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he Effects of 12 Weeks of Resistance Exercise Training on
isease Severity and Autonomic Modulation at Rest and After
cute Leg Resistance Exercise in Women with Fibromyalgia
. Derek Kingsley, PhD, Victor McMillan, MD, Arturo Figueroa, MD, PhD
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ABSTRACT. Kingsley JD, McMillan V, Figueroa A. The
ffects of 12 weeks of resistance exercise training on disease
everity and autonomic modulation at rest and after acute leg
esistance exercise in women with fibromyalgia. Arch Phys

ed Rehabil 2010;91:1551-7.

Objective: To determine the effects of 12 weeks of resis-
ance exercise training (RET) on disease severity and auto-
omic modulation at rest and after acute leg resistance exercise
n women with fibromyalgia (FM) and healthy controls (HCs).

Design: Before-after trial.
Setting: Testing and training occurred in a university

etting.
Participants: Women with FM (n�9; mean age � SD,

2�5y) and HCs (n�15; mean age, 45�5y).
Intervention: Both groups underwent testing before and

fter 12 weeks of whole-body RET consisting of 3 sets of 8 to
2 repetitions on 5 different exercises.
Main Outcome Measures: Disease severity was assessed

sing the number of active tender points, myalgic score, and
he Fibromyalgia Impact Questionnaire (FIQ). Heart rate and
utonomic modulation using power spectral analysis of heart
ate variability (HRV) were measured at rest and 20 minutes
fter 5 sets of leg-press exercise.

Results: There was no group-by-time interaction for any
ariable. Women with FM and HCs had similar increases in
aximal strength (P�.05) after RET. Number of active tender

oints, myalgic score, and FIQ score were decreased (P�.05)
fter RET in women with FM. Heart rate and natural log (Ln)
igh frequency (LnHF) were recovered, whereas Ln low fre-
uency (LnLF) and LnLF/LnHF ratio were increased (P�.05)
0 minutes after acute leg resistance exercise. There were no
ignificant effects of RET on HRV at rest or postexercise.

Conclusions: These findings indicate that cardiovagal mod-
lation of heart rate recovers early after leg resistance exercise
n women with FM and HCs. It is concluded that RET reduces
he severity of FM, but it has no impact on autonomic modu-
ation of heart rate.
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IBROMYALGIA IS AN idiopathic disease characterized
by widespread diffuse full-body pain,1 decreased muscular

trength and endurance,2-4 orthostatic intolerance,5,6 decreased
old tolerance,7,8 and fatigue.3,9 Although the cause of FM is
nknown, data suggest that autonomic dysfunction may ex-
lain some of the symptoms.10-14 Studies that have evaluated
utonomic modulation in women with FM by using HRV have
eported decreased parasympathetic (vagal) tone at rest13 and
n inability to increase sympathetic activity during a physio-
ogic stressor, such as standing6,13 or cold.7,8

Reports investigating autonomic recovery from endurance
xercise15-18 are more widespread than those using an acute
out of resistance exercise.19-21 Heffernan et al19 and Rezk
t al20 both reported decreases in vagal activity after resistance
xercise in young healthy men and women. Conversely, we21

ave reported that acute resistance exercise increased postex-
rcise vagal modulation in women with FM compared with
Cs. However, 1 limitation of that study was that women with
M were closer to stage 1 obesity, whereas HCs were slightly
verweight. To better evaluate the effect of exercise in women
ith FM, group differences in BMI should be minimized.
Studies using RET in women with FM have shown increases

n maximal strength2,4,22-29 and decreases in FM severity, such
s number of active tender points,26,29 myalgic score,26,28 and
M impact.4,26 Furthermore, although some studies reported
o change in HRV after RET in young healthy men and
omen,30,31 Figueroa et al12 showed an increase in overall
RV and parasympathetic tone after 16 weeks of RET in
omen with FM who had autonomic dysfunction before the

ntervention.12 Therefore, the purpose of the present study was
o evaluate the effects of an acute bout of resistance exercise on
utonomic modulation at rest and postexercise and disease

List of Abbreviations

1RM 1-repetition maximum
10-RM 10-repetition maximum
ANOVA analysis of variance
BMI body mass ind
CI confidence interval
ECG electrocardiogram
FIQ Fibromyalgia Impact Questionnaire
FM fibromyalgia
HCs healthy controls
HF high frequency
HRV heart rate variability
Ln natural log
LF low frequency

RET resistance exercise training
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A

everity before and after 12 weeks of RET in women with FM
ompared with HCs. We hypothesized that RET would both
ause greater improvements in autonomic modulation in
omen with FM compared with HCs and decrease disease

everity.

METHODS

articipants
Participants were recruited from the local community

hrough newspaper advertisements. Of the initial 332 women
nterviewed, only 29 premenopausal women aged 35 to 50
ears met the necessary criteria to participate in the study (fig
). Participants were categorized as either having a clinical
iagnosis of FM (n�9) or as an HC (n�20). Inclusion criteria
ncluded a diagnosis of FM by a board-certified rheumatolo-
ist,1 premenopausal, and no history of chronic diseases.
omen were excluded if they had exercised within the past

ear, had smoked within the past 6 months, had a history of
hronic diseases, had BMI less than 25kg/m2 or more than
5kg/m2, were using any form of estrogen/progesterone, or
ere using any medications that altered cardiovascular func-

ion. Medications being used by the women with FM in the
eginning and throughout the study were sleep aids (n�3) or
ainkillers (n�1). None of the HCs were using any medication.
ll participants gave written consent, as approved by the

nstitutional Review Board of Florida State University.

tudy Design
Participants were tested at baseline (before) and after a 12-week

ET period (after) for all variables. There were 6 visits in each

Fig 1. Flow diagram of progres
eriod. Testing at each period occurred over 2 weeks. The initial m

rch Phys Med Rehabil Vol 91, October 2010
isit consisted of orientation, which included signing the informed
onsent, and questionnaires. Number of active tender points, my-
lgic score, and FIQ score were collected on the second and sixth
isits to the Rheumatology Clinic. Participants then underwent
easurements of muscle strength and anthropometrics on both the

hird and fourth visits. The fifth visit consisted of measurements of
utonomic modulation at rest and postexercise. All measurements
t these times were conducted at the same time of day to reduce
ossible diurnal physiologic variations. All participants refrained
rom using any medication 24 hours before any of the testing
rocedures. Participants returned to the laboratory for testing 48
ours after the last exercise session. Participants were asked to
aintain their present habits during the course of the study.

ender Points
The diagnosis of FM was made in all women by a board-

ertified rheumatologist (V.M.) in a blinded manner according
o the guidelines of the American College of Rheumatology1

n 2 separate occasions before participating in the study and
fter RET. Diagnosis was defined as pain in 3 of 4 quadrants of
he body, pain for 3 months, and pain upon pressure on 11 of
8 specific tender points.1 In the present study, all of the
omen were examined for both the number of active tender

oints and total myalgic score. The total myalgic score was
ssessed by assigning each active tender point a sensitivity
core of 0 (no pain) to 3 (withdrawal of the subject from the
xaminer) for each of the 18 tender points, which were totaled
or a possible total myalgic score of 54 units.32 The rheuma-
ologist was blinded to the group assignment of participants but
ot to the intervention. For the 9 women with FM, test-retest
orrelations (r) for the number of active tender points and

articipants through the study.
yalgic score before RET were .99 and .98, respectively.
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ibromyalgia Impact Questionnaire
The FIQ was used to determine the impact of FM on a

eek-to-week basis.33 The FIQ consists of 20 questions that
ssess such items as the ability to perform activities of daily
iving, well-being, and symptoms of FM. The higher the FIQ
core, the greater the impact of the disease. The average
oman with FM scores 50 units, whereas a more severely

mpacted woman with FM has scores of 70 units and higher.34

he FIQ has been shown to be both a reliable and valid
uestionnaire for the impact of FM.33

nthropometry
Body weight was measured on a Secaa balance beam scale to

he nearest 0.1 lb, which subsequently was converted to kilo-
rams for further analysis. Height was measured using a Me-
artb stadiometer to the nearest centimeter. BMI was calculated
s weight (kg)/height (m2).

aximal Strength
Maximal strength tests were performed on MedXc machines

or the chest press, leg press, seated row, leg extension, and leg
url. After a brief warm-up with a light resistance load, par-
icipants were progressed until a resistance load was ascer-
ained that could be moved 1 time through a complete range of
otion. All measurements were recorded within 3 to 5 at-

empts. After a minimum of 72 hours of rest, participants
eturned for verification of the 1RM. The highest resistance
oad attained was defined as the 1RM.

cute Effects of Resistance Exercise on Autonomic
odulation
Participants arrived at the laboratory after a 12-hour fast,

ith no caffeine ingestion for at least 12 hours, and having
bstained from strenuous exercise for 24 hours. After a 20-
inute rest period, autonomic modulation was measured dur-

ng 5 minutes (fig 2) using an ECG. Immediately after exercise
essation, participants returned to the seated position. A pos-
exercise ECG was obtained between minutes 20 and 25. A
etronome was set to regulate the participant’s breathing at 12

reaths/min while obtaining the ECG.
HRV was evaluated in the manner described by the Euro-

ean Task Force on HRV.35 Electrocardiographic signals were
ollected at a rate of 1000Hz using a modified CM5 configu-
ation interfaced with a Biopacd data acquisition system.

inCPRSe software was used to import the ECG and extract
he beat-by-beat R-R interval after visual inspection of noise,
ctopics, and artifacts. Because small sections of beats were
ollected, for a duration of 2 to 5 minutes, Fast Fourier trans-
ormation was used to generate spectral power and time do-
ains. Total power of HRV is used as an index of total

utonomic nervous system activity. Studies suggest that LF
.04–.15Hz) power of HRV is mediated by both sympathetic
nd parasympathetic modulations.35-37 HF (.15–0.4Hz) power
f HRV is indicative of parasympathetic modulation.35 The
ower for each individual frequency is evaluated by examina-

ig 2. Timeline for testing the effects of

cute resistance exercise on autonomic
odulation.
ion of the total area under the curve for that component and
ay be expressed in absolute (milliseconds squared) or nor-
alized units.35

The acute resistance exercise was administered, consisting
f 5 sets of 10-RM on the leg press (MedX). The 10-RM was
erived from the previously determined 1RM using the equa-
ion from Brzycki.38 A 2-minute rest period was given between
ach set. When participants were fatigued, assistance was given
n the last 1 to 3 repetitions so that the required 10 repetitions
ould be completed with proper form. The acute resistance
xercise bout lasted 15 minutes.

esistance Exercise Training
Individual supervised RET was performed twice a week for

2 weeks, with each session separated by at least 48 hours. The
raining protocol was identical for both groups and included 3
ets of chest press, seated row, leg extension, leg press, and leg
url exercises on MedX machines. Initial training intensity was
et at 50% to 60% and progressed to 75% to 85% of the 1RM
or the upper and lower body after 8 weeks, respectively. Rest
eriods (for 90s) were provided between sets and exercises.
hen the participant was able to perform 3 sets of 12 repeti-

ions on 2 consecutive training days, resistance was increased
y 2% to 10%, as recommended by the American College of
ports Medicine.39 Training sessions lasted approximately 30
inutes.

tatistics
Baseline characteristics of the groups were analyzed using

tudent t test. Because a Kolmogorov-Smirnov normality test
etermined that absolute values for total power, LF, and HF
not reported) were not normally distributed, they subsequently
ere transformed to their Ln. A repeated-measures ANOVA
as used to test the effects of group (FM and HCs) and time

before and after RET) on the number of active tender points,
yalgic score, FIQ score, and maximal strength. Another
NOVA was used to determine the effects of group across

ime and condition (rest vs postexercise) on heart rate, LnLF,
nHF, and LnLF/LnHF ratio. If interactions were significant
sing ANOVA, t tests were used for post hoc comparisons.
ignificance was set a priori at P less than .05. Values are
resented as mean � SD and 95% CI. All statistical analyses
ere performed using SPSS.f

RESULTS
Five of the 20 original HCs withdrew from the study before

ET because of family-related issues (n�3) or scheduling
onflicts (n�2). No women with FM withdrew from the study.
dherence to the RET was similar between groups (FM and
Cs, 88% vs 91%; P�.05). There were no group differences in

ge, height, weight, and BMI (table 1) at any time between the
omen with FM and HCs. Participant characteristics did not

hange over time.
Arch Phys Med Rehabil Vol 91, October 2010
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aximal Strength and FM Severity
The number of active tender points, myalgic score, and FIQ

core were significantly (P�.05) higher in women with FM
han in the HCs at all times. In the women with FM, RET
ithout an aerobic exercise component reduced the number of

ctive tender points (P�.05), myalgic score (P�.05), and FIQ
core (P�.05) (table 2). There was no difference (P�.05) in
aximal strength before or after RET between women with
M and HCs (table 3). Maximal strength increased signifi-
antly (P�.05) in response to RET in both groups for the chest
ress (FM and HCs, 32% [95% CI, 21.67–42.71] and 35%
95% CI, 27.60–42.41]), leg press (36.5% [95% CI, 20.67–
2.40] and 27.7% [95% CI, 18.48–37.01]), seated row (23%
95% CI, 15.54–30.41] and 19.79% [95% CI, 15.73–23.86]),
eg extension (39.1% [95% CI, 30.82–48.18] and 39.5% [95%
I, 31.90–46.29]), and leg curl (29.24 [95% CI, 19.83–38.65]
nd 39.7% [95% CI, 32.61–46.79]).

utonomic Modulation
There was no group-by-time-by-condition interaction for

eart rate and HRV before or after RET (table 4). There was a
ignificant (P�.05) effect of the acute leg resistance exercise
n LnLF (FM and HCs: before, .68 [95% CI, .06 to 1.31], .37

Table 1: Participant Characteristics Before and After RET for
Women With FM and HCs

Variable Before After

Disease duration (y)
FM 7�3 NA
HCs NA NA

Age (y)
FM 42�5 NA
HCs 45�5 NA

Height (m)
FM 1.64�.06 NA
HCs 1.67�.07 NA

Weight (kg)
FM 80.8�9.8 81.4�9.6
HCs 77.2�9.7 76.6�9.1

BMI (kg/m2)
FM 30.4�3.4 30.4�3.2
HCs 27.4�2.3 27.2�1.8

OTE. Women with FM (n�9) and HCs (n�15). Values expressed as
ean � SD. Abbreviation: NA, not applicable.

Table 2: FM Severity Before and After RET in Women With FM
and HCs

Variable Before After

Tender points (units)
FM 13�3* 8�4*†

HCs 0 0
Myalgic score (units)

FM 13�3* 8�4*†

HCs 0 0
FIQ (units)

FM 52.0�17.5* 41.6�15.5*†

HCs 7.7�7.5 8.0�7.9

OTE. Women with FM (n�9) and HCs (n�15). Values expressed as
ean � SD.
n
P�.05, significantly different from HCs.
P�.05, significantly different from before RET.

rch Phys Med Rehabil Vol 91, October 2010
95% CI, –.40 to 1.13] and after, .25 [95% CI, .73 to –.24], .27
95% CI, –.37 to .91]) and LnLF/LnHF ratio (FM and HC:
efore, .10 [95% CI, –.01 to .21], .01 [95% CI, –.05 to .07] and
fter, .04 [95% CI, –.07 to .15], .06 [95% CI, –.04 to .16]) both
efore and after RET, such that they were increased above at
est. LnHF was unaffected by the acute leg resistance exercise.

DISCUSSION
The main findings of the present study were that autonomic
odulation was similar at rest and after acute leg resistance

xercise between women with FM and HCs. Furthermore,
here were no differences in autonomic modulation between
omen with FM and HCs before or after RET. Additionally,
2 weeks of whole-body RET decreased disease severity in
omen with FM.
Women with FM had levels of maximal strength similar to

Cs before beginning the intervention and after RET (P�.05).
his result contradicts previous studies3,23,29 that have shown

ower muscular strength in women with FM compared with
Cs before RET. Regardless, in the present study, RET in-

reased maximal strength (P�.05) in both groups of women,
hich agreed with previous data indicating that women with
M had the same ability to develop muscular strength as
Cs.24

Before RET, the number of active tender points and the
yalgic score, although sufficient for the diagnosis of FM,
ere lower than those reported in other studies.2,24,26,29 In

ddition, FIQ scores were lower in the present study compared
ith previous reports in women with FM.2,4,26 In the present

tudy, there were significant decreases in the total number of
ctive tender points, myalgic score, and FIQ score in women
ith FM after RET. After RET, the number of active tender
oints was on average less than the number necessary for
iagnosis (�11). Only 1 of the 9 women with FM would meet
iagnostic criteria for FM based on the number of active
ender points after RET. A recent study by Panton et al26

howed decreases in number of active tender points, myalgic
core, and FIQ score after a 16-week RET program. Taken
ogether, these data show that RET is a useful modality for
he treatment of FM.

Consistent with our previous study, women with FM were

Table 3: Maximal Strength in Women With FM and HCs Before
and After RET

Variable Before After

Chest press (kg)
FM 100�15 131�19
HCs 91�23 120�22

Leg press (kg)
FM 148�26 200�28
HCs 154�26 194�27

Seated row (kg)
FM 106�17 130�23
HCs 102�16 122�20

Leg extension (kg)
FM 108�12 151�24
HCs 111�20 153�20

Leg curl (kg)
FM 89�13 114�12
HCs 83�13 115�12

OTE. Women with FM (n�9) and HCs (n�15). Values expressed as
ean � SD. All values for after RET were significantly different from

efore RET at P�.05.
ot different from HCs for heart rate at rest and parameters of
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RV before RET. Previous studies have shown higher heart
ates and LF/HF ratios in women with FM compared with
ge-matched controls at rest.10,13 Both Cohen et al10 and Furlan
t al13 collected data in the supine position. Similar to our
ecent report,21 data collection in the seated position likely
xplains the discrepancy in HRV at rest between our data and
hose from previous studies.10,13 Moving from a supine posi-
ion to a seated position increases heart rate through vagal
ithdrawal. Although vagal withdrawal may be slight, it may
ave been a sufficient stimulus to eradicate any significant
ifference compared with previous studies.
Although there are multiple reports investigating acute aer-

bic exercise on HRV,40-42 only a few studies19-21,43 have
nvestigated the acute effects of resistance exercise. Our data
ave shown that acute resistance leg exercise did not alter heart
ate, but affected autonomic modulation similarly in women
ith or without FM. We found that an acute bout of leg

esistance exercise increased sympathetic activity (LnLF and
nLF/LnHF ratio) in women with FM and HCs without alter-

ng heart rate. Although women with FM were closer to stage
obesity and HCs were slightly overweight, the groups were

losely matched for BMI in the present study. A previous study
bserved delayed heart rate recovery 20 minutes after acute
ndurance exercise in obese diabetic, but not in nondiabetic,
omen with stage 1 obesity, suggesting unaltered postexercise

utonomic responses in uncomplicated obesity.16 Previous
tudies have shown that heart rate did not recover within 1 hour
fter43 whole-body resistance exercise between 30% and 80%
RM in young adults.20,43 The increased heart rate after high-
nd low-intensity whole-body resistance exercise has been
ttributed to reduced HF power and increased LF/HF ratio,
uggesting sympathetic predominance.20,43,44 Similarly, the
aster heart rate noted after acute resistance exercise compared
ith endurance exercise was attributed to a greater reduction in

ardiovagal activity.19 The reduced parasympathetic modula-
ion of heart rate and concurrent sympathetic predominance
ay influence an increased risk for cardiovascular events after

cute resistance exercise.19 Consistent with the previous stud-
es,19,43 resistance exercise increased sympathovagal balance in
he present study. In contrast to previous studies,19,43 postex-
rcise total power and HF power were restored to pre-exercise

Table 4: Heart Rate and Heart Rate Variability at Rest and

Before

Variable At Rest

Heart rate (beats/min)
FM 81�8
HCs 75�15

Ln total power (ms2)
FM 6.2�0.6
HCs 6.8�0.7

LnLF (ms2)
FM 4.3�0.9
HCs 5.2�0.4

LnHF (ms2)
FM 4.9�0.6
HCs 5.7�1.0

LnLF/LnHF ratio
FM 0.93�0.15
HCs 0.89�0.17

OTE. Women with FM (n�9) and HCs (n�15). Values expressed a
P�.05, significantly different from at rest.
alues in our study. Thus, our data suggest that return of a
ardiovagal activity mediates a full heart rate recovery 20
inutes after acute resistance exercise in premenopausal
omen. An explanation for the discrepancy in postexercise
eart rate and HF power responses may be related to the
xercise protocols (whole-body and leg press) and the age of
articipants in the previous and present studies. Previous stud-
es19,43 have evaluated cardiovascular responses to whole-body
esistance exercise in young people. Recently, Kawano et al45

oted lower blood pressure responses after acute leg resistance
xercise at 80% of 1RM in middle-aged than in young men.
dditionally, the rapid recovery of systolic blood pressure
bserved 30 minutes after resistance exercise was associated
ith a complete return of cardiovagal activity and heart rate.43

herefore, the fast return of postexercise parasympathetic mod-
lation of heart rate would indicate that leg resistance exercise
ay not increase the risk for cardiac events in premenopausal
omen. This finding supports the use of RET in rehabilitation
f women with FM.
Studies investigating the effects of RET on heart rate at rest

nd overall HRV are limited. In the present study, there was no
lteration of heart rate and measures of HRV after RET com-
ared with before RET. Cooke et al31 noted no significant
hanges in absolute or normalized measures of HRV after 8
eeks of RET in healthy young people. Collier et al46 reported
o alteration in HRV after 4 weeks of RET in individuals with
rehypertension. Conversely, we12 have previously shown that
6 weeks of RET significantly increased total power, as well as
he root mean square of successive differences, a measure of
arasympathetic cardiac modulation, in women with FM. Al-
hough not statistically significant, there also was improvement
n LnHF power. However, we12 noted that the improvements in
RV after RET may have been caused by autonomic dysfunc-

ion in women with FM before RET. In the present study, the
imilarity in autonomic modulation at rest and postexercise in
omen with FM and HCs before RET would explain in part the

ack of difference noted in response to RET.
Studies examining acute responses of exercise have com-

ared rest with postexercise recovery but have not addressed
he effects of RET. In the present study, RET had no effect on
ostexercise heart rate and HRV in women with FM and HCs.
n contrast, Figueroa et al40 showed that although 16 weeks of

xercise Before and After RET in Women With FM and HCs

After

texercise At Rest Postexercise

0�9 78�9 79�14
8�19 75�12 76�11

6�0.8 6.6�1.2 6.8�0.9
0�0.9 6.8�0.9 7.0�0.7

0�1.1* 4.9�1.0 5.2�1.0*
5�1.5* 5.2�1.1 5.5�0.7*

1�1.1 5.3�1.0 5.3�0.9
9�1.7 5.7�0.8 5.6�1.0

9�0.15* 0.92�0.19 0.98�0.20*
3�0.16* 0.94�0.15 0.98�0.20*

n � SD.
Poste

Pos

8
7

6.
7.

5.
5.

5.
5.

0.9
0.9
erobic training had no effect on heart rate at rest and measures

Arch Phys Med Rehabil Vol 91, October 2010
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f HRV, training significantly improved postexercise parasym-
athetic modulation of heart rate in middle-aged obese women
ith and without type 2 diabetes. Our results differ from those
f Heffernan et al,19 who noted decreased vagal modulation of
eart rate after acute resistance exercise in moderately active
en. Our findings are consistent with a recent report by
igueroa et al,47 who showed that postexercise cardiac auto-
omic regulation is not affected in resistance-trained individ-
als.

tudy Limitations
It is important to note that the present study had a small

ample size, which may reduce the ability to interpret results.
ecent data suggest that HRV collected in a small sample size
ay not be sensitive enough to detect physiologic alterations

aused by large interindividual variability.48 However, despite
he small sample, the 2 groups were closely matched. In addi-
ion, women with FM were not using drugs that would influ-
nce heart rate or HRV. In the women with FM in the present
tudy, FM may not have had as much impact as in previous
tudies. Although FIQ scores in the present study suggested a
oderate impact on participants, we controlled for many co-
orbid conditions. In addition, there was no control of men-

trual cycle in the present study. All participants were pre-
enopausal and none was using exogenous estrogen. Leicht et

l49 showed that HRV was not affected by different stages of
he menstrual cycle.

CONCLUSIONS
Results of this study have shown that heart rate and cardiac

arasympathetic activity recovery is complete 20 minutes after
single bout of leg resistance exercise in middle-aged pre-
enopausal women with and without FM. These results sug-

est that acute leg resistance exercise may not negatively affect
ardiac electrical activity. Additionally, 12 weeks of whole-
ody RET significantly decreased disease severity in women
ith FM. Furthermore, alterations in heart rate at rest and
ostexercise and HRV are not altered by RET in premeno-
ausal women.
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