuals.

Comparing functional classes I and II with the control
group, we found an increased energy expenditure for func-
tional class II patients in relation to the controls (at speeds
3.0 and 3.5 km/h; p < 0.05), presenting nearly significant
results at speeds of 4.0 (p < 0.09) and 4.5 km/h (p < 0.06),
corroborating previous data. When class I and class II
patients were compared to the control group, statistically
significant results for the heart rates and Borg scale vari-
ables were found for class II patients. These results show
that functional class I individuals are similar to decondi-
tioned normal individuals regarding functional capacity and
energy expenditure on walking.

No study was found in the literature correlating energy
expenditure with functional classes in RA. Our patients with
functional class II RA presented a 17.94% increase in
calorie expenditure at the speed of 3.5 km/h, also showing
impairment in the other variables studied. Other studies with
a larger number of patients in each functional class might
contribute to the detection of greater differences, permitting
a larger number of patients to reach the end of the cardiores-
piratory test.

This study presents the following limitations: the small
number of functional class III participants did not permit a
comparison with classes I and II. It was not possible to
perform densitometry to investigate body mass, but only the
BMI was calculated.

We conclude that patients with RA, compared with a
control group homogeneous for age, sex, and body weight,
experienced a greater oxygen uptake during walking, a
lower functional capacity (EPM-ROM, HAQ), and a signif-
icantly higher rate of perceived exertion (Borg scale).
Patients of functional class II showed a greater energy
expenditure and greater impairment of the other variables
analyzed (heart rate and Borg scale) compared to controls.
Functional class I patients with RA did not present alter-
ations in energy expenditure or functional capacity
compared to healthy individuals.
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