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ABSTRACT
Objective. To assess the discrimina-
tive power of several symptoms and 
domains that may assist in the diagno-
sis of subjects with fibromyalgia (FM).
Methods. 79 individuals with FM and 
66 healthy controls participated in the 
study. The potential domains proposed 
by the American College of Rheuma-
tology (ACR) criteria were considered 
(Wolfe et al., 1990). Binary logistic re-
gression and area under a ROC curve 
(AUC) were used to rank the impor-
tance of the variables in distinguishing 
patients from pain-free controls. Z val-
ues were then calculated to compare the 
AUC values obtained for each variable 
with that which yielded the highest AUC 
(reference standard). For each measure, 
the cut-offs that maximise sensitivity 
and specificity were also calculated.
Results. The mean pressure pain 
threshold (PPT) yielded the highest dis-
criminative power (AUC, 0.991) and 
was therefore chosen as the reference 
standard; considering an optimal cut-
off ≤3.97, it correctly classified 95% of 
patients and 97% of controls. The dis-
criminative powers of tender point count 
(cut-off ≥9), health-related quality of 
life (cut-off ≤63.27) and vitality (cut-off 
≤46.97) were as good as that of the ref-
erence standard. Finally, items related 
to physical role and function, body pain, 
fatigue and memory loss showed ad-
equate discriminative power, although 
slightly lower than that of the reference. 
Conclusion. In addition to pain, 
health-related quality of life and fa-
tigue/vitality were confirmed as the 
best predictors of individuals with FM. 
The study findings indicate that tender 
point count and especially pressure 
pain threshold (measured with an al-
gometer) continue to be key issues in 
the clinical assessment of subjects with 
FM relative to pain-free controls.

Introduction
As early as 1989, Yunus advocated that 
diagnosis of FM should not be made by 
exclusion but through positive assess-
ment of a constellation of symptoms 
(1). In 1990, the American College of 
Rheumatology (ACR) published the 
first classification criteria for fibromy-
algia (FM): tenderness in 11 out of 18 
discrete regions (tender points) and 
widespread pain during 3 months (2). 
Although the 1990 ACR criteria have 
been validated and shown to be reliable, 
it has been argued that patients with FM 
display increased sensitivity to pressure 
pain throughout the body, not only at 
tender sites, and that the tender point 
count is influenced by physical and/or 
mental states (3-5). Moreover, applying 
the 1990 ACR criteria in clinical prac-
tice may overestimate the importance 
of tenderness (e.g. by oversampling in 
women) (6, 7). It has also been suggest-
ed that the 1990 criteria are not repro-
ducible in 36% of fibromyalgia patients 
over a 6-month period (8). Taking into 
account these criticisms and on the ba-
sis of previous findings, Wolfe and col-
leagues proposed provisional modified 
criteria in 2010 (9). Thus, un-refreshed 
sleep, fatigue, cognitive symptoms and 
widespread pain, along with a number 
of symptoms such as pain or cramp 
in the lower abdomen, depression and 
headache were proposed as key vari-
ables in the diagnosis of FM (9-12). 
Although disregarding tender points 
decreased the specificity of diagnosis, 
the new classification criteria correctly 
classified 88.1% of cases (9).
The ACR provided provisional en-
dorsement of the 2010 FM diagnostic 
criteria proposed by Wolfe et al. (9), 
while waiting for external validation. 
Nevertheless, the modified criteria 
have not received full endorsement by 
the ACR, because this society has es-
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tablished a policy that it will no longer 
endorse diagnostic criteria, in the belief 
that the final decision about any patient 
diagnosis and appropriate treatment 
should remain part of the physician-
patient relationship. 
The Outcome Measures in Rheumatol-
ogy Clinical Trials (OMERACT) (11) 
conducted several Delphi exercises 
with both patients and clinicians to ob-
tain a consensus of opinion about which 
domains should be assessed in clini-
cal trials for FM (13-15). Along with 
the study of Boomershine (16), these 
provided a core group of relevant FM 
symptom domains. Despite criticisms 
regarding tender point evaluation, 
more than 70% of OMERACT partici-
pants agreed that tenderness and sleep 
disturbance should be measured in all 
FM clinical trials, while other variables 
such as dyscognition and depression 
should be measured in only some of 
them (11). 
Thus, although many domains and tests 
are currently available for diagnosing 
FM, it is not known which domain best 
predicts the occurrence or absence of 
FM or what role tender point assess-
ment plays in the diagnosis of FM. 
This is very important as study of the 
discriminative power of the various 
measurement instruments may assist in 
the diagnosis of FM and may be used 
to differentiate responders from non re-
sponders to treatment (17, 18). 
Predictive models were used to assess 
the discriminative power of all vari-
ables. A predictive model has the ad-
vantage of describing the relationship 
between the dichotomous characteris-
tic of interest (healthy subject or FM 
patient) and a set of independent (pre-
dictor or explanatory) variables. Meas-
urement instruments or domains with 
the highest ability to predict inclusion 
in the FM group (the gold standard es-
tablished by the clinicians) would be 
those of greatest diagnostic relevance 
and would demonstrate robust con-
struct validity. 
Finally, we identified the optimal cut-
off point that misclassifies the small-
est number of patients and controls for 
each variable, which may also have 
practical implications for the diagnosis 
of subjects with FM. 

Material and methods
Design and participants
With the collaboration of a local pa-
tient’s association, an invitation to take 
part in this study was sent out to 150 
women, aged between 18 and 75 years 
old, with a confirmed clinical history 
of FM by experts in this area. Initially, 
inclusion criteria were diagnosis of FM 
and no other chronic pain disease or any 
disorder that could explain the principal 
symptoms of FM. However, this had to 
be modified as the source population 
comprised a majority of subjects with 
characteristic symptoms of other comor-
bid disorders. Reconfirmation of diag-
nosis and exploration of comorbidities 
were carried out by clinical interview.
To search for controls of the similar de-
mographical characteristics but no ma-
jor illness, an announcement was posted 
on bulletin boards of local health depart-
ments and women’s associations. Sev-
enty possible controls were recruited in 
this way. 
The exclusion criteria for both groups 
included a chronic physical condition 
other than FM for the patients, mod-
erate to severe psychiatric illnesses, 
substance abuse, pregnancy and lacta-
tion, active cancer and specifically any 
history of polymyalgia rheumatica, 
connective tissue diseases, endocrine 
myopathy or chronic fatigue syndrome 
(19). Because of the high comorbidity 
between FM and other stress-related 
disorders such as post-traumatic stress 
disorder (PTSD) (20) and mild depres-
sion (13-15), patients showing evidence 
of any of these syndromes were includ-
ed in the study.
Finally, seventy-nine subjects with FM 
were accepted as study participants 
(mean age= 46.42 years, SD=9.8), af-
ter the diagnosis of FM was endorsed 
by specialised medical examination 
following the 1990 ACR criteria (2). 
Sixty-six controls of similar age were 
also recruited (mean age= 46.0 years, 
SD=11.4). Both groups were predomi-
nantly middle-aged Caucasians and 
most were from Galicia (NW Spain). 
Both groups attended a clinical session 
that included a comprehensive inter-
view, pressure algometry at the tender 
points and administration of a number 
of test instruments (see below).

Patients were not requested to stop us-
ing their medication, including analge-
sics, for the purpose of the study.
Written informed consent was obtained 
from all patients and healthy subjects 
before participation in the study. The 
study was approved by the Ethics Com-
mittee of the University of Santiago 
de Compostela, in accordance with the 
Declaration of Helsinki.

Clinical interview
All subjects (i.e. controls and subjects 
with FM) were evaluated by adminis-
tration of a systematic questionnaire 
that included age, height, weight, fam-
ily history of FM, existence of physical 
and psychological stressful events pre-
ceding the onset of the FM symptoms, 
marital status, level of education, oc-
cupation, work status and ethnic back-
ground, medical history, years since 
diagnosis of FM and specialty of the 
professional who made the diagnosis. 
Data on medication at the time of the 
study were also recorded.
A group of symptoms extracted from 
the American College of Rheumatolo-
gy criteria was also assessed in the par-
ticipants (2, 9). These symptoms also 
included variables that reflect limited 
functioning and emotional well-being 
(21, 22). According to the hierarchy 
proposed by Arnold et al. (23), we ex-
plored 1) the core symptoms of FM de-
scribed as a triad that includes chronic 
widespread pain (in the four quadrants 
and axial skeleton) of long duration (≥3 
months), fatigue and sleep disturbance; 
2) other key associated symptoms: ten-
derness, stiffness, paraesthesia (tin-
gling or sensation of numbness), loss of 
strength, headache, mood disturbances 
(e.g. depression and/or anxiety), mem-
ory deficit, impaired physical function 
and quality of life including social 
function; and finally 3)  other comor-
bid conditions such as abdominal pain, 
constipation/diarrhea, swelling, fre-
quent urination, menstrual cramp, skin 
changes and hypersensitivity (SSV) 
to psychological distress, noise, cold, 
weather changes, heat and humidity.
Participants answered questions about 
the occurrence of these variables on a 
4-option scale (never, rarely, often or 
always). 
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Algometry at tender point sites
Pressure pain threshold (PPT) and toler-
ance (PPTol) were measured by algom-
etry performed by Y.T. (24). This meth-
od provides a measure of tenderness 
that has been demonstrated to be ac-
curate and reliable (25). For the exami-
nation, a pressure algometer (Wagner 
Force One®, Model FDI) was applied 
at the eighteen tender sites, according 
to the ACR criteria (2). The pressure 
was increased at an approximate rate 
of 1 kilogram per second, until the par-
ticipant reported feeling pain. The pres-
sure was then stopped, and the PPT was 
recorded in kilograms per square centi-
metre (kg/cm2). The pressure continued 
to increase until the participant indicat-
ed inability to withstand pain (PPTol). 
We calculated the mean PPT and PP-
Tol of the algometry results for all 18 
points. The tender point count (TPC) 
was determined as the number of ten-
der points with a threshold measure-
ment ≤4 kg/cm2, which is roughly 
equal to the pressure required to blanch 
the examiner’s thumbnail. 

Instruments
• Fibromyalgia Impact Questionnaire 
(FIQ)
The Spanish version of the FIQ (26) 
validated and adapted to Spanish-
speaking populations (S-FIQ) (27) was 
used in this study, only for the sample 
of patients. Although this version asks 
questions about aspects of work-related 
disability, the scoring was adapted for 
women who reported that they had nev-
er worked outside of the home. 

• SF-36
The SF-36 is an instrument that measures 
health-related quality of life (HRQoL) 
across eight different dimensions: physi-
cal functioning (PF), role limitation 
because of physical health (RP), social 
functioning (SF), vitality (VT), body 
pain (BP), mental health (MH), role lim-
itation because of emotional problems 
(RE) and general health (GH). The reli-
ability and construct validity of this self-
report questionnaire have been demon-
strated  (28-31). We used the Spanish 
version of the Short Form 36 Health 
Survey validated and adapted to Span-
ish-speaking populations in Spain (32). 

• Visual analogue scales (VAS)
Visual analogue scales consisted of a 
straight horizontal line of fixed length 
100 mm on which participants were 
asked to indicate their state concern-
ing pain intensity, headache, fatigue, 
morning rigidity, and sadness in the 
last month. The ends are defined as the 
extreme limits of the parameter to be 
measured orientated from the left (best) 
to the right (worst). VAS are valid and 
reliable measures of FM symptomatol-
ogy (33-37). 

• Beck Depression Inventory (BDI)
The Beck depression inventory (BDI) 
consists of 21 multiple-choice items 
that are answered by choosing which of 
four statements best describes the way 
the patient feels. The BDI assesses the 
severity of current depressive symp-
toms (38).

• Pittsburgh Sleep Quality Index (PSQI)
Sleep quality was assessed with the 
Spanish version of the Pittsburgh Sleep 
Quality Index (PSQI), which has shown 
good reliability and validity when ad-
ministered to patients with FM (39-41). 
The PSQI consists of 19 self-rating 
questions split into 7 components. 
Scores of 0–4 indicate good sleep qual-
ity, scores of 5–10, poor quality, and 
scores over 10, sleep disorder (39).

Statistical analysis
Characteristics of the patients and con-
trol groups were described by summary 
measures. Continuous variables were 
expressed as means ± standard devia-
tion and intervals, and categorical vari-
ables as frequencies and percentages. 
To analyse between-group differences 
in the categorical variables, we per-
formed Chi-square tests and measures 
of association for cross tabulations, de-
pending on whether the variables were 
nominal (lambda) or ordinal (Somers’d 
(directional) or Kendall’s Tau b (sym-
metrical)). As lambda may underesti-
mate relationships when many values 
are clustered around one response, in 
this case we used Cramers V (42). We 
also used the Kolmogorov–Smirnov- 
Lilliefors (KS test) adjustment test for 
a normal distribution in the case of 
continuous variables. When the KS test 

indicated the absence of normal distri-
bution, we applied the non-parametric 
Mann-Whitney U-test. Otherwise, we 
used the Student’s test. The size of the 
influence was calculated following Co-
hen’s d formula. We determined the 
probability of rejecting the null hypoth-
esis when it is in fact false (power).
We also calculated Pearson’s correla-
tion coefficients for education and each 
of the other variables. 
We used univariate binary logistic re-
gression analysis to obtain odds ratios 
(ORs), in order to calculate the strength 
of association and the impact of con-
founding variables, 95%-confidence 
intervals (95%-CI) and probability val-
ues (p-value). To assess the possible 
confounding effect of education level, 
all regression models were adjusted for 
this variable. 
The dichotomous dependent variable 
was coded as 0 (control subject) or 1 
(FM patient). The following predictor 
variables were included for each uni-
variate analysis: age, body mass index 
(BMI), education level, BDI, PSQI, 
PPT, PPTol, left trochanter PPT), we 
performed additional analyses to iden-
tify the tender point that best discrimi-
nated between the samples, which was 
the left trochanter (Fig. 1). TPC, SF-36 
subscales, VAS and the other variables 
assessed in the clinical interview. Al-
though the latter variables were scored 
on a 4-option scale, they were recoded 
in binary code, as 0 if the symptom was 
never or rarely present or 1 if often or al-
ways suffered. Only subjective memory 
loss was assessed on a 4-option scale as 
none of the controls obtained scores in 
the range indicating significant impair-
ment. TPC was also binary recoded, as 
positive (≥11) or negative (<11). 
The predicted probability scores de-
rived from the regression analysis 
were used to construct receiver oper-
ating characteristic (ROC) curves for 
all symptoms or domains in order to 
determine sensitivity and specificity 
levels. For each of the curves, the best 
cut-off values that maximise sensitivity 
+ specificity were reported. 
The area under the ROC curve (AUC) 
represents the validity of a model. For 
each possible cut-off point or criterion 
value, we discriminated between the 
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two samples. The  correctly classified 
FM subjects were defined as positive 
(TP = true positives), while cases clas-
sified as negative constituted the false 
negatives  (FN). On the other hand, con-
trols correctly classified as negative 
were referred to  as the true negatives  
(TN), whereas controls  classified as 
positive were considered as false posi-
tives (FP) (Fig. 2). 
AUC values of between 0.7 and 0.8 in-
dicate reasonable discrimination, and 
values exceeding 0.8 indicate good 
discrimination. The domain with the 
maximum AUC and minimal standard 
error was used as a reference standard, 
to calculate z values for comparing dif-
ferences in AUC (43). A z test was con-
structed using standard errors and pro-
vided the data normalisation necessary 
for comparison of the different AUC 
values. Briefly, the numerator of the ex-
pression is the difference in area under 
the ROC curves (AUC) for the measure 
of interest, and the denominator is com-
posed of the standard error of the differ-
ence in areas (SEi; see formula below). 
The z value is then compared with the 
normally distributed values included 
in a table, and values above some cut-
off are taken as evidence that one AUC 
value is significantly higher than the 
other. The null hypothesis considered 
the equality of the areas, and otherwise, 
the alternative hypothesis was rejected 
or accepted. Finally, the probability of 
making a type 1 error was considered to 
be p=0.05 (one tailed).
    Z = [A1 – A2] / √ (SE1² + SE2²)
Finally, we calculated the probability 
density function (pdf) of four continu-
ous variables: the mean PPT and the 
three test instruments used with both 
patients and controls (i.e. BDI, PSQI, 
and SF-36). 
We used SPSS, v. 21 software to carry 
out all statistical analyses.

Results
Demographic data 
All FM patients and controls were 
Spaniards of Galician origin (except 
for one patient). Family history of 
FM revealed a familial aggregation of 
31.4%. Thirty-one percent of patients 
reported a physical episode and 77.5% 
a psychological stressful event prior to 

the onset of FM symptoms, which were 
perceived as triggers of the syndrome. 
Eighty-five percent of patients had ex-
perienced FM symptoms for more than 
2 years (see Table I).
Mean age and distribution did not dif-
fer between groups. The FM rate in-
creased with age, reached two peaks 
at 45 and 50 years old, and then de-
creased. Regarding weight, 6.2% of the 
controls and 21.8% of patients were 
obese (BMI >30). The BMI differed 
significantly between groups.
Measures of association revealed sta-
tistically significant differences be-
tween groups in marital status, work 
status and level of education, but not 
occupation (Table I). Finally, level of 

education was significantly correlated 
with many of the symptoms and do-
mains studied (data not shown). The 
regression models were therefore ad-
justed for education level. 

Pharmacological therapy 
Most of the patients were polymedi-
cated. Mild analgesics (ethanamide, 
acetyl-salicylic acid and ibuprofen), 
opiates (fentanyl, tramadol) and anti-
depressants (duloxetine) plus sedatives 
(tetrazepam) were the most common 
currently prescribed drugs. The propor-
tion of patients receiving each of the 
above treatments was 35.2%, 32.4% 
and 32.4%, respectively. Pregabalin 
(20%), gabapentin (1.5%) and other 

Table I. Demographic data (percentages) for each sample and measures of association      
(directional) for cross tabulations for nominal (lambda, V Cramer) and ordinal (Somers’d) 
variables. 

 Variable Patients Controls

Pathogenesis Family history of FM 31.4 % 
 Physical triggering factors  31.0 % 
 Psychological triggering factors  77.5 % 

Years since FM diagnosis > 2 years   85% 
 mean (SD)  5.23 (4.9) 
 interval  0.5-24 

Age distribution: mean±SD (interval) 46.42 ±9.8 [22–64] 46.0±11.4 [25–75]

BMI (ranks) 15-18.5 2 (2.56 %) 3 (4.62 %)
 18.6-25 38 (48.72 %) 36 (55.38 %)
 25.1-30 21 (26.92 %) 22 (33.85 %)
 30.1-35 14 (17.95 %) 3 (4.62 %)
 35.1-40 1 (1.28 %) 0 (.00 %)
 >40.1 2 (2.56 %) 1 (1.54 %)

BMI (kg/m2) (*)  26.40 ± 5.0 24.35 ± 4.0

Marital status Single 8 (10.26 %) 22 (33.85 %) 
   [Lambda: 0.46*] Married 64 (82.05 %) 21 (32.31 %)
 Separated/divorced 4 (5.13 %) 15 (23.08 %)
 Widowed 2 (2.56 %) 7 (10.77 %)

Education None 1 (1.28 %) 1 (1.54 %) 
   [Somers’d : - 0.23*] Elementary 36 (46.15 %) 18 (27.69 %)
 Technical 6 (7.69 %) 13 (20.00 %)
 Graduated 18 (23.08 %) 12 (18.46 %)
 University 17 (21.79 %) 21 (32.31 %)

Occupation  Housewife 17 (21.79 %) 9 (15.00 %)
   [Lambda: 0.05 ] Part time 9 (11.54 %) 3 (5.00 %)
 Full time (not specialised) 23 (29.49 %) 13 (21.67 %)
 Full time (average) 16 (20.51 %) 17 (28.33 %)
 Full time (highly specialised) 11 (14.10 %) 14 (23.33 %)
 Student 2 (2.56 %) 4 (6.67 %)

Work Status Active 38 (60.32 %) 45 (73.77 %) 
   [V Cramer: 0.46*] Invalidity 19 (30.16 %) 0
 Unemployed 3 (4.76 %) 13 (21.31 %)
 Retired 3 (4.76 %) 3 (4.9 %)

BMI: Body Mass Index. *p<0.05.  
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pharmacological or homeopathic drugs 
were also used. Regarding compliance 
with treatments, most patients reported 
good adherence and small changes in 
their medication. 

Frequency of tender points 
and quantification
Table II shows the algometer data ob-
tained at the tender points. FM patients 
reported lower mean pressure pain 
threshold and tolerance, and a greater 
number of tender points, than controls. 
The between-group differences were 
statistically significant for all these vari-
ables. Regarding the tender point count, 
1 control had more than 11 tender points 
and 8 patients fewer than 11 tender 
points. As it has been suggested that a 
cut-off value of 11 tender points may be 
somewhat arbitrary (see review [44].), 
we decided to include patients with few-
er than 11 tender points for assessment.
Figure 1 shows the mean PPT values 
at the eighteen tender sites, for each 
group. As the confidence intervals do 
not overlap, we concluded that the dif-
ferences between both groups were 
highly statistically significant for the 
eighteen tender sites. Maximal be-
tween-group differences were observed 
in the trochanter area. 

Clinical characterisation 
of the FM group
FM patients were usually polysympto-
matic, with symptoms affecting several 
systems. All subjects diagnosed with 
FM reported multiple current com-
plaints, the occurrence of which has of-
ten been associated with FM. 
Table III shows the most frequent 
symptoms in FM and the results of the 
statistical tests of comparisons between 
groups. The prevalence of the symp-
toms considered was higher in the FM 
group than in the controls. The calcu-

lated z (Mann-Whitney U-test) and 
Kendall tau b-values showed highly 
statistically significant differences for 
the variables considered. The only ex-
ception was food intolerance. Most of 
the variables (continuous) exceeded the 
conventional level of power in sample 
size calculations at the 80% level, while 
the effects varied somewhat between 
variables, ranging between the medi-
um, strong, and very strong categories.
Ranking of the main symptoms report-
ed by FM subjects according to their 
effect size of Mann-Whitney U-test x 
Power revealed that the maximal signif-
icant difference corresponded to quality 
of life (SF-36 mean), vitality (SF-36), 
fatigue VAS, physical role and body 
pain (SF-36). 
Sciatica and cervical pain radiating 
to the arm or head were only assessed 
in the FM group and were also highly 
prevalent.
Other symptoms that commonly appear 
in the FM syndrome, such as anxiety, 
insomnia, depression and loss of mem-

ory, were also highly prevalent in the 
FM sample and differed significantly 
between patients and controls (e.g. 
BDI scores: 19.38±9.53 in patients vs. 
5.97±5.87 in healthy controls; PSQI: 
12.97±4.47 vs. 5.56±3.55, p<0.001 for 
each test). Further symptoms described 
as accompanying FM, such as stress 
sensitivity, digestive problems, men-
strual cramp, frequent urination, skin 
changes, and sensitivity (SSV) to envi-
ronmental agents, were also reported as 
prevalent.
Table III also includes the cut-off values 
for each symptom and test derived from 
the regression analyses. Taking these 
values into account, the proportion of 
individuals affected in each group was 
provided for each variable.
FIQ and SF36 scores are shown in Ta-
ble IV. In the FIQ, the highest scores 
obtained by the FM group correspond-
ed to the following subscales: morning 
tiredness (8.15), fatigue (7.75), feel 
good (7.15), stiffness (7.10) and pain 
(6.91). The scores for physical disabil-

Table II. Comparison of subjects according to myalgic scores.

Algometry (a)  Mean (SD) 95% Interval  t (b)(*) Cohen’s d Power
Tender Point Count [#)] Controls  FM  [95%Interval] 
    
PPT (a) 5.5±1.0 [5.2-5.7] 2.4±0.8 [2.3-2.6] 19.6 3.3 [2.8-3.8] 1.0
PPTol (a) 6.1±1.0 [5.8-6.3] 3.2±1.1 [2.9-3.4] 16.3 2.7 [2.3-3.2] 1.0
TPC [#] 4.2± 2.5 [3.5-4.8] 16±3.1 [15.3-16.7] 24.6 4.1 [3.5-4.7] 1.0

(a) [(kg/cm2); (b) t value (Equal variances assumed) (*) p<0.000. 

Fig. 1. Pressure Pain Threshold (PPT  in kg/cm2) at the eighteen tender sites (dark = controls;  grey = 
FM subjects). Mean and standard deviation are represented. 
Left trochanter point yielded the maximum statistical difference between groups [ANOVA (F = 358.38; 
p<0.0001).
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ity (3.77) and work missed (3.03) were 
within a lower range. The division in 
quartiles showed that 62% of patients 
scored higher than 61.75, 20.3% scored 
between 51.77 and 61.75, 10.1% scored 
within the range 41.84 - 51.76 and 7.6% 
scored less than 41.84. Between-group 
comparisons showed statistically sig-
nificant differences in all SF36 sub-
scales and total scale scores. 

Diagnostic test assessment by 
ROC curve regression analysis
The mean PPT was the domain with 
the maximum ROC area (0.991) and 
minimal standard error (0.005) (Table 
V). The ROC curve showed a cut-off 
index at a score of 3.97 kg/cm2, when 
sensitivity was 0.95 and specificity 
0.97. A tender point count score of ≥9 
was 0.92 sensitive (SV) and 0.97 spe-
cific (SP), and yielded an area under the 
ROC curve (AUC) value of 0.989. The 
AUC value for the trochanter at the left 

side representative of the most affected 
region was slightly lower (0.988).
As the mean PPT was the domain with 
the maximum AUC and minimal stand-
ard error, this index was chosen as the 
reference standard, and the other do-
mains and symptoms described in Ta-
ble V were classified according to their 
¨z¨ differences for this parameter. This 
yielded four groups of variables. The 
variables in each group are shaded in 
different tones of grey in Table V. 
The first group mainly comprised vari-
ables related to physical components, 
except for memory complaint and so-
cial function. In addition to the algom-
eter data, the domains with the maxi-
mum AUC corresponded to the SF-36 
total score (AUC=0.965; SV=0.93; 
SP=0.91) and some of its subscales: 
Vitality (AUC=0.961; SV=0.93; 
SP=0.97); Physical role (AUC=0.951; 
SV=0.87; SP=0.91) and Body pain 
(AUC=0.947; SV=0.93; SP=0.86). For 

the SF-36 total scale, the cut-off score 
was 63.27. The VAS for fatigue and pain 
also yielded high AUC values. For VAS 
fatigue, a score >4.4 was 0.91 sensitive 
and 0.89 specific (AUC=0.950) and for 
VAS pain, the cut-off was around 4.3 
(SV=0.87; SP=0.81; AUC=0.930). Fi-
nally, classification of subjects accord-
ing to memory function was excellent 
(AUC=0.924; SV=0.89; SP=0.81).
The AUC values were between 0.8 and 
0.9 for the following symptoms, which 
constituted a second group of relevant 
clinical symptoms: depression (BDI), 
sleep disturbance (PSQI), SF-36 emo-
tional role, VAS morning rigidity, stress 
SSV, cervical pain, humidity SSV, men-
tal health, headaches VAS, sensitivity 
to weather change and emotional role. 
From this group, the BDI yielded the 
highest AUC value of 0.902 (SV=0.81; 
SP= 0.84) and a cut-off index at score 
of 11.5. The AUC for the PSQI was 
0.891(cut-off score = 8.5; SV = 0.86; SP 

Table III. Ranking of the main symptoms reported by FM subjects and statistical differences from controls according to Mann-Whitney 
U-test, effect size and power. For each group the proportion of subjects (%) clinically affected, according to the cut-off in the predictive 
logistic regression analysis, is shown.
 
Modality Statistics (l) Cohen’s d Power () Groups Cut-off Affected (%)
  [95%Interval] 

Quality of Life n 8.89* 2.8 [2.3 - 3.3] 1.0 (n=124) Controls ≤ 63.3 8.8
      FM  92.5
Vitality (b) 8.84* 2.7 [2.2- 3.2] 1.0 (n=124) Controls ≤ 47.0 3.5
      FM  92.5
Fatigue†  8.73* 2.7 [2.2 - 3.1] 1.0 (n=126) Controls ≥  4.4 11.0
      FM  91.0
Physical Role (b) 8.70* 2.6 [2.1 - 3.1] 1.0  (n=124) Controls ≤ 65.7 3.5
      FM  86.6
Body Pain (b)  8.63* 2.6 [2.1 - 3.1]  1.0 (n=124) Controls ≤ 62.3  13.8
      FM  92.5
Pain† 8.33* 2.2 [1.8 - 2.7]  1.0 (n=126) Controls ≥ 4.3  19.0
      FM  87.3
Physical Function (b)  8.14* 2.0 [1.6-2.5]  1.0 (n=124) Controls ≤ 73.1  12.1
      FM  86.6
Social Function (b) 8.09* 2.1 [1.6 - 2.5] 1.0 (n=124) Controls ≤ 80.9 21.1
      FM  89.6
Sleep disorder (c) 7.93*  1.8 [1.4 – 2.2]  1.0 (n=140) Controls ≥ 8.5  19.0
      FM  85.9
Depression (a)  7.72* 1.7 [1.3 – 2.1] 1.0 (n=125) Controls ≥ 11.5  15.9
      FM  79.4
Rigidity†  7.41* 1.7 [1.3 – 2.2]   1.0 (n=126) Controls ≥  5.4  25.0
      FM  79.0
Mental Health (b)  6.10* 1.3 [.89 -1.7] .99 (n=124) Controls ≤ 67.5 22.4
      FM  73.1
Headaches†  6.16* 1.2 [.8 – 1.5] .99 (n=126) Controls ≥  3.1  23.3
      FM  66.7
Emotional Role (b) 6.00*  1,3 [.9 – 1.7] .99 (n=124) Controls ≤ 87.4 25.9
      FM  76.1
Mood (Sadness)† 5.63* 1.1 [.7 - 1.5] .99 (n=126) Controls ≥ 2.8  15.9
      FM  69.9

(a) Beck Depression Inventory; (b) SF-36 (subscales) nSF-36 mean; (c) PSQI; †VAS ; lMann-Whitney (z value); Effect size of Mann-Whitney U-test           
according to Cohen's d formula; Power (α=.05);  *p (two tailed) <0.001. 
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= 0.81). Thus, the second group consist-
ed of a mixture of variables related to 
the emotional domain, insomnia, local-
ised pain, stiffness and environmental 
sensitivity to external agents. 
Sensitivity to noise and feeling of sad-
ness (VAS) yielded AUC values at 
the top of the third group (i.e. values 
of 0.7–0.8). Paraesthesia, menstrual 
cramp, constipation/ diarrhoea, cold 
SSV, abdominal pain and swelling 
were also classified in this group.
The remaining variables, situated at 
the bottom of the classification showed 

low discriminative power (AUC <0.7).
The relationship between the outcome 
variable (for the FM or Control group) 
and each of the predictors are also de-
scribed in Table V (see Odds ratios). 
Within the tenderness measures, a de-
crease of one unit in the mean PPT (ref-
erence standard) increased the number 
of patients diagnosed with FM -by 
33.33 (OR: 0.03; 95% Cl: 0.01–0.1), 
while one unit increase in the number 
of tender point counts decreased the 
number of patients diagnosed with FM 
by 50% (OR: 2.0; 95% Cl: 1.5–2.6). 

Higher SF-36 scores substantially de-
creased the likelihood of FM. Variables 
such as depression (BDI), insomnia 
(PSQI) and memory deficit were asso-
ciated with the outcome variable: each 
increase of one unit in BDI increased 
the odds by 1.28 times (OR: 1.3; 95% 
Cl: 1.2–1.4), while an increase of one 
unit of PSQI increased the odds by 1.46 
(OR: 1.5; 95% Cl: 1.3–1.6). 

Probability density function  analysis
Figure 2 shows the probability density 
function (pdf) for the 4 variables stud-
ied: mean PPT, BDI, PSQI and SF-36. 
In general, there was a slight overlap 
between the two groups, which indicat-
ed the existence of false positive and 
negative diagnoses. However, because 
of the small number of false diagno-
ses, the threshold modality was almost 
completely successful in differentiat-
ing the two groups. 

Discussion
The main aim of this study was to as-
sess the discriminative power of some 
recognised domains and instruments 
used to aid diagnosis of FM, to estab-
lish the optimal cut-off points to pre-
vent misclassification of patients and 
healthy subjects, and to compare the 
efficacy of these instruments with that 
of a reference standard. 
To accomplish these objectives, it was 
first necessary to have a gold standard 
(diagnosis by the clinician) against 
which to compare the accuracy of the 
various measures. Thus, the role of 
qualified specialists in the proper diag-
nosis of the sample of patients was crit-
ical. It was also essential to carry out 
a thorough examination of participants 
and appropriate selection of the indices 
to be studied. In this respect, the degree 
to which the FM patients were affected 
was examined by the FIQ, revealing 
that most patients were included within 
the highest quartile (maximum degree 
of severity of the illness). 
The ROC analyses revealed that mean 
pressure pain threshold (PPT) was the 
most accurate measure for discriminat-
ing between individuals with FM and 
healthy subjects. We therefore chose 
this as the reference standard. Although 
examination of tender points has re-

Table III (continued). Ranking of less commonly reported symptoms [Kendall's Tau b measures 
of association between groups], and proportion of clinically affected subjects per group (%). 

Modality Kendall's Tau b Groups % Affected (1)

Chest pain  0.80* Controls 0
  FM 80.8
Loss strength  0.80* Controls 6.8
  FM 87.2
Memory loss  0.80* Controls 0.0
  FM 80.7
Back pain 0.79* Controls 15.25
  FM 93.6
Anxiety  0.79* Controls 13.6
  FM 92.2
Stress SSV 0.73* Controls 20.6
  FM 92.2
Cervical pain  0.72* Controls 23.7
  FM 93.6
Humidity SSV 0.69* Controls 20.3
  FM 88.5
Weather changes SSV 0.63* Controls 19.0
  FM 81.8
Paraesthesia  0.58* Controls 11.9
  FM 70.5
Noise SSV 0.58* Controls 22.0
  FM 80.5
Constipation / Diarrhoea 0.57* Controls 3.4
  FM 5.5
Menstrual cramps 0.54* Controls 17.6
  FM 71.9
Cold SSV 0.52* Controls 30.5
  FM 82.1
Abdominal pain 0.45* Controls 15.3
  FM 60.3
Swelling  0.44* Controls 17.0
  FM 60.3
Frequent urination 0.30* Controls 10.2
  FM 35.9
Hot sensitivity 0.35* Controls 25.4
  FM 61.5
Skin changes 0.29* Controls 11.9
  FM 37.2
Food intolerance NS Controls 5.3
  FM 9.0
Cervical  pain to () Head FM 85.9
 Arm  90.1
Sciatica ()  FM 67.6

(1) Measured according to Likert scale of frequency: never present (0), rarely (1), often (2), always (3), 
but finally coded into binary variables where 0 (non-affected) = symptom never or rarely present, and 
1 (affected) = often or always present. Only FM group was analysed *p<0.001
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ceived several criticisms, our findings 
support the usefulness of pressure al-
gometry in the assessment of FM and 
the conceptualisation of it as a disorder 
of pain regulation (central sensitisa-
tion), as indicated by increased sensi-
tivity to painful stimuli and lowered 
pain thresholds (3, 11, 16, 45-49). This 
is consistent with recent suggestions 
that algometer scores could be used as 
a marker of peripheral neuro-sensitiv-

ity (3, 45), included in the clinical di-
agnosis and research [15] and used as 
a potential biomarker in FM (11, 47). 
The mean PPT scores reported here 
were similar to the values obtained in 
a survey of fibromyalgia patients (50). 
Nevertheless, we found that some pa-
tients had fewer than 11 tender points. 
Indeed, our results indicate that the 
11-point cut-off is arbitrary, as we 
found that 9 sensitive points are suf-
ficient for correct classification of FM 
and corroborate the idea that there is 

no fixed range for diagnosis confirma-
tion (3, 4, 51). Similarly, a recent study 
reported that a cut-off at 8 may assist 
in the identification of patients with 
chronic widespread pain and fibromy-
algia and supported the use of tender 
point examination as a valid measure 
of pain hypersensitivity in the clinical 
setting (52). Some authors have also 
stated that the tender point count dis-
criminated maximally at a count of ≥6, 
whereas the ACR criterion (≥11) dis-
played reduced sensitivity (4). Tender 

Table IV. Data from the Fibromyalgia 
Impact Questionnaire (FIQ) administered 
to FM patients and from the Short Form 
Health Survey (SF-36) administered to FM 
patients and controls.
 

FM Group
FIQ Scores (n= 63)

Subscales Mean
Physical impairment 3.77 ± 2.13
Feel good 7.15 ± 2.89 
Work missed 3.03 ± 3.83
Do work 5.85 ± 3.19
Pain 6.91 ± 2.36
Fatigue 7.75 ± 2.39
Morning tiredness 8.15 ± 2.13
Stiffness 7.10 ± 2.45
Anxiety 6.85 ± 2.82
Depression 5.19 ± 3.04
Total (mean) 6.18 ± 1.67
Total (sum) 63.77 ± 16.30

SF-36 Scores FM Group (n= 67)
Subscales Mean
General Health  28.28 ± 18.10
Physical Function 48.81 ± 21.15
Physical Role 34.89 ± 24.86
Emotional Role 65.30 ± 26.14
Social Function 48.69 ± 26.12
Body Pain 29.33 ± 20.48
Vitality 23.51 ± 17.46
Mental Health 52.71 ± 21.57
SF-36 mean 40.98 ± 15.44 

SF-36 Scores Control Group (n= 58)
Subscales Mean
General Health  72.33 ± 18.19
Physical Function 88.45 ± 17.65
Physical Role 89.44 ± 16.65
Emotional Role 92.06 ± 12.85
Social Function 91.81 ± 14.16
Body Pain 81.05 ± 19.03
Vitality 69.40 ± 16.04
Mental Health 78.32 ± 17.23
SF-36 mean 79.54 ± 11.76

As proposed in the original paper, the FIQ item 
(feel good) score was reversed, in such a way that 
when the patient answered 0 days for “felt good 
during the past week” the score considered was 
7; and then, it was multiplied by 1.43 (to obtain a 
maximum score of 10).
There was a significant difference between 
groups for all subscales and the mean score of 
the SF-36.

Table V. Comparison of the areas under two ROC curves (Mean threshold (PPT) vs. others) 
according to z values.  ORs -95% CIs and cut-off values are also shown.

 Area SE Z value OR(95% CI) Cut-off SV SP
   (*) ()
 
Threshold (PPT) .991 .005 0 .03* (.01 -- .1) 3.97 .95 .97
TP count  .989 .01 .22 2* (1.5–2.6) 9 .92 .97
Left trochanter .988 .01 .35 .12* (.05–.28) 4.5 .96 .92
Tolerance (PPTol) .980 .01 1.04 .05* (.02–.15) 4.72 .92 .95
Quality of Life (1) .965 .02 1.44 .85* (.8–.9) 63.3 .93 .91
Vitality (1´) .961 .02 1.64 .88* (.8–.9) 47.0 .93 .97
Physical role (1´) .951 .02 1.91* .91* (.8–.94) 65.7 .87 .91
Fatigue VAS .950 .02 1.94* 2.3* (1.78–3.0) 4.4 .91 .90
Body pain (1´) .947 .02 1.98* .91* (.89–.94) 62.3 .93 .86
General health (1´) .948 .02 2.11* .90* (.87–.93) 52.5 .91 .85
TP count o .941 .02 2.21* 569* (69-4673)  .90 .99
Physical function (1´) .925 .03 2.22* .91* (.9–.94) 73.6 .87 .88
Memory loss (n) .924 .03 2.30* 11.9* (5.5–25.5)  .89 .81
Pain VAS .930 .02 2.75* 2.2* (1.7–2.9) 4.3 .87 .81
Social function (1´) .913 .03 2.98* .92* (.9–.94) 80.9 .90 .79
Loss of strength (b) .902 .03 3.02* 90* (26.7–304)  .87 .93
Lumbar pain (b) .892 .03 3.05* 78* (24.6–248)  .94 .85
Anxiety (b) .893 .03 3.11* 75* (24.7–230.7)  .92 .87
Depression (2) .902 .03 3.33* 1.3* (1.2–1.4) 11.5 .81 .84
Sleep disturbance (3) .891 .03 3.57* 1.5* (1.3–1.6) 8.5 .86 .81
Rigidity-Morning stiffness VAS .882 .03 3.58* 1.6* (1.4–1.8) 5.4 .79 .75
Stress SSV(b) .858 .04 3.65* 45* (15–129)  .92 .79
Cervical pain (b) .849 .04 3.80* 47* (16–139)  .94 .76
Humidity SSV (b) .841 .04 4.01* 30* (11.7–77)  .89 .80
Mental health (1´) .821 .04 4.34* .94* (.9–.96) 67.5 .73 .78
Headaches VAS .817 .04 4.42* 1.4* (1.3–1.7) 3.2 .67 .76
Weather change (b) .814 .04 4.49* 19* (8–46)  .82 .81
Emotional role (1´) .804 .04 4.63* .93* (.9–1.0) 87.4 .76 .75
Noise SSV (b) .792 .04 4.81* 14.6* (6–34)  .81 .78
Mood-Sadness  VAS .790 .04 4.82* 1.6* (1.3–2) 2.79 .70 .84
Paraesthesia (b) .793 .04 4.90* 17.8* (7–45)  .70 .88
Menstrual cramp (b)  .772 .04 4.94* 12* (5–28.8)  .72 .83
Constipation (b) .775 .04 5.35* 40* (9.1–176)  .58 .97
Cold SSV (b) .758 .04 5.38* 10* (4.7–23)  .82 .70
Abdominal pain (b) .725 .04 6.0* 8* (3.6–19.6)  .60 .85
Swelling (b) .717 .04 6.18* 7* (3.3–16.8)  .60 .83
Hot SSV (b) .678 .05 6.61* 4.6* (2–9.7)  .62 .74
Frequent urination (b)  .629 .05 7.65* 5* (1.9–13)  .36 .90
Skin changes (b) .627 .05 7.69* 4.4* (1.8–11)  .37 .88
BMI .617 .05 7.93* 1.1* (1–1.2) 23.7 .65 .46
Education level (b) .591 .05 8.28* .46* (.23–.92)  .47 .71

SF-36 Health Survey (1´) SF-36 subscale (2) BDI (3) PSQI; SV: Sensitivity SP: Specificity,
oBinary: < 11 and ≥ 11 tender points; nVariable included on a 4-option Likert scale of frequency; (b) 
Variables converted to binary (“often” or “permanently” affected); List of variables with adjusted 
coefficients (by Level of education): Memory Loss, BMI, BDI, PSQI, Pain, Morning stiffness, Fa-
tigue, Sadness, Headaches, General Health, Physical Function, Physical Role, Vitality, Quality of Life, 
Lumbar pain, Paraesthesia, Swelling, Loss of Strength, Weather Change SSV. *p (one tailed) ≤0.05.
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points have been reported as being con-
siderably influenced by distress, while 
dolorimetry results are only mildly 
influenced by this variable, thus being 
a more valid measure than the tender 
point count (53). Thus, pressure thresh-
old measured with an algometer ap-
pears to be better than the tender point 
count for diagnosis of FM. 
The individual analysis of each tender 
point revealed that the left trochanter is 
the anatomical localisation that best dis-
criminates patients from controls. Nev-
ertheless, we used the mean PPT across 
the 18 tender sites considered, because 
FM is clinically characterised by wide-
spread reductions in pain thresholds, 

as opposed to lowered PPT localised 
at any specific body region. Therefore, 
the mean value should be a more rep-
resentative measure of the widespread 
reductions in thresholds of experimen-
tal pain and of generalised clinical pain 
that occur in FM patients  (54).
Having identified the variable with the 
maximum discriminative ability, i.e. 
mean PPT, the analyses enabled classifi-
cation of symptoms in 4 groups, accord-
ing to their AUC values and their relative 
differences from the reference variable. 
Apart from the algometer scores, the 
first group (AUC>.90) included clini-
cal pain measured by both the visual 
analogue scale and the SF-36 subscale 

body pain, confirming that pain as-
sessment is central to FM diagnosis. 
Fatigue, loss of strength, memory loss 
and poorer quality of life accurately 
discriminated patients from healthy 
controls. This pattern of results is con-
sistent with previous findings and sug-
gests that FM may not be only defined 
by widespread pain  (6, 9, 55, 56). 
As suggested in previous findings, fa-
tigue appears to be one of the core 
symptoms of FM and is probably the 
most limiting condition because of how 
it interferes with daily activities and af-
fects mood (34, 44, 57, 58). In fact, FM 
subjects presented important functional 
limitations due to the disorder, both in 

Fig. 2. Normal probability density function (Pdf) by  group, of the continuous random variables (Threshold, Beck, PSQI and SF-36).
Cut-off points were calculated for Threshold (PPT): 3.97 Kg/cm2; PSQI (8.5); SF36 (63.3) and BDI (11.5).
FN: False Negative fraction (FM subjects classified as negative); FP: False Positive fraction (controls classified as positive).
The other areas represent the diseases (FM sample) or controls correctly classified as negative.
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the physical and psychological domains, 
showing reduced general well-being as-
sessed by the SF-36 questionnaire.
We also found that memory complaints 
differentiate well between groups and 
seem to be an important variable in FM 
diagnosis (59). As the healthy controls 
had higher levels of education than FM 
patients and as this variable may mask 
mild cognitive deficits (60), we per-
formed additional analyses to clarify 
possible confounding effects and ob-
served that the positive predictive value 
of memory loss was maintained.
The second group of variables were 
similar to those proposed by Wolfe and 
colleagues and other studies as symp-
toms accompanying the disorder (9, 
11). In particular, for depression, anxie-
ty, sleep disturbance, morning stiffness, 
hypersensitivity to stressful events and 
environmental sensitivity, and other 
symptoms such as headache or pain or 
cramp in the lower abdomen. The AUC 
was between 0.80 and 0.90. Of all these 
variables, depression showed the high-
est discriminative power (AUC=0.902). 
In this study, 79.4% of FM patients and 
15.9% of controls scored above the 
11.5 cut-off in the BDI. Previous stud-
ies have reported prevalence rates of 
depression in FM patients of between 
20% and 80% (61-64) and even correla-
tion between BDI scores of FM women 
and their spouses (65). Sleep quality 
also accurately discriminated between 
patients and controls. A cut-off >8.5 in 
the PSQI correctly classified most of 
the FM patients, the majority of whom 
were defined as poor sleepers. Non-re-
storative sleep has also been frequently 
reported in FM patients (66, 67). 
A third group of variables included sen-
sitivity to noise and cold, sadness and 
other symptoms such as paraesthesia, 
menstrual cramp, excessive swelling 
and abdominal dysregulation. Although 
these variables are not included as top 
domains, our study findings echoed 
some earlier descriptions of a subgroup 
of FM patients with elevated psycho-
logical distress (68), exaggerated adr-
energic reactivity to chilling (69) and 
a perceptual style of amplification and 
noise intolerance (70, 71). 
Finally, we found one group of vari-
ables with very low discriminative 

power: sensitivity to cold, frequent 
urination and body mass index. In re-
lation to the latter parameter, this may 
have practical implications for health 
and in particular for FM. Previous re-
search suggests that excessive weight is 
a common comorbidity factor and may 
be related to the severity of FM (15, 72-
74). In the present study, we observed 
statistically significant differences in 
mean weight between groups but found 
that BMI differentiated poorly between 
FM patients and controls. 
In summary, in line with previous stud-
ies (11, 28), tenderness (tender point 
count and PPT measured by dolorim-
eter), pain (SF-36 Body Pain and VAS), 
fatigue (SF-36 Vitality, VAS), quality 
of life and multidimensional function/
health related quality of life (SF-36 
physical Component Scores) were the 
most accurate variables for  diagno-
sis of FM. Interestingly, our findings 
lead us to conclude that tender point 
examination, and specially dolorim-
etry continue to be key factors in the 
clinical assessment of FM. Although 
pressure algometry provides quantita-
tive measures, the scores are subjective 
and caution is especially advised when 
interpreting the results. Moreover, ten-
derness is not a uniform measure of the 
FM status and thus distinct subgroups 
of patients with fibromyalgia can be 
classified depending on the degree of 
tenderness (51).
As in other studies that have used SF-
36, our findings highlighted that im-
pairments in body pain and vitality are 
central features of FM (75), and they 
also stressed the importance of wak-
ing unrefreshed, cognitive symptoms, 
anxiety and depression, morning rigid-
ity and susceptibility to stress, some of 
which were recently proposed as key 
domains in FM diagnosis (9). 
Finally, the cut-offs obtained should be 
useful for planning future research to 
assess the test measures that maximise 
the probability of adequate diagnosis.
One strength of this study was the 
common and particular origin of the 
samples, which eliminates possible 
confounding aspects such as possible 
ethnic differences in the prevalence 
and severity of pain (76, 77). We also 
measured pressure pain threshold, in 

addition to the tender point count, in 
both subjects with FM and healthy 
participants, and assessed the possible 
confounding role of education level. 
Therefore, comparison with pain-free 
controls made possible to indirectly as-
sess the state of nociceptive processing 
in fibromyalgia patients (46). The po-
tential bias in the selection of controls 
was minimised, since this sample was 
just used to fulfill the role of a common 
reference, given that the main objec-
tive of this paper was to compare the 
discriminative power of the variables 
under study. 
Because PPT was used as the refer-
ence standard, the procedure used to 
obtain this should not be compromised. 
In order to overcome possible biased 
estimations by treatment suppression, 
described in previous literature, we al-
lowed patients to continue taking their 
medication (46). Given the huge differ-
ence between patients and controls, the 
analgesic effect might be considered of 
little relevance in the estimation of PPT. 
However, there are some limitations 
to the study. Regarding the sample, al-
though FM is more prevalent in women 
(60), male participants should be in-
cluded in this type of study. Despite 
encouraging the selection of patients 
without overt comorbid disorders such 
as osteoarthritis, migraine headaches, 
irritable bowel syndrome, restless leg 
syndrome or temporomandibular pain 
disorder, it was almost impossible to 
rule out these conditions in our sample. 
In fact, some of the patients had symp-
toms that could meet the criteria for 
the above comorbidities. Some authors 
have recently claimed that the 18 pre-
determined sites of examination for ten-
der points in fibromyalgia syndrome are 
also myofascial trigger points, and thus 
it should be recognised that a consider-
able overlap and/or interaction between 
myofascial pain syndrome and FM may 
exist (78-80). In this respect, the role of 
physical and psychiatric comorbidity 
continues to be a common challenge in 
the diagnosis of FM (81).
As suggestions for future research, the 
inclusion of a different clinical control 
group (e.g. patients with rheumatoid 
arthritis or unipolar depression) would 
help to identify symptoms and domains 
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that are specific to the disorder. More-
over, as pressure pain threshold may be 
biased by idiosyncratic factors, it would 
be useful to include objective measures 
of experimental pain such as assess-
ment of nociceptive reflexes. Finally, a 
follow-up study should be carried out 
to check whether tender point examina-
tion is stable over time. 
Although at the present moment the di-
agnosis of FM continues to be a chal-
lenge due to the lack of objective mark-
ers, studies of this type may be of great 
value in the clinical management of the 
disease.
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