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Abstract

Objective

Health-related quality of life (HRQOL) in patients with fibromyalgia (FM) is lower than in
patients with other chronic diseases and the general population. Although various factors
affect HRQOL, no study has examined a structural equation model of HRQOL as an out-
come variable in FM patients. The present study assessed relationships among physical
function, social factors, psychological factors, and HRQOL, and the effects of these vari-
ables on HRQOL in a hypothesized model using structural equation modeling (SEM).

Methods

HRQOL was measured using SF-36, and the Fibromyalgia Impact Questionnaire (FIQ) was
used to assess physical dysfunction. Social and psychological statuses were assessed
using the Beck Depression Inventory (BDI), the State-Trait Anxiety Inventory (STAI), the
Arthritis Self-Efficacy Scale (ASES), and the Social Support Scale. SEM analysis was used
to test the structural relationships of the model using the AMOS software.

Results

Of the 336 patients, 301 (89.6%) were women with an average age of 47.9+10.9 years. The
SEM results supported the hypothesized structural model (2 = 2.336, df = 3, p = 0.506).

PLOS ONE | DOI:10.1371/journal.pone.0171186 February 3, 2017 1/12


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0171186&domain=pdf&date_stamp=2017-02-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0171186&domain=pdf&date_stamp=2017-02-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0171186&domain=pdf&date_stamp=2017-02-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0171186&domain=pdf&date_stamp=2017-02-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0171186&domain=pdf&date_stamp=2017-02-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0171186&domain=pdf&date_stamp=2017-02-03
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

@° PLOS | ONE

Determinants of QOL in FM

The final model showed that Physical Component Summary (PCS) was directly related to
self-efficacy and inversely related to FIQ, and that Mental Component Summary (MCS) was
inversely related to FIQ, BDI, and STAI.

Conclusions

In our model of FM patients, HRQOL was affected by physical, social, and psychological
variables. In these patients, higher levels of physical function and self-efficacy can improve
the PCS of HRQOL, while physical function, depression, and anxiety negatively affect the
MCS of HRQOL.

Introduction

Fibromyalgia (FM) is a relatively common syndrome, characterized by chronic widespread
musculoskeletal pain, accompanied by various somatic and psychological symptoms [1]. The
prevalence of FM has been estimated to range from 2% to 7% [2, 3]. FM patients describe
diverse clinical manifestations, including fatigue, sleep disturbances, stiffness, skin tenderness,
post-exertional pain, irritable bowel syndrome, cognitive disturbance, irritable bladder syn-
drome, headaches, dizziness, fluid retention, paresthesias, restless legs, and mood disturbances.
These long-term somatic and psychological symptoms may lead to the deterioration of health-
related quality of life (HRQOL).

HRQOL is an emerging issue in FM. Previous studies have compared FM patients with
other subjects and have found that FM patients have a worse health status than patients with
other chronic diseases, including osteoarthritis, rheumatoid arthritis, systemic lupus erythe-
matosus, myocardial infarction, chronic obstructive pulmonary disease, congestive heart fail-
ure, hypertension, and diabetes, as well as healthy control subjects [4-10].

Several studies have investigated the impacts of socio-demographic, clinical, and psycholog-
ical factors on HRQOL in patients with FM. In female FM patients, it was found that those
patients who were employed reported a better state of health than those who were not [11, 12].
In a Spanish cohort, socio-demographic characteristics, such as the number of children, age,
educational level, and concomitant rheumatologic diseases, showed an association with QOL
[13]. A Turkish study investigated the relationships between QOL and a variety of variables,
including socio-demographic factors, a visual analog scale (VAS) for pain, the Beck depression
inventory (BDI), the tender points count (TPC), and the fibromyalgia impact questionnaire
(FIQ). In this study, VAS and BDI scores were found to be negatively correlated with QOL;
however, TPC did not correlate with QOL [14]. The influence of anxiety, self-efficacy, and
social support on HRQOL has also been demonstrated in previous reports [13, 15-17].

However, no previous study has systematically investigated the relationship between
HRQOL and numerous FM-related factors, including depression, anxiety, self-efficacy, and
social support. Such a variety of variables enable a more reliable description of the results than
single measures alone. This study is unique, therefore, in that it systemically investigated the
relationship between HRQOL and the variables described above. Furthermore, previous stud-
ies have demonstrated such relationships through the use of only a simple correlation or a
regression analysis method. The focus of regression analysis is on the relationships between a
dependent variable and several independent variables. In that case, the model could expect to
determine direct effects only from the independent variables to a dependent variable, rather
than the indirect effects and interrelationships of the independent variables. In addition, the
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regression method can give misleading results regarding causality between variables. In the
case of the higher-order factor model, multiple dependent variables exist; therefore, the regres-
sion method could not analyze all variables at one time.

Structural equation modeling (SEM), a unification of statistical techniques including path
analysis, confirmatory factor analysis, and regression analysis, enables analysis of the interrela-
tionships of independent variables and their indirect effects through other variables. SEM
offers a more complex and diverse network of variables by including latent variables as well as
observed ones. Thus, investigators can simultaneously analyze numerous factors affecting
HRQOL using SEM. Because HRQOL is affected by various factors, SEM is an appropriate
method for analysis.

Thus, in this study we used SEM for a comprehensive and persuasive analysis of HRQOL of
FM patients for the first time. The present study assessed 1) relationships among physical func-
tion, social factors, psychological factors and HRQOL, and 2) the effects of these variables on
HRQOL in a hypothesized model using a SEM approach.

Materials and methods
Study design

This observational study forms part of a prospective designed study, the ‘Korean Nationwide
Fibromyalgia Epidemiologic Survey’ (KNFES), which is a well-characterized long-term follow-
up cohort of fibromyalgia patients. KNFES investigates HRQOL and associated factors, such
as demographics, socioeconomics, physical function, psychological function, and health status.
The survey is scheduled to be followed up at 1-year intervals. It was conducted at 10 tertiary
centers across the Republic of Korea and this research complied with the Helsinki Declaration.
All subjects provided written informed consent at the time of enrollment.

The Institutional Review Board (IRB)/Ethics Committee at 6 each medical center approved
the protocol for this study; the IRB of Chonnam National University Hospital (IRB number:
2010-03-058), the Ethics Committee Soonchunhyang University, College of Medicine, Cheo-
nan, Korea (IRB number: SCHCA_IRB_2011-27), the IRB of Kyung Hee University Hospital
(IRB number: 0850-08), the IRB of Daegu Catholic University Medical Center (IRB number:
CR-09-089) the IRB of Maryknoll Medical center (IRB number: MMC.2008/8/14-5(43)).

This study was preceded by a cross-sectional analysis using the initial data from the
KNFES. These data were collected between February 2008 and August 2009. To initiate our
study, we first obtained a research consent form from each patient and then interviewed par-
ticipants about their demographic and socioeconomic status using a systematic case report
form. A physical examination was then performed by a trained rheumatologist and partici-
pants were asked to complete self-reporting questionnaires regarding HRQOL and associated
variables. Finally, we analyzed the relationships among socio-demographic status, physical
function, psychological factors, and HRQOL using SEM.

Patient population

In total, 336 patients were registered for the KNFES. All of the patients were diagnosed with
FM based on the 1990 American College of Rheumatology criteria [18], which were: 1) wide-
spread pain in combination with 2) tenderness at 11 or more of 18 specific tender point sites.
We included established FM patients as well as newly diagnosed ones. The patients had suffi-
cient physical and psychological capacity to complete the self-reporting questionnaires.
Patients who were illiterate or had limited vision received help from a trained clinical research
nurse and rheumatologist. Among the 10 medical centers, some of the tertiary centers are
located in metropolitan areas, while others are located in more rural areas. Thus, the
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distribution of patients according to region was generally even. Patients were administered
medications, such as selective serotonin reuptake inhibitors (SSRI), serotonin-norepinephrine
reuptake inhibitors (SNRI), pregabalin, gabapentin, tricyclic antidepressants, nonsteroidal
anti-inflammatory drugs (NSAID), tramadol, acetaminophen, benzodiazepine, and muscle
relaxants, depending on their symptoms.

Variables

Demographic characteristics, including age, gender, duration of symptoms (years), years since
the diagnosis of FM, alcohol intake, smoking status, body mass index (kg/m?), and underlying
diseases (diabetes mellitus, hypertension, affective disorder and rheumatologic disorders),
were assessed from a case report form and a review of the medical records. The patients’ socio-
economic status, such as number of years of education, marital status, and annual income,
were also collected using the case report form. The duration of symptoms denotes the number
of years from the time when FM symptoms (such as general weakness, poor sleep, fatigue,
headache, esophageal dysmotility, irritable bowel syndrome, irritable bladder syndrome, and
stiffness) first occurred. Alcohol intake and smoking status were identified at the time of
enrollment into this study. Smoking status was classified as current smokers (smoked > 100
cigarettes in their lifetime and currently a smoker) and non-current smokers (smoked < 100
cigarettes in their lifetime and not currently smoking). Alcohol consumption (within the past
12 months) was classified as current drinkers and non-current drinkers. Body mass index
(BMI), body weight divided by the square of height (kg/m?), was calculated at the time of
enrollment. Height was measured to the nearest 0.1 cm, and weight was recorded to the near-
est 0.1 kg. We categorized patients as having an underlying disease in cases where medication
had been administered. Patients” annual income was calculated as the sum of the household
income.

A physical examination was performed to assess the number and score of tender points at
the time of enrollment. Examination of tender points was evaluated by a rheumatologist
according to the standardized manual tender point survey [19]. The number of tender points
was calculated by summing the count of tender points, and the tender point score was calcu-
lated as the sum of the score for each tender point: no pain = 0, tender when asked = 1, sponta-
neous verbal response = 2, and withdrawal = 3. Thus, the number of tender points ranged
from 0 to 18, and the tender point scores ranged from 0 to 54.

To assess the physical/psychological variables and HRQOL, the FIQ, BD], State-Trait Anxi-
ety Inventory (STAI), Arthritis Self-Efficacy Scale (ASES), and Social Support and Short Form
36 (SF-36) health surveys were used. To evaluate physical function and health status, the
Korean version of FIQ [20], which is a translated and validated version of FIQ, modified by us
in 2002, was used. The Korean FIQ contains 10 items with a further 10 sub-items and the max-
imum score has been adjusted to 100. A higher score indicates a more negative impact. The
BDI comprises 21 multiple-choice self-reporting questions for measuring the severity of
depression [21]. Each question is assigned a value between 0 and 3 and the maximum total
score is 63. STAI measures state anxiety (STAI-I, anxiety about an event) and trait anxiety
(STAI-II, anxiety level as a personal characteristic) [22]. The two inventories of anxiety are
composed of 20 items scored with a value from 1 to 4. Thus, the total score range is from 20 to
80. ASES was used to evaluate health behaviors such as physical activity, eating behaviors, and
pain-coping strategies [23, 24]. It consists of three subscales: self-efficacy for pain management
(3 items), self-efficacy for function (5 items), and self-efficacy for controlling other symptoms
(6 items). Each item is scored from 1 (very uncertain) to 10 (very certain). Social family sup-
port was assessed to address the perception of social support adequacy from the family [25].
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Finally, we used the Korean version of SF-36 v2 to assess HRQOL [26]. This is composed of
eight scales, containing 2-10 items each and eight scales are grouped into two components of
health status: a physical component summary and a mental component summary. The physi-
cal component summary (PCS) includes four scales, such as physical functioning, role-physi-
cal, bodily pain, and general health perceptions. The mental component summary (MCS) also
includes four scales: vitality, role-emotional, social functioning, and mental health.

Statistical analysis

Data are described as means + standard deviations and numbers with percentage (%) of cases.
The Pearson correlation coefficient was calculated to evaluate the relationships among the var-
iables. Structural equation modeling, a type of multivariate analysis, was applied to evaluate
the relationships among socio-demographic status, physical function, social and psychological
factors, and HRQOL. Additionally, the effects of physical, psychological, and social influences
on HRQOL were evaluated by Analysis of Moment Structure (AMOS; ver. 16.0). After regres-
sion analysis was completed, the total, direct, and indirect effects of variables to the PCS/MCS
were calculated using the standardized regression weights for each pathway.

The model fit was tested to determine the “goodness-of-fit” between the hypothesized
model and the data through the use of several methods; xz statistics and root-mean-squared
error of approximation (RMSEA) were used as absolute fit measures. x> (p > 0.05) can suggest
a good match between data and a hypothesized model. The ratio of ¥° to the degrees of free-
dom (df) value < 2 (X2/ df < 2) is also considered to be a good fit of the model. A RMSEA
value < 0.05 is another indicator of a good fit. The normed fit index (NFI), relative fit index
(RFI), incremental fit index (IFI), Tucker-Lewis index (TLI) and comparative fit index (CFI)
were used as incremental fit measures. An incremental fit measure value > 0.9 indicated a
‘good’ fit for the model. Parsimonious normed-of-fit index (PNFI) and parsimonious compar-
ative fit index (PCFI) were used as parsimonious fit measures. A value > 0.05 was considered
reasonable for a good model fit.

Results
Sample characteristics

In total, 336 patients, aged between 13 and 75 years, with FM were investigated (S1 File). Of
them, 301 (89.6%) were females with a mean age of 47.9 years. The average symptom duration
was 8.31 years, and the average period of time since diagnosis of FM was 2.00 years. Of the
patients, 81.3% were married, and the mean annual income was 32,940,000 Korean won
(29,570 USD). About one-fourth of patients had an underlying disorder, such as an affective or
rheumatologic disorder (26.5% and 26.2%, respectively). The mean number of tender points
was 13.97and the tender point score was 27.03. The mean FIQ, BDI, STAI-I, STAI-II, Self-effi-
cacy and Social Support scores were 59.73, 18.89, 49.03, 51.29, 729.10, and 38.43, respectively.
The mean PCS and MCS SF-36 scores were 35.86 and 33.67, respectively (Table 1).

Correlation coefficients

Pearson correlation coefficients for the measured variables are presented in Table 2. FIQ was
found to be directly correlated with BDI, STAI-I, and STAI-II and inversely correlated with
Self-efficacy, Social Support, PCS, and MCS. BDI was directly correlated with STAI-I, and
STAI-II and inversely correlated with Self-efficacy, Social Support, PCS, and MCS. STAI-I and
STAI-II were found to be inversely correlated with Self-efficacy, Social Support, PCS, and
MCS, respectively. Self-efficacy was directly correlated with Social Support, PCS, and MCS.
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Table 1. Baseline demographic and clinical characteristics of 336 patients with fiboromyalgia.

Age, years 47.94+10.86
Female (%) 301 (89.6)
Symptom duration, years 8.3118.06
Disease duration, years 2.00+3.03
Alcohol (%) 105 (31.2)
Smoking (%) 48 (14.3)
Education, years 11.01+4.00
Marital status (%) 273(81.3)
Annual income, million Korean won 32.94+32.15
thousand US dollars 29.57+28.86
Body mass index, kg/m? 22.82+3.39
Diabetes mellitus (%) 20 (6.0)
Hypertension (%) 59 (17.6)
Affective disorder (%) 89 (26.5)
Rheumatologic disorder (%) 88 (26.2)
Tender point, number 13.97+4.00
Tender point, score 27.03+13.35
FlQ 59.73+18.36
BDI 18.89+10.64
STAI-| 49.03+12.05
STAI-II 51.29+11.27
Self-efficacy 729.10+268.69
Social support-family 38.43t7.40
SF-36, physical component 35.86+7.49
SF-36, mental component 33.67+11.84

FM: fibromyalgia, FIQ: Fibromyalgia Impact Questionnaire, BDI: Beck Depression Inventory, STAI: State-
Trait Anxiety Inventory, SF-36: Short-Form Health Survey.
Data are shown as means + standard deviation.

doi:10.1371/journal.pone.0171186.t001

Table 2. Correlations between structural parameters.

FIQ BDI STAI-I STAI-II Self- efficacy Social support PCS MCS
FIQ 1
BDI 0.511%* 1
STAI-I 0.433** 0.671** 1
STAI-II 0.430** 0.701** 0.688** 1
Self-efficacy -0.431** -0.508** -0.411%** -0.463** 1
Social support -0.146%* -0.264** -0.247%* -0.243** 0.235%* 1
PCS -0.475%* -0.294** -0.229** -0.207** 0.478%* 0.064 1
MCS -0.587** -0.630** -0.564** -0.600** 0.422%* 0.208** 0.125% 1
*p<0.05,
**p<0.01.

FIQ: Fibromyalgia Impact Questionnaire, BDI: Beck Depression Inventory, STAI: State-Trait Anxiety Inventory, PCS: physical component summary, MCS:
mental component summary.

doi:10.1371/journal.pone.0171186.t002
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Table 3. Regression weights between structural parameters.

Nonstandardized estimate Standardized estimate SE CR Pvalue
MCS — FIQ -0.195 -0.302 0.046 -4.233 <0.0011***
MCS «— BDI -0.268 -0.241 0.066 -4.035 <0.0011***
MCS « STAI-I -0.114 -0.116 0.056 -2.044 0.041%*
MCS «— STAI-lI -0.217 -0.207 0.061 -3.542 <0.0011***
MCS « Social support 0.016 0.010 0.064 0.257 0.797
PCS — FIQ -0.180 -0.440 0.030 -6.067 <0.001***
PCS « Self-efficacy 0.011 0.380 0.001 7.158 <0.001***
PCS — MCS -0.139 -0.220 0.069 -2.005 0.045*
MCS — PCS 0.064 0.041 0.195 0.329 0.742
*p<0.05,
**%p<0.001

MCS: mental component summary, PCS: physical component summary, FIQ: Fibromyalgia Impact Questionnaire, BDI: Beck Depression Inventory, STAI:
State-Trait Anxiety Inventory, SE: standard error, CR: critical ratio.

doi:10.1371/journal.pone.0171186.t003

Social Support was directly correlated with MCS. Finally, PCS was directly correlated with
MCs.

Structural equation modeling

The overall fit of our model was found to be acceptable. We obtained ° = 2.336, df = 3, x°/
df =0.778, p = 0.506, RMSEA < 0.001 (90% CI = 0.000-0.084) as absolute fit measures,
NFI = 0.998, RFI = 0.917, IFI = 0.947, TLI = 0.936, CFI = 1.000 as incremental fit measures,
and PNFI = 0.083, PCFI = 0.083 as parsimonious fit measures.

From the regression analysis, FIQ and ASES were found to be related to the PCS of SF-36.
For the MCS, FIQ, BDI, STAI-I, and STAI-II were significantly related. Within SF-36, the
mental component showed a negative association with the physical component (Table 3).

Fig 1 and Table 4 illustrate the relationship between the structural parameters. The physical
component can be seen to be directly related to Self-efficacy (B = 0.380, p < 0.001) and
inversely related to FIQ (B = -0.440, p < 0.001). The mental component was inversely related
to FIQ (B =-0.302, p < 0.001), BDI (B =-0.241, p < 0.001), STAI-I (B =-0.116, p = 0.041), and
STAI-II (B = -0.207, p < 0.001).

Squared multiple correlations were 0.38 in the PCS and 0.52 in the MCS. Thus, our model
accounted for 38% of the variance in physical QOL and 52% of the variance in mental QOL.

Discussion

In this study, we provide a comprehensive model that illustrates the relationships between
diverse variables and HRQOL in patients with FM. A higher FIQ score (i.e., poorer physical
function, overall impact and disease severity) leads to a poorer physical component of
HRQOL. However, higher self-efficacy, including physical activity, eating behaviors, and pain
coping strategies, leads to a more favorable physical component. A higher FIQ score also has a
direct negative effect on the mental component of HRQOL. Higher levels of depression and
anxiety were found to be significantly negatively related to the mental component of HRQOL.
Our current study is of importance because we investigated several questionnaires related
to QOL with a large number of FM patients, and established relationships among variables
simultaneously using a SEM approach. To our knowledge, the methodology of SEM has not
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FIQ

> 0.51

BDI

:> 0.68

STAI-I

:>0.69

STAI-II

) -0.47

Self-efficacy

D 0.24

Social support

0.38

PCS

-0.15 -0.04

Fig 1. Significant pathways of the final model. FIQ: Fibromyalgia Impact Questionnaire, BDI: Beck Depression Inventory, STAI: State-
Trait Anxiety Inventory, PCS: physical component summary, MCS: mental component summary.

doi:10.1371/journal.pone.0171186.9001

been applied before to the HRQOL of FM patients. Most previous studies on the HRQOL of
FM used a correlation method to analyze the data from subscales of SF-36, unlike our study.
Although this methodological difference can cause different results in this study, compared
with previous studies, we believe that our model is unique in showing relationships to identify
any effects on QOL in the complex network of QOL factors.

In this study, we found that FIQ and self-efficacy had a direct effect on the physical compo-
nent of QOL. FIQ is well-known for its validated index, which reflects physical function and
health status in FM. Birtane et al. showed that the total FIQ score correlated significantly with
physical functioning, role-physical, and bodily pain of the physical component of SF-36 [4].
Tander et al. also reported a correlation between the total FIQ score and physical function,
bodily pain, and general health of the physical component [14]. Although these studies were
observational studies to investigate simple associations, FIQ seems to be associated with the
physical component of QOL, and we were able to provide this association, apparently, by the
SEM approach in this current study.

Table 4. Total, direct, and indirect effects of independent variables on dependent variables.

Effect FlQ BDI STAI- STAI-I Self -efficacy Social support PCS MCS

PCS Total -0.370 0.053 0.025 0.045 0.377 -0.002 -0.009 -0.218
Direct -0.440 0.000 0.000 0.000 0.380 0.000 0.000 -0.220

Indirect 0.070 0.053 0.025 0.045 -0.003 -0.002 -0.009 0.002
MCS Total -0.317 -0.239 -0.115 -0.206 0.015 0.010 0.040 -0.009
Direct -0.302 -0.241 -0.116 -0.207 0.000 0.010 0.041 0.000
Indirect -0.015 0.002 0.001 0.002 0.015 0.000 0.000 -0.009

PCS: physical component summary, MCS: mental component summary, FIQ: Fibromyalgia Impact Questionnaire, BDI: Beck Depression Inventory, STAI:
State-Trait Anxiety Inventory.

doi:10.1371/journal.pone.0171186.1004
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Regarding self-efficacy, several reports have demonstrated an association between self-effi-
cacy and QOL. Borsbo et al. showed that higher self-efficacy was associated with better QOL,
better general health, and less pain in chronic pain patients, including spinal cord injury-
related pain, whiplash-associated disorders, and FM [27]. In a study by Burckhardt et al., the
Quality of Life Scale was found to be positively associated with ASES [17]. These findings are
in accordance with our results, describing an association between self-efficacy and the physical
component of QOL. Self-efficacy is defined as “belief in one’s capability to organize and exe-
cute the courses of action required to manage prospective situations” and the factors affecting
it have been identified as performance accomplishments, vicarious experiences, verbal persua-
sion, and physiological states [28]. According to this definition, comprehensive treatment pro-
grams regarding these factors are necessary to enhance self-efficacy in FM patients. Non-
pharmacological and self-management strategies need to be combined with pharmacological
treatment, to support self-efficacy and finally improve the HRQOL. In a meta-analysis of cog-
nitive behavioral therapy (CBT) in FM patients, there was a significant effect on self-efficacy at
post-treatment and at follow-up, although key symptoms of FM (pain, fatigue, and sleep dis-
turbance) were not improved at post-treatment or at follow-up [29]. Thus, CBT can be consid-
ered as a non-pharmacological therapeutic option to improve self-efficacy in these patients.

In this study, we found that FIQ, BDI, and STAI had a direct effect on the mental compo-
nent of QOL. In particular, the association between FIQ and the mental component in FM in
the present study is noteworthy. In contrast with the association of FIQ with the physical com-
ponent, previous studies on the effect of FIQ on the mental component are quite controversial.
Although Birtane et al. [4] found no significant association between the total FIQ score and
the mental component, Tander et al. [14] showed a negative correlation between the total FIQ
score and only the social function and vitality sections of the mental component. Considering
that both studies recruited only 30 patients to investigate this association and undertook analy-
sis using the correlation coefficient between these variables, we believe that our SEM modeling
provides a greater degree of solid evidence supporting the impact of FIQ on mental QOL.
From a biopsychosocial perspective, the physical aspect of chronic pain can precede and lead
to the development of a variety of mental health problems, such as depression and anxiety.
Thus, it seems logical to say that chronic pain in FM can alter the physical functioning of these
patients and physical dysfunction in FM can affect the mental aspects related to QOL. Our
findings highlight the importance of multidisciplinary treatment, including pharmacological
and non-pharmacological interventions, in these patients to reduce pain and improve QOL,
which has also been shown to benefit patient outcomes [30].

We showed that depression and anxiety, as measured by the BDI and STAI, have a direct
effect on the mental component of QOL. Given the epidemiological and pathophysiological
similarities, it is unsurprising that recent data, including systematic reviews, indicate that
depression, anxiety, and FM tend to occur as comorbid conditions [31]. Several studies have
shown that depression and anxiety comorbidity predispose FM patients to lifestyles that
adversely impact its clinical course, work capacity, and HRQOL [14, 32-34]. Considering that
depression and anxiety appear as explanatory variables of the mental component of SF-36, the
association of depression and anxiety with the mental component is relatively straightforward.
The implication for clinicians managing FM patients is that we need to address psychological
distress, by pharmacological treatments (e.g., duloxetine, milnacipran, and pregabalin), non-
pharmacological interventions (e.g., exercise, CBT, and psychotherapy), or both [35]. Identify-
ing factors that determine the extent of its impact on HRQOL will allow the design of more
effective therapeutic strategies.

There are several limitations in the interpretation of our data. First, our observational study
design is a limiting factor. Although our registry was designed for prospective research, our
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study is cross-sectional. Therefore, further longitudinal study is needed to establish causality.
Second, because the surveys were conducted at tertiary centers, the patients’ living standards
and their ability to access a tertiary center may have biased enrollment to favor patients with a
more severe level of disease. Third, there was one 13-year-old patient in our sample; the other
patients were all over 18 years old. When we analyzed the SEM excluding the 13-year-old, the
results did not differ from the original final model. Fourth, medications were not quantified in
our analysis. To enhance the parsimonious fit index, we could not include all of the parameters
in our model. Consequently, medications might prove to be a considerable limitation of this
study. Finally, FM patients with accompanying diseases, such as diabetes mellitus, hyperten-
sion, affective disorders, and rheumatologic disorders, are a confounding factor. Several
reports have suggested that patients with diseases such as diabetes mellitus, hypertension, car-
diovascular disease, rheumatoid arthritis, and ankylosing spondylitis showed lower QOL than
healthy controls alone [36-38]. In our data, 185 patients had accompanying underlying dis-
eases, 61 of whom had more than two comorbidities. Thus, the presence of comorbidities and
their effects might prove to be a considerable limitation of this study.

In conclusion, HRQOL in FM patients was affected by physical, social, and psychological
variables in our structural equation model. Higher physical function and higher self-efficacy
may all improve the physical component of HRQOL, and better physical function and lower
levels of depression and anxiety may directly improve the mental component of HRQOL.
These findings underscore that physicians should initially evaluate physical function, activity,
behaviors, coping strategies, and concurrent psychological illness, including depression and
anxiety, by analyzing questionnaires related to these areas, as well as reviewing FM-related
symptoms in the clinic.

Supporting information

S1 File. Supporting information exel file. Raw data on patients with fibromyalgia in this
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