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psychological damage to patients.1, 2 in addition, epide-
miological studies have shown higher overweight and 
obesity prevalence in this population, when compared 
to the general population, which contributes to worsen-

fibromyalgia syndrome (fMs) has multifactorial eti-
ology characterized by various clinical manifesta-

tions such as chronic and diffuse musculoskeletal pain, 
fatigue and non-restorative sleep with physical and 
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a b s t r a c t
BACKGROUND: Aquatic physical training (APT) has been strongly recommended to improve symptoms in fibromyalgia syndrome (FMS). 
However, its effects on body composition and whether lean body mass (LBM) directly influences the aerobic functional capacity of this popula-
tion are still not clear. 
aiM: to investigate whether apt can help improve body composition and increase the aerobic functional capacity in women with fMs, and 
whether oxygen uptake (Vo2) related to lbM can better quantify the functional capacity of this population.
dEsiGN: randomized controlled trial.
sEttiNG: the federal university of são carlos, são paulo, brazil. 
populatioN: fifty-four women with fMs were randomly assigned to trained group (tG, N.=27) or control group (cG, N.=27).
MEthods: all women underwent cardiopulmonary exercise test (cpEt) to assess oxygen consumption at ventilatory anaerobic threshold 
(Vat) and at peak exercise, and also to assess body composition. the tG was submitted to apt program, held twice a week for 16 weeks. the 
exercise intensity was adapted throughout the sessions in order to keep heart rate and ratings of perceived exertion achieved at Vat.
RESULTS: After APT, body composition was not significantly different between groups (TG and CG). In VAT only TG showed increased VO2 
related to lbM, since in peak cpEt, Vo2 in absolute units, Vo2 related to total body mass (tbM), Vo2 related to lbM and power showed 
significant differences. Significant difference between VO2 related to tbM and Vo2 related to baseline lbM and after 16 weeks of follow-up, 
both in VAT as in peak CPET in both groups. Significant difference between VO2 related to tbM and Vo2 related to lbM at Vat and at peak 
cpEt in both groups at baseline and after 16 weeks of follow-up was observed.
CONCLUSIONS: APT with standardized intensities did not cause significant changes in body composition, but was effective in promoting in-
creased Vo2 at peak cpEt in women with fMs. however, Vo2 related to LBM more accurately reflected changes in aerobic functional capacity 
at Vat level after to apt.
CLINICAL REHABILITATION IMPACT: APT with standardized intensities at VAT level is of great interest, since VAT reflects better aerobic 
functional capacity of patients with fMs than maximum Vo2.
(Cite this article as: andrade cp, Zamunér ar, forti M, frança tf, tamburús Ny, silva E. oxygen uptake and body composition after aquatic physical 
training in women with fibromyalgia: a randomized controlled trial. Eur J Phys Rehabil Med 2017;53:751-8. DOI: 10.23736/S1973-9087.17.04543-9)
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ers and leaflets distributed at strategic points of the city 
(rheumatology, orthopedics and physiotherapy clinics) 
from december 2013 to december 2014. one-hundred 
and twenty women with clinical diagnosis of fMs were 
interviewed, and 54 were eligible and agreed to partici-
pate. all participants should present clinical diagnosis 
of fMs conducted by a rheumatologist physician, ac-
cording to criteria established by the american college 
of rheumatology.1, 20 participants’ age was 30-60 years 
and had low levels of physical activity according to the 
international physical activity Questionnaire.21 Volun-
teers who had systemic uncontrolled diseases (e.g., dia-
betes mellitus, hypertension), musculoskeletal changes 
that could directly interfere in assessments (e.g., joint 
diseases at advanced levels), cardiovascular system ab-
normalities, presence of infections and any other rheu-
matic diseases (e.g. osteoarthritis, connective tissue dis-
ease, rheumatoid arthritis) were excluded.

randomization was performed via numerical se-
quence with 1:1 ratio randomly generated from the fol-
lowing website: http://www.randomization.com. Thus, 
participants included in the study were randomly dis-
tributed into trained group (tG, N.=27) who received 
apt or control group (cG, N.=27) who received guide-
lines for the maintenance of daily activities.

all participants read and signed the free and informed 
consent form prior to participation in the study, which 
was approved by the Ethics research committee of the 
institution (protocol no. 112508) and registered in clin-
icaltrials.gov under no. Ntc01839305.

Outcome measures

the primary outcome was to assess the effects of 
apt on oxygen consumption and body composition 
in women with fMs. the secondary outcome was to 
determine whether Vo2 related to lbM could be bet-
ter predicted in relation to Vo2 related to tbM in this 
population.

Measures

Experiments were performed in 4 steps. In the first 
step, clinical and physiotherapeutic assessment was 
carried out in which the number of active tender points 
and anamnesis was found. in the second step, familiar-
ization with equipment and experimental protocol was 

ing pain sensitivity, quality of life, aerobic functional 
capacity and ability to perform physical activities.3-7 

among treatments available to fMs, nonpharma-
cological options, with emphasis on aerobic exercises 
and hydrotherapy have been strongly recommended for 
promoting improvement of clinical symptoms, aero-
bic functional capacity,4, 8-10 increasing lean body mass 
(lbM) 11 and reducing fat mass.12, 13 fMs patients have 
good tolerance and adherence to training involving low-
intensity physical exercises.14, 15 however, studies in-
volving aquatic aerobic physical training at moderate 
intensities controlled from the borg effort perception 
scale or by the heart rate (hr) reserve method, have 
presented more satisfactory results.8, 10, 12, 16 however, 
there are no reports in the present research literature 
on training involving aerobic physical exercises in the 
aquatic environment based on hr response achieved at 
the ventilatory anaerobic threshold (Vat) in the cardio-
pulmonary exercise test (cpEt).

another important aspect that should be emphasized 
is that the aerobic functional capacity has been com-
monly evaluated based on ventilatory variables ob-
tained both from Vat as from peak cpEt. oxygen up-
take (Vo2) is measured by total body mass (tbM) and 
lbM.17 however, during cpEt, ventilatory responses 
related to Vo2 come almost exclusively from working 
muscles.18, 19 therefore, cicoira et al.18 suggest that 
Vo2 correction would be more suitable if carried out by 
lbM, that is, fat-free body mass in Vo2 quantification.

despite the satisfactory clinical results, the effects of 
aquatic physical training (apt) are still controversial, 
if they are due to muscular adaptations that contribute 
to reduce muscle weakness or to the greater supply of 
oxygen to working muscles.

therefore, it is essential that Vo2 is quantified by 
both tbM and lbM.

thus, given that women with fMs may have a pre-
dominance of fat body mass and low aerobic functional 
capacity, the aim of this study was to test the hypothesis 
that apt can help improve body composition and in-
crease Vo2 related to lbM in women with fMs.

Materials and methods

this study was a randomized controlled clinical trial 
conducted at the federal university of são carlos, são 
paulo, brazil. participants were recruited through post-

                  COPYRIGHT
© 

2017 EDIZIONI MINERVA MEDICA 

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



aQuatic physical traiNiNG iN WoMEN With fibroMyalGia        aNdradE

Vol. 53 - No. 5 EuropEaN JourNal of physical aNd rEhabilitatioN MEdiciNE 753

cpEt consisted of 1 min at rest in the sitting position 
on the cycle ergometer followed by 4 minutes of warm-
up exercises at power intensity of 4 W. then, power was 
increased until physical exhaustion (peak exercise), de-
fined as the time when subjects were unable to maintain 
pedaling at 60 rpm or until the manifestation of a limit-
ing symptom (e.g. pain, dizziness, nausea) or respira-
tory fatigue.25

power increments were determined for each volun-
teer according to formula proposed by Wasserman et 
al.:17

power = {[(height – age) 0.14] – 
[150 + (6 × body mass)]} / 100

during cpEt, electrocardiogram and hr were re-
corded beat to beat in real time through cardioperfect® 
electrocardiograph (Welch allyn cardioperfect Work-
station, skaneateles falls, Ny, usa).

at the end of cpEt, three trained observers identi-
fied VAT through visual graphic method to estimate the 
disproportionate increase of ventilatory and metabolic 
variables during dynamic incremental exercise.26 the 
criterion adopted was the loss of parallelism between 
Vo2 and carbon dioxide production (Vco2).26

Ventilatory and metabolic variables

Vo2 variables (mL/min-1) and Vo2 related to tbM 
were obtained breath to breath throughout cpEt 
through a system that measures expired gases (ultima 
pfX system, Medical Graphics, st. paul, MN, usa) 
calibrated before each test. correction of Vo2 related 
to lbM was obtained from the ratio between Vo2 in 
absolute units and lbM.

APT program

the apt program was conducted in heated pool 
(30±2 °c). the protocol consisted of 32 sessions of 
45 minutes, twice per week (alternate days) for 16 
weeks. sessions were held in groups of 5 women su-
pervised by three physiotherapists. the protocol in-
cluded the following phases: 1) warm-up (10 min): 
stretching the muscles of lower and upper limbs and 
neck; walking exercises and lateral displacement (5 
min); 2) exercise protocol (30 min): aerobic exercis-
es at three hr percentages reached at Vat. level 1: 
lower limb exercises sitting on floats (5 min) at 80% 

performed to reduce anxiety and a cardiovascular as-
sessment maximum effort test was performed. in the 
third step (baseline), body composition and aerobic 
functional capacity were assessed from the submaximal 
cpEt. in the fourth step, after 16 weeks of follow-up 
(post), the experimental protocols in the third step were 
repeated.

all volunteers were evaluated in the morning (be-
tween 7:30 a.m. and 12:00 p.m.). temperature was 
maintained between 22 °c and 24 °c and relative hu-
midity between 40% and 60%. After baseline evalua-
tions, a person not involved in the study and blind to pa-
tients’ data performed the randomization and provided 
researchers with the allocation of groups.

Body composition evaluation 

Quadrupole bioimpedance of biodynamics® model 
310 analyzer (biodynamics corporation, seattle, Wa, 
usa) was used for body composition assessment ac-
cording to the full-body technique (hand-foot) using 
single frequency (50 kHz, 800 μA). Volunteers were 
instructed to remove all metal accessories, empty blad-
der before the test and not to eat or drink anything 4 
hours before evaluation. Volunteers were also instructed 
not to perform any exercise and not to consume alcohol 
48 hours before evaluation.22, 23 four electrodes were 
placed on the dorsal surface of hand, wrist, foot and 
ankle of the right body hemisphere.22, 24 during mea-
surement, volunteers remained in supine position on a 
nonconductive surface. the measurement results were 
presented as: TBM (kg), fat mass percentage (%), fat 
mass (kg), lbM (kg), total body water (l) and basal 
metabolic rate (Kcal). height (cm) was measured using 
stadiometer.

Cardiopulmonary exercise test (CPET)

Volunteers were instructed to perform light meal 2 
hours before cpEt. the cpEt protocol was continuous 
ramp type performed in cycle ergometer with electro-
magnetic braking (Quinton corival 400, seattle, Wa, 
usa) with seat adjusted to allow about 5 to 10 degrees 
of knee flexion. Volunteers were instructed to keep ped-
aling cadence at 60 revolutions per minute (rpm) and 
not to perform isometric contraction of upper limbs dur-
ing the test.
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Results

Participants and baseline characteristics

Figure 1 shows the flowchart of patients throughout 
the study. fifty-four women were eligible and agreed to 
participate. however, three volunteers from tG gave up 
participating of apt and 3 volunteers from cG refused 
to perform reassessments. thus, 24 women from tG 
and 24 women from cG completed all stages and were 
considered for protocol analysis.

No significant differences were observed in either 
protocol analysis nor intention-to-treat analysis for 
variables related to body composition, cardiorespira-
tory and metabolic variables obtained at Vat level 
and peak cpEt between groups (p>0.05). thus, the 

Vat hr; level 2: jumping on a trampoline (polimet®, 
Brazil) (10 min) at 110% VAT HR; level 3: exercises 
in aquatic cycle with resistance adjustment (hidro-
cycle®, Brazil) at 100% VAT HR (10 min). At the end 
of the protocol, resistance exercises of upper limbs 
using floats (5 min). Relaxation (5 min): Volunteers 
used floating devices in order to help them stay in the 
most comfortable position possible. the aerobic exer-
cise progression was adjusted throughout the sessions 
in order to maintain hr and ratings of perceived exer-
tion (rpE) achieved at Vat level.

in all sessions, bp (auscultation), hr (polar® model 
ft1, Electro oy, finland) and rpE (borg cr-10) were 
evaluated during each session.

Statistical analysis

sample size was calculated using the Gpower soft-
ware v. 3.1 based on a pilot study (N.=20). for the anal-
ysis, effect size 0.70 was obtained for Vo2 related to 
tbM. the sample size suggested was 20 participants in 
each group. The significance level was set at 5% with 
power of 80%.

the intention-to-treat analysis was performed using 
the multiple imputation method to impute values for all 
missing data.27 analysis using only patients with com-
plete data was also performed (protocol analysis).

data distribution was evaluated using the shap-
iro-Wilk normality test. for comparisons between 
groups (cG×tG) related to hemodynamic and age 
variables, the student t-test for independent samples 
was used. two-way analysis of variance (aNoVa) 
with repeated measures was used to evaluate the dif-
ference between tG and cG during the 16 weeks of 
follow-up for body composition and cpEt variables. 
When there was significant interaction, analysis of 
the main effects was disregarded and the test for 
multiple comparisons with bonferroni adjustment 
was performed.

to control a possible effect of confounding variables, 
analysis of covariance (aNcoVa) was performed con-
sidering Vo2 related to tbM and Vo2 related to lbM 
as covariates, since they showed significant difference 
between groups at baseline.

analyses were performed using spss software 
v. 20.0. The significance level was set at 5%.

assessed for eligibility
(N.=120)

Excluded (N.=66)
   — Not meeting 
   — inclusion criteria 
   — (N.=42)
   — refused participate    
— (N.=24)

randomized (N.=54)

allocation for intervention
trained group

(N.=27)

allocation for follow-up
control group

(N.=27)

   Withdrawn (N.=3)
     — 1 dropped out
     —  2 unable to attend 

treatment

   Withdrawn (N.=3)
     — 2 health problems
     — 1 personal problems

     —  per-protocol analy-
sis (N.=24)

     —  intention to treat 
(N.=27)

     —  per-protocol analy-
sis (N.=24)

     —  intention to treat 
(N.=27)

Enrollment

analysis

follow-up

allocation

figure 1.—flow chart of the study.

                  COPYRIGHT
© 

2017 EDIZIONI MINERVA MEDICA 

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



aQuatic physical traiNiNG iN WoMEN With fibroMyalGia        aNdradE

Vol. 53 - No. 5 EuropEaN JourNal of physical aNd rEhabilitatioN MEdiciNE 755

results were presented only based on the intention-to-
treat analysis.

the baseline characteristics of the study volunteers 
are shown in table i.

Body composition and variables obtained in CPET

table ii presents the results related to body composi-
tion, cardiorespiratory and metabolic variables obtained 
at Vat level and peak cpEt. Vo2 was presented in abso-
lute units (L/min) units related to TBM (mL/kg-1/min-1) 
and units related to LBM (mL/kgLBM-1/min-1).

There was no significant interaction for variables 
related to body composition. Significant interaction 
between group and treatment for Vo2 related to lbM 
(F(1,27)=2.84, p=0.04) in Vat was observed. the intra-

Table i.—Clinical characteristics of the study population.

Patient characteristics Treatment group
(N.=27)

Control group
(N.=27)

age, years 48±8 47±8
sap, mmhg 121±12 121±11
dap, mmhg 78±6 75±2

HR, bpm 77±9 73±10

Duration of diagnosis, years 9±5 10±5

Medications, N. (%)

Anxiolytics 3 (14%) 2 (7%)

Antidepressants 8 (29%) 12 (44%)

AF 2 (7%) 0 (0%)

AN 17 (62%) 17 (62%)

MR 15 (55%) 16 (59%)

data are presented as mean±sd or count (percentage). 
sap: systolic arterial pressure; dap: diastolic arterial pressure; hr: heart rate; 
AF: anti-inflammatory drugs; AN: analgesic drugs; MR: muscle relaxant drugs.

Table ii.—Body composition, cardiorespiratory and metabolic variables obtained at ventilatory anaerobic threshold and peak 
cardiopulmonary exercise test in the two study groups.

tG cG p value

pre post pre post G t i

body composition
tbM, kg 71.0±10.3 71.2±9.2 75.7±15.4 75.8±6.9 Ns Ns Ns
BMI, kg/m2 28.4±4.1 28.5±4 30.0±5.3 30.0±5.4 Ns Ns Ns
Fat mass percentage, % 35.8±4.9 35.7±4.6 35.8±4.8 36.6±4.8 Ns Ns Ns
fat mass, kg 25.8±6.3 25.8±6.3 27.5±8.6 28.2±9.1 Ns Ns Ns
lbM, kg 44.9±5.3 45.3±4.8 48.1±7.9 47.6±7.2 Ns Ns Ns
total body water, l 32.5±3.3 32.5±3.0 34.6±5.7 34.2±5.3 Ns Ns Ns
basal metabolic rate, kcal 1369±57 1374±147 1428±180 1446±11 Ns Ns Ns

Vat
hr, bpm 105±12 99±8 103±17 105±11 Ns Ns Ns
sap 147±21 145±19 146±27 148±22 Ns Ns Ns
dap 84±11 84±9 84±10 84±11 Ns Ns Ns
rpE-l 3.4±2.4 4.1±3.1 3.3±2.6 4.2±2.5 Ns Ns Ns
rpE-d 3.8±3.0 3.6±2.8 3.3±2.3 3.4±2.8 Ns Ns Ns
Vo2, mL/kg-1/min-1 9.9±2.9 10.8±3.1 9.2±1.9 9.2±2.1 Ns Ns Ns
Vo2, L/min 0.68±0.22 0.76±0.24 0.70±0.22 0.66±0.19 Ns Ns Ns
Vo2, mL/kgLBM-1/min-1 15.4±5.1 16.7±4.8* † 14.4±3.5 14.6±4.7 Ns 0.01 0.04
Workload, W 42±22 52±19 36±29 44±19 Ns Ns Ns

pEaK
hr, bpm 131±17 128±12 126±15 125±10 Ns Ns Ns
sap 165±22 163±22 166±24 165±19 Ns Ns Ns
dap 89±10 89±8 87±8 85±9 Ns Ns Ns
rpE-l 6.4±2.9 6.9±2.5 6.4±2.3 6.6±2.1 Ns Ns Ns
rpE-d 6.5±2.9 6.4±2.6 6.7±2.6 5.7±2.9 Ns Ns Ns
Vo2, mL/kg-1/min-1 15.1±3.8 15.9±3.9* † 12.7±2.3 12.6±2.7 <0.01 Ns 0.03
Vo2, L/min 1.02±0.24 1.10±0.25* † 0.95±0.19 0.93±0.22 0.01 Ns 0.02
Vo2, mL/kgLBM-1/min-1 22.5±4.7 24.3±5.1* † 20.3±3.2 20.3±5.2 <0.01 Ns 0.03
Workload, W 75±26 82±20* † 65±20 63±18 <0.01 Ns 0.03

data are expressed as mean±sd. tG: treatment group; cG: control group; tbM: total body mass; bMi: body Mass index; lbM: lean body mass; Vat: ventilatory 
anaerobic threshold; hr: heart rate; sap: systolic arterial pressure; dap: diastolic arterial pressure; rpE-l: ratings of perceived exertion for fatigue in the lower limbs; 
rpE-d: ratings of perceived exertion for dyspnea; Vo2: oxygen consumption; G: main group effect; t: main treatment effect: pre vs. post; i: interaction between group 
and treatment; NS: not significant. *P<0.05 vs. pre tG; † p<0.05 vs. post cG.
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Significant difference between VO2 related to tbM 
and Vo2 related to lbM at Vat and at peak cpEt in 
both groups at baseline and after 16 weeks of follow-up 
was observed (figure 2).

Discussion

The main findings of this study revealed that women 
submitted to 16 weeks of apt showed no changes in 
body composition. however, they showed increased 
Vo2 related to lbM at Vat and at peak cpEt and in-
creased Vo2 related to tbM, absolute Vo2 and peak 
power of cpEt.

Our findings corroborate the results of previous 
studies, which also found positive effects of apt on 
the aerobic functional capacity during peak cpEt in 
women with fMs.4, 10, 14, 15, 27 it has been reported 
that predominantly aerobic apt associated with the 
advantages brought about by the physical properties 
of water (i.e., drag, thrust) and medium temperature 
effectively contribute to increase aerobic functional 
capacity.4, 10, 28

in addition to the above factors, it could be inferred 
that the standardization of the effort intensity using as 
main reference HR obtained at VAT was efficient to im-
prove aerobic functional capacity of women with fMs. 
this aspect of the present study must be emphasized, 
since most studies that have proposed apt for patients 
with fMs did not standardize physical training nor con-
trolled effort intensity.29, 30

accordingly, standardizing the effort intensity is 
of great interest, since VAT reflects better the aerobic 
functional capacity of patients with fMs than maxi-
mum oxygen consumption, as these patients are often 
not able to perform maximal exercise during cpEt.3 
Moreover, it is noteworthy that low to moderate in-
tensity exercises should be prioritized at the expense 
of high-intensity exercises,30 as low to moderate in-
tensity exercise favors adherence to treatment proto-
col associated with the fact that the improvement of 
the aerobic functional capacity is not associated with 
clinical improvement.3

An interesting finding was the fact that only VO2 
related to LBM showed significant interaction in VAT. 
thus, it could be inferred that it was more suitable to 
quantify adjustments promoted by apt compared to 
absolute Vo2 and Vo2 related to tbM at Vat.

group analysis revealed that tG showed an increase in 
Vo2 related to lbM (p=0.04) at Vat after 16 weeks 
of apt. higher Vo2 related to lbM (p=0.04) in the 
Vat of tG when compared to the control group after 
16 weeks of follow-up was also evidenced. for car-
diorespiratory variables obtained at peak cpEt, sig-
nificant interactions were observed between group 
and treatment for Vo2 in absolute units (F(1,27)=5.05, 
p=0.02), Vo2 related to tbM (F(1,27)=4.96; p=0.03), 
power (F(1,27)=4.53; p=0.03) and Vo2 related to lbM 
(F(1,27)=4.52; p=0.03). With respect to values obtained 
at peak cpEt after 16 weeks of apt, tG showed in-
creased Vo2 related to tbM (p=0.01), Vo2 in abso-
lute units (p=0.02), power (p=0.01) and Vo2 related to 
lbM (p=0.01). furthermore, the results demonstrate 
that tG showed higher Vo2 related to tbM (p<0.01), 
Vo2 in absolute units (p=0.02), power (p<0.01) and 
Vo2 related to lbM (p=0.03) compared to the control 
group after 16 weeks of follow-up. Vo2 related to tbM 
and Vo2 related to lbM at peak cpEt after 16 weeks 
of follow-up showed significant differences between 
groups (p=0.05 and p=0.03, respectively) even after ad-
justing for covariance (table ii).

a b

c d
figure 2.—oxygen consumption (Vo2, mL/kg-1/min-1) related to total 
body mass (tbM) and to lean body mass (lbM), obtained at ventila-
tory anaerobic threshold (Vat) (a) and peak cpEt (peak) (b) of both 
groups (tG and cG) at baseline (pre) and after 16 weeks (post).
*Statistically significant difference between VO2 related to tbM vs. Vo2 
related to LBM (Pre in both groups) (P<0.05); **statistically significant 
difference between Vo2 related to tbM vs. Vo2 related to lbM (post in 
both groups) p<0.05; # statistically significant difference between Pre vs. 
post (intragroup) (p<0.05); § statistically significant difference between 
tG vs. cG (intergroup) (p<0.05).
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Conclusions

it could be concluded that 16 weeks of apt with 
standardized intensities did not cause significant chang-
es in body composition, but was effective in promot-
ing increased Vo2 at peak cpEt in women with fMs. 
however, Vo2 related to LBM more accurately reflect-
ed changes in aerobic functional capacity at Vat level 
in relation to apt.
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although no increase in lbM has been observed, 
this variable plays an important role in Vo2. our results 
suggest that the increase of Vo2 related to lbM, both 
at Vat as at peak effort, can be attributed to peripheral 
adaptations, which may include increased amount of 
oxidative enzymes at muscle level, increased mitochon-
drial capacity and density, increased capillary density, 
increased gas exchange, substrate utilization in muscle 
tissue and muscle strength,31, 32 since peripheral fatigue 
is the main limitation for maximal and submaximal ex-
ercise test in women with fMs.

thus, the correction of Vo2 related to lbM allows 
obtaining more reliable values for the assessment of 
aerobic functional capacity than Vo2 values related 
to tbM, especially with regard to peripheral respons-
es that lead to increased Vo2, which may be useful 
for evaluating the effectiveness of apt programs.

regarding body composition, the results of this 
study corroborate the findings of other authors, who 
found no significant differences for TBM, Body Mass 
index (bMi) and lbM variables in women with fMs 
after 12 and 24 weeks, respectively, of a combined 
training program that included aerobic exercises in 
heated pool, psychological therapy,8 and ground ex-
ercises.12

on the other hand, aparicio et al.6 reported in a pilot 
study with women with fMs that nine weeks of physi-
cal training in heated pool including aerobic exercise of 
moderate intensity were enough to significantly reduce 
body fat percentage and bMi in this population.

the results of this study revealed that the average 
bMi values of women with fMs of both groups were 
above values recommended by the World health 
organization (Who) both at baseline and after 16 
weeks. however, it is well documented in literature 
that women with fMs have higher bMi and body fat 
percentage compared to values reported for healthy 
women.13, 33

Limitations of the study

Despite the interesting findings, more research is 
needed to determine whether longer (over 16 weeks) 
and more frequent programs (more than 2 sessions/
week) and the control of eating habits, are effective to 
promote beneficial changes related to body composition 
in women with fMs.
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