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Abstract Fibromyalgia is associated with physical disa-
bilities in daily activities. Moreover, patients with fibromy-
algia present similar levels of functional capacity and phys-
ical condition than elderly people. The aim of this study
was to analyse the evolution of strength and muscle mass in
women with fibromyalgia along ageing. A total sample of
492 fibromyalgia patients and 279 healthy control women
were included in the study. Participants in each group
were further divided into four age subgroups: subgroup 1:
30-39 years old, subgroup 2: 40-49 years old, subgroup 3:
50-59 years old and subgroup 4: 60-69 years old. Stand-
ardized field-based fitness tests were used to assess muscle
strength (30-s chair stand, handgrip strength and arm curl
tests). Fibromyalgia patients did not show impairment on
muscle mass along ageing, without values of skeletal mus-
cle mass index below 6.76 kg/m* in any group. However,
in all variables of muscle strength, the fibromyalgia group
showed less strength than the healthy group (p < 0.05)
for all age groups. As expected, handgrip strength test
showed differences along ageing only in the fibromyal-
gia group (p < 0.001). Age was inversely associated with
skeletal muscle mass (r = —0.155, p < 0.01) and handgrip
strength (r = —0.230, p < 0.001) in the FM group. Women
with fibromyalgia showed a reduction in muscle strength
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along ageing process, with significantly lower scores than
healthy women for each age group, representing a risk of
dynapenia.
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Introduction

Ageing has been associated with frailty and functional
limitation due to three factors: an irreversible biologi-
cal process, deconditioning due to sedentary lifestyle and
the comorbidity effects [1]. Moreover, maximal voluntary
strength production declines with age and contributes to
physical dependence and mortality [2]. The age-associated
reduction in skeletal muscle mass and strength has been
defined as sarcopenia [3]. The term dynapenia is also used
to further describe the age-related loss of muscle strength
and power [4]. Dynapenia predisposes older adults to an
increased risk of functional limitations and mortality [4].
Subclinical deficits in the structure and function of the
nervous system and/or impairments in the intrinsic force-
generating properties of skeletal muscle are potential ante-
cedents to dynapenia [4].

Fibromyalgia (FM) is associated with physical disabili-
ties in daily activities as walking, lifting and transporta-
tion of objects [5]. Patients with FM have lower levels of
physical activity compared to healthy people [6] and lower
levels of cardiopulmonary condition [8]. Moreover, patients
with FM present similar levels of functional capacity and
physical condition than elderly people [9, 10] and are
prone to falls [11]. Accordingly, it may be that ageing in
patients with FM has more serious consequences on physi-
cal function.
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Obtaining information regarding the decrease in mus-
cle mass and strength in women with FM is important for
a better understanding of the clinical impact of ageing in
FM patients. Therefore, the aim of the present study was to
analyse muscle mass and strength along the ageing process
in women with FM.

Materials and methods
Participants

This cross-sectional study involved a total of 492 FM
versus 279 healthy (control) women living in Andalu-
sia (Spain). FM participants were recruited from different
FM associations via e-mail, letter or telephone. We also
recruited a group of healthy individuals with similar age,
socio-demographic characteristics and demographic area in
order to carry out appropriate comparisons between groups.
All participants gave their written informed consent after
receiving detailed information about the aims and study
procedures. The inclusion criteria for FM participants were
as follows: (1) to be previously diagnosed by a rheumatolo-
gist; (2) to meet the 1990 American College of Rheuma-
tology (ACR) [12] FM criteria: widespread pain for more
than 3 months and pain with at least 4 kg/cm? of pressure
for 11 or more of 18 tender points; and (3) not to have
acute illness and dementia [Mini-Mental State Examina-
tion (MMSE) <10] [13]. Fibromyalgia and healthy partici-
pants were divided into four age subgroups, respectively:
(1) 30-39 years, (2) 40-49 years, (3) 50-59 years and (4)
60-69 years. The study was reviewed and approved by the
ethics committee of the hospital Virgen de las Nieves (Gra-
nada, Spain).

Material and procedures

A group of researchers from the al-Andalusproject, previ-
ously trained in conducting the different test, controlled all
testing sessions.

Anthropometry and body composition assessment

We used a portable eight-polar tactile-electrode impedanci-
ometer (InBody R20, Biospace, Gateshead, UK) to meas-
ure weight (kg) and skeletal muscle mass (kg). The reliabil-
ity of the measuring instruments in women with FM was
measured by the research team group of al-Andalus pro-
ject, showing appropriate values of reliability [14]. Body
mass index (BMI) was calculated as weight (in kilograms)
divided by height squared (in metres). Sarcopenia was
defined as a skeletal muscle mass index (SMMI) (skeletal
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muscle mass divided by height in metres squared) below
6.76 kg/m? [15]

Socio-demographic and clinical characteristics data

Socio-demographic and clinical information was recorded
using a self-report instrument which included date of birth,
marital status, educational status, current occupational sta-
tus, FM Impact Questionnaire (FIQ) total score, tender
points count and algometer score.

Fibromyalgia symptomatology

We used the Spanish version [16] of the FIQ [17] to assess
the FM-related symptoms. It is composed of ten subscales:
physical impairment, overall well-being, work missed and
a seven items (subscales) of a visual analogue scale (VAS)
marked in 1-cm increments on which the patient rates the
work difficulty, pain, fatigue, morning tiredness, stiffness,
anxiety and depression. The FIQ score ranges from 0 to
100. A higher value indicates a higher impact of the disor-
der [18].

Physical fitness assessment

The reliability of the measuring instruments in women with
FM was conducted by the research team group of al-Anda-
lus project, showing appropriate values of reliability [19]

Lower body muscular strength The “30-s chair stand
test” involves counting the number of times within 30 s
that an individual can rise to a full stand from a seated
position with back straight and feet flat on the floor, with-
out pushing off with the arms. The arms were crossed at
the chest level. The participant executed one trial after
familiarization [20].

Upper body muscular strength Handgrip strength was
assessed using a hand dynamometer with adjustable grip
(TKK 5101 Grip D; Takey, Tokio, Japan). Optimal grip span
was calculated using the formula suggested by Ruiz et al.
[21]: y = x/5 41.5; being “x” the hand size, and “y” the grip
length. Each participant performed two attempts with each
hand, with the arm fully extended, forming an angle of 30°
with respect to the trunk. The maximum score in kilograms
for each hand was recorded, and the mean score of both
hands was used in the analyses. Participants also performed
the “Arm Curl test”, which measures the maximum number
of flex extensions that participants are able to run during
30 s, sitting on a bench and holding a dumbbell 2.3 kg [20].
The test was performed once with each arm. The mean of
both arms was used in the analysis.
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Table 1 Demographic and clinical characteristics of the study sample by groups
FM group (n = 492) Healthy group (n = 279) P value
n Mean (SD) n Mean (SD)
Age (years)
30-39 34 36.88 (2.17) 34 35.76 (2.53) 0.055
40-49 152 45.57 (2.49) 97 46.11 (2.67) 0.107
50-59 218 54.57 (2.59) 104 54.51 (2.77) 0.841
60-69 88 63.37 (2.31) 44 63.43 (2.25) 0.894
Total 492 52.14 (7.80) 279 50.71 (8.51) 0.018
n (%) n (%)
Marital status
Married 372 (75.6) 204 (73.4) 0.294
Single 43 (8.7) 34 (12.2)
Separated 15 (3.0) 13 4.7)
Divorced 37 (7.5) 17 (6.1)
Widow 25(5.1) 10 (3.6)
Educational status
No studies 53 (10.8) 19 (6.8) 0.006
Primary school 232 (47.2) 105 (37.6)
Professional training 77 (15.7) 49 (17.6)
Secondary school 61 (12.4) 45 (16.1)
University medium degree 43 (8.7) 33 (11.8)
University higher degree 26 (5.3) 28 (10.0)
Current occupational status
Working 120 (24.4) 118 (42.3) <0.001
Unemployed 88 (17.9) 45 (16.1)
Sick leave 39(7.9) 2(0.7)
Retired/pensioner 91 (18.5) 28 (10.1)
Housewife 149 (30.3) 83 (29.7)
Student 5(1.0) 3(1.1)
Mean (SD) Mean (SD)
FIQ total score 65.96(14.96) NA
Tender points count 16.76 (1.92) 2.86 (2.94) <0.001
Algometer score 42.87(13.42) 109.45 (22.39) <0.001

SD standard deviation, FIQ fibromyalgia impact questionnaire, NA not applicable

Algometer score and tender points count We assessed the
18 tender points (TP) count according to the American Col-
lege of Rheumatology [12] criteria for classification of FM.
A standard pressure algometer (EFFEGI, FPK 20, Italy) was
used. The pain threshold at each TP was determined by apply-
ing increasing pressure with the algometer perpendicular to
the tissue, at a rate of ~1kg/s. Patients were asked to say
“stop”” when pressure became painful. The mean of two meas-
urements at each TP was used for the analysis. TP scored as
positive when the patient noted pain at pressure of 4 kg/cm?
or less. The total of such positive TP was recorded as the indi-
vidual’s TP count. An algometer score was calculated as the
sum of the pain—pressure values obtained for each TP.

Statistical analysis

The normality of data was studied (i.e. skewness and kur-
tosis tests and histograms for normality), and paramet-
ric or non-parametric statistics were used accordingly.
Socio-demographic variables were analysed using Chi-
squared test and Student’s ¢ test. An analysis of the variance
(ANOVA) was executed for intragroup and intergroup anal-
yses, using as co-variables: BMI in physical fitness analy-
sis and height in muscle mass analysis. Post hoc analyses
comparisons were done using Bonferroni or Games-Howell
according to the homogeneity of variance. Pearson corre-
lation was performed between muscle mass and strength
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Table 2 Anthropometric and body composition variables in FM patients and healthy group by age subcategories

Age group n FM group n Healthy group p value intergroup 95 % confidence
mean (SD) mean (SD) interval

Body mass index (kg/m?)
30-39 years 34 26.27 (5.48) 34 25.64 (4.48) 0.601 —1.788/3.064
40-49 years 152 27.77 (5.76) 97 26.58 (4.52) 0.088 —0.177/2.544
50-59 years 217 29.14 (5.48) 103 27.62 (4.05) 0.013 0.327/2.712
60-69 years 88 29.74 (4.30) 44 27.24 (4.10) 0.002 0.943/4.043
Total 491 28.62 (5.45) 278 26.96 (4.31) <0.001 0.920/2.414
p valour intragroup 0.001 0.086
Post hoc 1 <3*%/1 <4%%2 < 4%

Muscle mass (kg)
30-39 years 34 23.95 (4.57) 33 25.76 (5.41) 0.173 —3.174/0.582
4049 years 152 23.69 (3.98) 95 25.28 (5.84) 0.745 —0.731/1.020
50-59 years 215 22.75 (3.60) 100 24.20 (4.56) 0.133 —1.151/0.153
60-69 years 81 21.79 (3.00) 44 24.70 (5.50) 0.632 —1.379/0.841
Total 482 22.97 (3.76) 272 24.85 (5.29) 0.198 —0.722/0.160
p valour intragroup 0.102 0.277

SMMI (kg/m?)
30-39 years 34 8.91 (1.35) 34 9.44 (1.44) 0.131 —1.208/0.161
40-49 years 152 9.27 (1.21) 95 9.41 (1.45) 0.402 —0.482/0.194
50-59 years 215 9.11 (1.05) 100 9.40 (1.18) 0.027 —0.556/—0.034
60-69 years 81 9.05 (0.85) 44 9.45 (1.42) 0.049 —0.810/—0.002
Total 482 9.13 (1.10) 272 9.42 (1.34) 0.002 —0.462/—0.106
p valour intragroup 0.246 0.997

1. 30-39 years, 2. 40—49 years, 3. 50-59 years, 4. 60—69 years

*p <0.05, ** p <0.01, SD standard deviation, SMMI skeletal muscle mass index

variables. All analyses were performed using the Statisti-
cal Package for Social Sciences v.19 (SPSS Inc, Chicago,
USA), and the level of significance was set at p < 0.05.

Results

Socio-demographic and clinical characteristics of the study
sample by groups are presented in Table 1. From all the
socio-demographic variables, educational status and cur-
rent occupational status were different between the FM
and control group (p < 0.01). Regarding clinical variables,
tender points count and algometer score were statistically
different between groups (p < 0.001), found higher values
in tender points and lower values in algometer score in FM
group.

Table 2 shows the anthropometric variables and body
composition by age subgroups in FM and healthy partici-
pants. In the FM group, the BMI was different between the
age subgroups (p = 0.001). Post hoc analysis showed dif-
ferences between subgroups 1 versus 3, 1 versus 4 and 2
versus 4. No differences between the age subgroups were
shown in healthy women (p = 0.086). Skeletal muscle mass
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and SMMI did not differ between the age subgroups either
in patients with FM or in healthy people. The BMI dif-
fered between FM and healthy group in the third and fourth
age subgroups (p = 0.013 and p = 0.002, respectively),
found higher values in FM group. Muscle mass was not
different between FM and healthy group. SMMI differed
between the third and fourth age subgroups (p = 0.027 and
p = 0.049, respectively), found higher values in healthy
group.

Table 3 shows muscle strength in FM and healthy group.
In FM group and healthy group, differences were found
throughout the ageing in the 30-s chair stand test (FM
group, p = 0.007; healthy group, p < 0.001) and in the arm
curl test (FM group, p = 0.015; healthy group, p < 0.001).
In the handgrip strength test, are found significant differ-
ences along ageing, only in FM group (p < 0.001). We
observed significant differences (p < 0.01) in handgrip
strength, arm curl test and 30-s chair stand test, between
FM group and healthy group in all age ranges, finding
lower values in FM group.

Pearson correlation analysis in the group of women with
FM (r = 0.387, p < 0.001) and healthy group (r = 0.786,
p < 0.001) showed significant correlation between skeletal
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Table 3 Muscle strength in FM patients and healthy group by age subcategories

Age group n FM group mean (SD) n Healthy group mean (SD)  p value intergroup 95 % confidence interval

30-s chair stand test (number of repetition)
30-39 years 34 11.41 (3.72) 32 17.66 (3.06) <0.001 —7.999/—4.620
40-49 years 147 10.86 (3.19) 92 15.46(2.92) <0.001 —5.278/—-3.669
50-59 years 203 9.98 (3.25) 95 14.38 (2.61) <0.001 —5.078/—-3.565
60-69 years 85 9.53 (3.39) 40 13.75 (2.63) <0.001 —5.055/—-2.609
Total 469 10.28 (3.34) 259 15.07 (3.00) <0.001 —5.126/—4.144
p valour intragroup 0.007 <0.001
Post hoc 2> 4% 1 >2%%[] > 3%/

1> 4%%%/2 > 4%

Handgrip strength test (kg)
30-39 years 34 24.88(8.28) 32 30.82(7.07) 0.002 —9.928/-2.366
4049 years 147 20.68 (8.01) 92 29.83(7.87) <0.001 —11.299/—-7.095
50-59 years 208 18.72 (6.87) 95 28.79 (7.23) <0.001 —11.899/—-8.461
60-69 years 86 17.83 (6.23) 40  28.92(9.85) <0.001 —14.202/—-8.254
Total 475 19.60 (7.44) 259 29.43 (7.88) <0.001 —11.035/—8.700
p valour intragroup <0.001 0.299
Post hoc 1>2%/1 > 3%*%/

1> 4%5%[2 > 4%

Arm curl test (number of repetition)
30-39 years 34 16.19 (5.73) 32 25.71(4.29) <0.001 —12.140/-7.591
40-49 years 145 14.71 (5.05) 92 2296 (4.13) <0.001 —9.376/—6.892
50-59 years 201 14.05 (4.78) 95 21.34 (4.61) <0.001 —8.563/—-6.226
60-69 years 85 13.29 (4.79) 40  21.02(4.11) <0.001 —9.138/—5.559
Total 465 14.27 (4.98) 259 2241 (4.55) <0.001 —8.852/-7.362
p valour intragroup 0.015 <0.001
Post hoc 1>4* 1> 2%/1 > 3#kk[] > forokos

1. 30-39 years, 2. 40-49 years, 3. 50-59 years, 4. 60—69 years
*p<0.05, ** p <0.01, ¥** p < 0.001, SD standard deviation

muscle mass and handgrip strength. Figure 1 shows the
scatter plot between skeletal muscle mass and handgrip
strength in women with FM and healthy women. Moreo-
ver, age was inversely associated with skeletal muscle mass
(r = —0.155, p < 0.01) and handgrip strength (r = —0.230,
p <0.001) only in the FM group.

Discussion

The main finding of this study is that women with FM
showed a reduction in muscle strength along ageing pro-
cess, with significantly lower scores than healthy women
for each age group. Muscle strength is the single best meas-
ure of age-related muscle change, and it is associated with
physical disability in activities of daily living and func-
tional limitation [22]. Muscle mass and SMMI as sarcope-
nia indicators did not change along ageing in FM patients.
Indeed, muscle mass and SMMI values found in each age
subgroup of FM patients were similar to those obtained in

the healthy group. Considering the normal muscle refer-
ence value, based on SMMI > 6.76 kg/m? [15], it appears
that there is not early risk of sarcopenia in women with FM.

Upper and lower body muscle strength (30-s chair stand
test, handgrip strength and arm curl tests) is lower in FM
patients compared to age-matched healthy peers along age-
ing. This phenomenon concurs with the previous litera-
ture which affirms that muscle strength in FM patients is
similar to healthy older adults [9, 10]. Comparing results of
strength tests (arm curl and 30-s chair stand tests), with nor-
mative values [20], it is important to note that in our study,
FM women obtained similar values (14.3 4 5) to older
healthy women between 75 and 79 years old (14.0 &= 4.2)
in the arm curl test [20]. In addition, 30-39-year-old FM
patients’ subgroup obtained similar values (16.2 £ 5.7) to
the 60-64-year-old reference healthy group (16.1 £ 4.6)
[20] and displayed significantly lower values to the group
of healthy women aged 60-69 years. Regarding the 30-s
chair stand test, the entire group of FM women obtained
a similar result (10.3 £ 3.3) to women aged 85-89 years
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(10.3 % 4.0) [20]. Moreover, 30-39 years subgroup of FM
obtained values (11.4 £ 3.72) similar to healthy women
with 80-84 years old (11.3 + 4.2) [20]. In our study, the
30-39-year-old FM subgroup obtained values significantly
lower to the healthy group between 60 and 69 years old.
In any case, in agreement with previously studies [7, 23],
this finding might be explained by the lower levels of
physical activity in patients with FM in comparison with
healthy control people [6]. However, recently, Ruiz et al.
[24] observed that the proportion of FM women meeting
the physical activity recommendations of 30 min/day of
moderate to vigorous physical activity on 5 or more days/
week was 61 %.

Women with FM showed lower scores of handgrip
strength than healthy women for all age groups. These find-
ings concur with those observed by other authors [25, 26].
Magquet et al. [26] found a reduction of 39 % in handgrip
strength in women with FM compared to healthy women.
Several studies have indicated that handgrip strength in
men and women is reduced as age increases [27] and that
this reduction is linear [28]. Considering normative values
established in previous studies [29], FM women obtained
lower values in handgrip strength, locating the whole group
around the 30th percentile. Aparicio et al. [25] observed
that handgrip strength is reduced in women with FM as
well as in those with severe FM compared to their peers
with moderate FM. However, in the healthy group, hand-
grip strength remains constant throughout ageing.
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Considering that the values of muscle strength analysed
in this study are lower in the FM group for all age ranges
when compared to the healthy group, we may indicate the
presence of dynapenia in patients with FM. In this sense,
Panton and Kingsley [9] and Latorre et al. [10] observed
that lower limbs strength and functional capacity were sim-
ilar in FM women and older healthy women, which suggest
that FM increases the risk of early incapacity associated
with age. Other authors [30] also indicated that women
with FM show static and dynamic muscle strength similar
to their elderly counterparts, 25 years older. This prema-
ture deficit in muscle strength and functional capacity may
compromise an independent lifestyle and can lead to nega-
tive implications on functionality, which can then lead to
disability and a reduction in the quality of life of younger
women (<65 years old) [30]. Moreover, loss of strength is
a more steady risk of incapacity and death than is loss of
muscle mass [31]. Exercise programs may be important in
the development of strength in women with FM. Latorre
et al. [32] showed significant improvements in handgrip
strength and 30-s chair stand test after 24 weeks of physical
training.

We have observed a higher association between mus-
cle mass and handgrip strength in healthy women than in
patients with FM, which may indicate that other factors
(pain, fatigue, depression and mood state), also muscle
mass, may be associated with the strength in women with
FM.
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Some limitations must be mentioned. First, the cross-
sectional design does not allow establishing causal relation-
ships. Second, the lower prevalence of fibromyalgia in men
and their low rate of participation made us to exclude them
from the analysis. Therefore, this study was carried out only
with women, and future studies are needed to confirm or con-
trast the present findings in men with fibromyalgia. Further-
more, the fibromyalgia women sample size doubled the con-
trol women. On the other hand, these sample sizes were fairly
large and representative of the Andalusian fibromyalgia popu-
lation [33]. Moreover, the present study employed standard-
ized and validated tests to assess muscle mass and strength.

Conclusions

Women with FM showed a higher risk of dynapenia. Nev-
ertheless, muscle mass and SMMI as sarcopenia indica-
tors did not change along ageing, which could indicate that
there is not early risk of sarcopenia in women with FM.
Incorporate exercise programs at an early stage is important
in order to preserve physical performance and strength and
to prevent negative consequences of dynapenia along age-
ing in FM patients.
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