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Abstract The clinical features of fibromyalgia are associated
with various psychological factors, including stress. We ex-
amined the hypothesis that the path that psychological factors
follow in influencing fibromyalgia symptoms is through their
direct effect on stress. Ninety-eight females with ACR 1990
classified fibromyalgia completed the following question-
naires: The Big 5 Personality Inventory, Fibromyalgia
Impact Questionnaire, Perceived Stress Scale, Profile of
Mood States, Mastery Scale, and Perceived Control of
Internal States Scale. SPSS (PASW version 22) was used to
perform basic 7 tests, means, and standard deviations to show
difference between symptom characteristics. Pathway analy-
sis using structural equation modelling (Laavan) examined the
effect of stress on the relationships between psychological
factors and the elements that define the fibromyalgia pheno-
type. The preferred model showed that the identified path
clearly linked the psychological variables of anxiety, neuroti-
cism and mastery, but not internal control, to the three key
elements of fibromyalgia, namely pain, fatigue and sleep
(»<0.001), via the person’s perceived stress. Confusion, how-
ever, did not fit the preferred model. This study confirms that
stress is a necessary link in the pathway between certain iden-
tified, established and significant psychological factors and
key fibromyalgia symptoms. This has implications for the
understanding of contributing mechanisms and the clinical
care of patients with fibromyalgia.
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Introduction

Stress is thought to play an important role in the development,
maintenance and/or exacerbation of fibromyalgia and this as-
sociation has been the focus of many studies [1-5]. Stress may
also result from the symptoms and disabilities that character-
ize fibromyalgia. Thus, the association of stress with fibromy-
algia is complex and multidimensional and its causal role in
fibromyalgia remains to be better defined.

Thoughts and emotions as well as the psychological re-
sponses can lead to biological reactions, among these being
the stress-response. This response is characterized by activa-
tion of neuronal, hormonal and behavioural systems, all aimed
at preserving or restoring body homeostasis. Among these
activations is a direct effect on the central pain processing
systems that are relevant to fibromyalgia [6-8].

In this current study, we aimed to amalgamate and explore
the relationships found in past studies [2, 9—12] namely pain,
fatigue, quality of sleep and cognitive dysfunction and the
selected typical key psychological variables that significantly
associate with fibromyalgia. These variables include mastery,
internal control, coping, thinking styles, anxiety, depression,
and personality types, such as neuroticism.

In our previous studies, we have utilized perceived stress as
a measure that we feel best reflects the type of stress found in
fibromyalgia. That is the person’s appraisal and reaction to
everyday stressors in daily life. We have shown that, using
this measure, as stress levels increase so do the symptoms of
fibromyalgia increase [2]. We hypothesized that certain psy-
chological variables, such as anxiety, mastery and control, will
modulate stress in different directions and as a consequence
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impact the stress-dependent symptoms associated with fibro-
myalgia. The model used in this study thus comprised a “top-
down” view of fibromyalgia with the proposal that psycho-
logical factors directly act through their effect on stress to
modulate the symptoms of fibromyalgia.

Methods
Patients and ethics

Details of patient recruitment and ethics approval have been
previously published [2, 9, 12]. All participants were con-
firmed by a rheumatologist as fulfilling the ACR 1990 fibro-
myalgia classification criteria. Patients with concomitant clin-
ical conditions likely to affect their assessment were excluded.
Males were excluded due to low numbers. All patients partic-
ipated voluntarily and no fees were paid.

Ninety-eight female fibromyalgia patients were identified
[13, 14]. All participants were sent written information regard-
ing the study along with a consent form which, when signed,
was followed by a series of questionnaires. We did not sys-
tematically identify co-morbidities, ethnicity or drugs (includ-
ing nicotine) in all patients and hence these components were
not included in the analysis.

Questionnaires

The following questionaries were used according to the meth-
odology of our previous studies [2, 9, 12]: The Big 5
Personality Inventory to assess neuroticism [15]; the
Fibromyalgia Impact Questionnaire (FIQ) to assess pain in-
tensity, sleep quality, level of depression and anxiety [16]; the
Perceived Stress Scale (PSS) to assess the degree that an indi-
vidual experiences feeling of being overwhelmed by everyday
stressful life events over the previous month [17]; the Profile
of Mood States (POMS) to assess confusion [18]; the
Perceived Control of Internal States scale (PCOISS) to assess
the degree of control based on the individual’s thoughts, feel-
ings and behaviours [19] and the Mastery scale to assess the
person’s ability to deal with difficulties and challenges in ev-
eryday life [20].

Statistical analysis

Initial descriptive analysis was conducted using SPSS (PASW
version 22). ¢ tests, means and standard deviations were used
to explore the differences between groups in symptom char-
acteristics. Pathway analysis using structural equation model-
ling (SEM) was conducted using Laavan (Latent variable
analysis) [21]. These models permit inclusion of variables that
are correlated with and can be used to predict one or more
variables. This SEM approach is advantageous to test if there
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are interrelationships among observable and latent variables
and it is the only technique that can do complete and simulta-
neous analysis between these variables [22].

Parameter estimates, including factor loadings, path coeffi-
cients or direct, indirect and total associations and residual
error variance terms for criterion variables, were tested for
statistical significance (alpha=.05, two tailed). The following
indices were used for goodness of fit of the accepted model:
goodness of fit (GFI) 0—1, adjusted goodness of fit (AGFI) 0—
1, standardized root mean square residual (SRMR) <0.05, root
mean square error of approximation (RMSEA) 0.05-0.08,
Tucker-Lewis index (TLI) 0—1 and normal fit index (NFI) 0—1.

Results

The demographics of the group have been detailed in our
previous publications [9].

The means (standard deviations) of the study measures
were pain 6.34 (2.34), fatigue 7.90 (2.03), sleep quality 7.79
(2.18), confusion 10.14 (4.93), neuroticism 25.95 (5.22), de-
pression 3.76 (2.74), anxiety 4.48 (2.83), internal control
57.48 (9.76), mastery 16.58 (3.21) and perceived stress
28.96 (5.65).

The relationships between the perceived stress score and
the FM phenotype namely pain, fatigue, sleep disturbance and
confusion are shown in Table 1, along with psychological
components identified as the strongest predictors in the rela-
tionship between stress and the phenotypes. There is a signif-
icant association between stress and all of the fibromyalgia
characteristics and all the psychological variables [2].

These variables were used in this subsequent pathway anal-
ysis. The key steps in determining the preferred model are
shown in Table 2.

The goodness of fit characteristics for this pathway model
are shown in Table 3. There is good fit of the preferred final
model for all assessed methods except for RMSEA.

The final preferred theoretical model is shown in Fig. 1.

Table 1  Correlations between perceived stress and fibromyalgia
phenotype characteristics and psychological variables in 98 women
with fibromyalgia

Fibromyalgia characteristics Psychological variables

r P r 4
Pain 31 .01 Control —.64 .001
Sleep A48 .001 Mastery =70 .001
Fatigue 42 .001 Depression .64 .001
Confusion .59 .001 Anxiety .65 .001
Neuroticism 72 .001
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Table 2 Key theoretical steps used in performing path analysis
Model Description df P
1. Model examining Confirmatory factor analysis—loadings 2435 2 0.296
components contributing were pain [0.62], fatigue [0.83],
to the FM construct [pain, confusion [0.45], and sleep [0.82].
fatigue, confusion, and sleep]
Conclusion: Measurement model satisfactory [p=0.30], not significant
2. Full theoretical model Four psychological explanatory 33.98 17 0.008
variables affect both FM and
stress, and stress affects FM.
3. Mediating model with Psychological explanatory 38.93 21 0.010
the effect on stress variables only affect FM through
their effect on stress
ANOVA between full model and mediating model 4.95 4 0.292
Conclusion: Mediating model fits as well as full model, but is not significantly
different [p=0.29] and therefore does not fit.
4. PCOISS did not contribute significantly to either model and was subsequently
removed from further analysis.
5. Full theoretical model After removing confusion, three 32.44 14 0.003
explanatory variables affect both
FM and stress, and stress affects FM.
6. Mediating model with Explanatory variables only affect 36.97 17 0.003
the effect on stress FM through their effect on stress
ANOVA between full model and mediating model 4.528 3 0.210
Conclusion: Mediating model fits as well as full model, but does not fit.
7. Correlation matrix shows lack of fit relates to variable confusion.
8. Full theoretical model After removing confusion from 8.51 8 0.385
the equation, three explanatory
variables reviewed affect both
FM and stress, and stress affects FM
9. Mediating model with Explanatory variables only affect 12.56 11 0.323
the effect on stress FM through their effect on stress
ANOVA 4.05 3 0.256

Conclusion: Mediating model fits as well as full model. Both fit the data but the
mediating model is preferred as the simplest model consistent with the data.

FM fibromyalgia, ANOVA analysis of variance, PCIOSS perceived control of internal states scale

Discussion

We have previously found significant associations between
the core clinical features of fibromyalgia, namely pain, sleep
disturbance, fatigue and stress in a population of females with
fibromyalgia [2, 9—12]. We have also found significant asso-
ciations between certain psychological characteristics within
the same population, and stress [2]. We have shown that psy-
chological variables such as personality, thinking styles, mood
and attitude all associate strongly with clinical features of
fibromyalgia, and also with stress [9, 10, 12]. Additionally,
we have shown that stress also modulates a number of these

key psychological processes and characteristic symptoms in
females with fibromyalgia [2].

In this current study, we explored indicators that potentially
influence the direction of the associated variables in this same
patient population. We proposed a “top-down” model suggest-
ing that psychological variables firstly link to stress and this
stress then subsequently links to the clinical features of fibro-
myalgia. Hence, we proposed that psychological variables act
through stress to associate with symptoms of fibromyalgia.

In this study, we identified pathways that showed certain
psychological variables associated with stress and only through
stress did they associate significantly with fibromyalgia

Table 3 Goodness of fit

characteristics for the preferred Model ¥ a  p GFI AGFI SRMR RMSEA TLI NFI
final structural equation model
Final model 12.56 11 0.32 0.96* 0.91* 0.05* 0.40* 0.99* 0.95%
Acceptable level 0-1 0-1 0.05 .05-.08 0-1 0-1

GFI goodness of fit, AGFI adjusted goodness of fit, SRMR standardized root mean square residual, RMSEA root mean
square error of approximation, 7L/ Tucker-Lewis index, NFI normal fit index, 0 no fit, / perfect fit, * significant,
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Fig. 1 The final preferred model ] ]
showing the loadings linking AnXIety Pain
various elements that associate
with stress and fibromyalgia

0.55 .28

0 36 0.52
0.45 Neuroticism | —J»— Stress Fibromyalgia ) —3— Fatigue
0.59

Mastery|

symptoms. Furthermore, both anxiety and neuroticism showed
a clear association with stress. All elements within the pathway
have a strong face validity based on our observations in clinical
practice where psychological variables are deemed to modulate
fibromyalgia symptoms. The characteristics of these patients
appeared typical of those seen in clinical practice and reported
elsewhere [23, 24]. Additionally, we feel that the scale used to
rate stress in this population appropriately reflects the reaction to
everyday stressors that occur in this population.

Higher scores on the Mastery scale associated with less dis-
tress, with patients perceiving to be more in control of the
situation at hand, but in contrast internal control did not show
a significant link in the final pathway model. The internal con-
trol scale has a higher cognitive influence than the Mastery
scale and may align to the lack of contribution of confusion,
one of the key fibromyalgia symptoms, in the model. Further
studies of the individual components of each of the scales,
rather than the overall validated score that was used in this
current analysis, may help explain this finding.

Limitations of our study include the number of patients
involved in analysis being at the lower level to achieve robust-
ness of modelling using this technique, and this may explain
why the goodness of fit in one domain using the RMSEA was
not in the significant range. Nevertheless, the other four good-
ness of fit appraisals were significant. Additionally, our study
was of cross-sectional design which clearly does not specifi-
cally assess causal effect relationships. However, of the
models that were considered, the most robust one (presented
here) would favour psychological elements which are more
likely to be derived from everyday life events rather than as a
reaction to the condition of fibromyalgia itself.

We feel that appreciation of these associations will aid the
understanding of the pathophysiology of fibromyalgia through
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further studies that link psychological factors involving stress
to objective measures of function in fibromyalgia, such as neu-
roimaging. The clinical management of the person with fibro-
myalgia will be also be improved if the effects of stress, togeth-
er with those psychological factors that enhance or modulate
stress, are addressed proactively in management.

Compliance with ethical standards

Disclosures None.
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