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Abstract: Background Fibromyalgia (FM) is a complex disorder characterized by chronic widespread
pain and significant patient burden. Patients with chronic hepatitis C are reportedly predisposed to the
development of FM. Direct-acting antiviral drugs (DAA) achieved a remarkable therapeutic efficacy
in CHC patients. We therefore investigated the impact of DAA on FM symptoms in CHC patients.
Methods We enrolled consecutive CHC patients who received DAA. FM symptoms were evaluated
based on the 2016 American College of Rheumatology (ACR) fibromyalgia scale at baseline and
12 and 24 weeks after cessation of DAA therapy. Logistic regression was performed to determine the
influence of HCV on FM at baseline. We also recruited individuals who underwent a health checkup
examination as the control group, and calculated the standardized prevalence ratio of FM in CHC
patients. Comparisons of fibromyalgia in different time points were undertaken using the Wilcoxon
signed-rank test. Results A total of 33 CHC patients (15 males and 18 females) and 402 controls
were recruited. All CHC patients achieved sustained virological response. Two (6%) patients and
two (0.5%) controls fulfilled the diagnostic criteria for FM, and the standardized prevalence ratio
was 23.9 in CHC patients. Logistic regression also showed increased odds for FM in CHC patients
after adjusting for age and sex (OR: 14.4; 95%CI: 1.6, 128.0). In addition, their fibromyalgianess scale
decreased at 12 and 24 weeks after DAA therapy. In conclusion, CHC patients were more likely to
develop FM. Implementation of DAA therapy might improve FM symptoms in these patients.

Keywords: direct-acting antiviral drugs; fibromyalgia; hepatitis C; pain

1. Introduction

Fibromyalgia (FM) is a complex disorder characterized by chronic widespread pain
and accompanying sleep problems, fatigue and cognitive dysfunction [1]. Epidemiological
data showed that the prevalence of FM in the general population is 1-2% and leads to
impaired quality of life in affected patients [1]. To date, the disease pathogenesis is not
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fully elucidated and treatment is far from satisfactory [2]. Dysfunctional processing of pain
in the brain has been speculated to be involved in the pathogenesis of FM. In addition,
previous studies revealed increased circulating levels of pro-inflammatory cytokines, such
as interleukin-1R antibody (IL-1Ra), IL-6 and IL-8, in FM patients [3,4]. IL-6 could induce
hyperalgesia, fatigue and depression, while IL-8 promotes sympathetic pain. Therefore,
the dysregulation of these cytokines may play a role in the generation of FM symptoms.

Several rheumatic and infectious diseases have concomitant FM [5,6]. Studies have
found an increased prevalence of FM in patients with chronic hepatitis C (CHC) when
compared with healthy controls [7-10]. The prevalence of FM was reported to be 8-19% in
CHC patients. These findings might be explained by the production of pro-inflammatory
cytokines in these patients. Indeed, previous studies revealed increased levels of pro-
inflammatory cytokines, including IL-6 and IL-8, in patients with CHC [11,12]. Furthermore,
chronic infection per se has been postulated to be associated with a maladaptive behavior
pattern, which in turn causes anxiety, sleep disturbance and physical deconditioning. These
factors may also predispose individuals to the development of FM [13]. Nevertheless, there
exists the knowledge gap with respect to the pathogenic mechanism of FM symptoms in
CHC patients.

CHC is endemic in Taiwan [14,15]. However, the prevalence of FM in Taiwanese
CHC patients has not been investigated. Recent emergence of the direct-acting antiviral
drugs (DAA) has revolutionized the management of CHC [16,17]. DAA are associated
with a remarkable virologic response, which in turn leads to a reduction in liver-related
morbidities, the incidence of hepatocellular carcinoma, the need for liver transplantation
and mortality. CHC is associated with a variety of extrahepatic manifestations, including
cryoglobulinemia and arthritis, among others [18]. Previous studies have demonstrated an
improvement of extrahepatic manifestations after treatment with DAA in CHC patients [19].
Universal reimbursement for DAA in CHC patients has been implemented in the national
health insurance system of Taiwan since June 2019. We hypothesized that FM is more
prevalent in Taiwanese CHC patients when compared with the general population and
that treatment with DAA could improve FM symptoms in these patients. Therefore, we
aim to investigate concomitant FM in Taiwanese CHC patients who received DAA.

2. Materials and Methods
2.1. Study Participants

We recruited consecutive CHC patients before they received DAA at our Division of
Gastroenterology and Hepatology from March 2020 through January 2022. Patients with
concurrent human immunodeficiency virus infection were excluded from the study. The
sustained virologic response was defined as an undetectable viral level 12 weeks after the
cessation of DAA therapy. We also recruited individuals who underwent a health checkup
examination at our hospital from November 2020 through January 2021 to estimate the
prevalence of FM in the general population. This study complied with the Declaration of
Helsinki and was approved by the Institutional Review Board of Taichung Veterans General
Hospital (approval No. CE20052A and CE20279B). All participants were Han Chinese and
received a complete explanation of the study and provided written informed consent.

2.2. Liver Function Test and Hepatitis C Virus (HCV) Viral Loads

Serum levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
were determined by spectrophotometry (Fujifilm, Osaka, Japan). The upper limit of normal
range is 35 U/L for ALT and 38 U/L for AST. Serum HCV DNA was extracted using a
High Pure Viral Nucleic Acid kit (Roche, Mannheim, Germany) and then quantified by
Roche Cobas TagMan HCV Test (Roche Diagnostics, Basel, Switzerland).

2.3. Serum Levels of Inflammatory Cytokines in CHC Patients

Serum levels of IL-6 and IL-8 were measured by the Quantikine HS and QuantiGlo
enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis, MN, USA).
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2.4. Evaluation of Concomitant Fibromyalgia in CHC Patients

Each subject was asked to complete a questionnaire comprising of the 2016 revision to
the 2010/2011 American College of Rheumatology (ACR) criteria for fibromyalgia [20-22].
The questionnaire is meant to be used in epidemiological research to diagnose FM. The
questionnaire is composed of two parts: the widespread pain index (WPI) and the symptom
severity (SS) score. WPI delineates the extent of body pain, while SS score describes
the associated symptoms, including cognitive symptoms, fatigue, waking unrefreshed,
headache, pain or cramps in lower abdomen and depression. The WPI > 7 and SS score > 5
or WPI 3 to 6 and SS score > 9 fulfills for the diagnosis of FM given that pain is generalized
(at least 4 of 5 regions) and present for at least 3 months. We also summed the WPI and SS
score together to obtain the fibromyalgianess scale, which represents the severity of FM
symptoms [21]. The fibromyalgianess scale is used to estimate the severity of FM symptoms
(polysymptomatic distress) in an individual regardless of whether he/she fulfils the FM
diagnostic criteria, and is well correlated with physical function and quality of life [23]. The
2011/2016 ACR FM criteria questionnaire was re-administered 12 and 24 weeks after DAA
therapy in CHC patients.

The validated Chinese version of revised Fibromyalgia Impact Questionnaire (FIQR)
(Cronbach’s «: 0.95 in 103 Taiwanese FM patients; Whei-Mei Shih, personal communication)
was used to evaluate relevant symptoms, functional impairment and the well-being of
patients within recent week in FM patients [24]. It is comprised of 21 questions and the
maximum FIQR score is 100. For CHC patients who fulfilled the diagnosis of FM based
on the 2011/2016 ACR criteria, FIQR was administered at baseline and 12 weeks after
cessation of DAA therapy.

2.5. Statistical Analysis

Numerical data were presented as mean =+ standard deviation (SD) if normally dis-
tributed and median plus interquartile range (IQR) if not. Categorical data were presented
as the percentage. Comparisons between groups on numerical variables were undertaken
using the Student’s ¢ test if normally distributed and using the Mann—-Whitney U test if
not. Categorical variables were compared between groups using the chi square test. The
Fisher’s exact test is undertaken instead if there is at least one cell in the contingency
table of the expected frequencies below 5. Comparisons of numerical variables in different
time points were undertaken using the Wilcoxon signed-rank test. Logistic regression was
performed to determine the influence of HCV on FM at baseline, adjusting for age and sex.
The standardized prevalence ratio for FM was calculated for CHC patients based on the
age and sex distributions of Taiwanese population (2021 census data) and the prevalence
of FM in age- and sex-specific strata derived from either the CHC patients or the control
group. All statistical analyses were performed using Stata, version 14.0 (StataCorp, College
Station, TX, USA).

3. Results
3.1. Baseline Characteristics

The study participants’ baseline characteristics are presented in Table 1. A total of
33 CHC patients (15 males and 18 females) received DAA. Most (73%) of them received
sofosbuvir-velpatasvir. Their median serum ALT/AST levels were 44 (IQR: 35, 106) and
43 (IQR: 27, 77) U/L, respectively. The median HCV viral load was 3.3 x 10° (IQR: 1.5 x 106,
6.5 x 10°) TU/mL. In terms of complications, 4 (12%) had liver cirrhosis and 2 (6%) had
hepatocellular carcinoma. All of them achieved sustained virologic response. The virus
clearance was maintained through 24 weeks after cessation of DAA therapy in all patients. We
also recruited 402 individual (185 females and 217 males) as the control group. CHC patients
were older than the control group (mean age: 58 vs. 48 years). The body mass index and
proportion of co-morbid rheumatic diseases was similar between these two groups. One (3%)
of the CHC patients had co-morbid systemic lupus erythematosus, manifested as leukopenia
and thrombocytopenia.
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Table 1. Baseline characteristics of study participants.
CHC Patients The Control Group
(n=33) (n = 402)
Age, mean (SD) * 58 (11) 48 (13)
Body mass index, median (IQR) 24.2 (22.5,26.8) 23.7 (21.4, 26.2)
Female sex, n (%) 18 (55) 185 (46)
Rheumatic diseases, n (%) 1(3) 13 (3)
Chronic hepatitis C, n (%) 33 (100) 2(0.5)
, . 3.3 x 10°
HCV viral load, median (IQR) (IU/mL) (IOR: 1.5 % 105, 6.5 x 105) N.A.
Direct-acting antiviral drugs, n (%)
Sofosbuvir-velpatasvir 24 (73) N.A.
Glecaprevir-pibrentasvir 6 (18) N.A.
Elbasvir-grazoprevir 309 N.A.

CHC, chronic hepatitis C; N.A., not available. * p < 0.05.

3.2. The Prevalence of FM in CHC Patients and the Control Group at Baseline

Two individuals fulfilled the diagnosis of FM in CHC patients and in the control
group, respectively. The prevalence of FM was 6% in CHC patients, significantly higher
than that (0.5%) in the control group by the Fisher’s exact test. Nonetheless, the fibromyal-
gianess scale was not higher in CHC patients when compared with that in the control group
(Figure 1), although these patients had worse cognitive symptoms (Table S1). Logistic regres-
sion also showed an increased odds for FM in CHC patients after adjusting for age and sex
(OR: 14.4; 95%CI: 1.6, 128.0). The standardized prevalence ratio for FM in CHC patients based
on the prevalence of FM derived from the control group was 23.9 (95%CI: 2.9, 86).
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Figure 1. Comparison of fibromyalgianess between CHC patients at baseline and controls.
CHC, chronic hepatitis C.

3.3. Factors Associated with FM in CHC Patients at Baseline

As shown in Figure 2, there was a trend toward an increase in serum levels of IL-6
and IL-8 in CHC patients with FM when compared with those patients without FM (both
p = 0.05). CHC patients with FM had higher liver function tests (serum levels of ALT and
AST) when compared with those patients without FM, although statistical significance was
not achieved (both p = 0.08). There was no difference in demographic characteristics and
the base 10 logarithm of HCV viral loads between CHC patients with and without FM
(Table 2). To be noted, one of the CHC patients with FM had the highest body mass index
(35.1) among all CHC patients.
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Table 2. Baseline characteristics between CHC patients with and without fibromyalgia.
CHC Patients with Fibromyalgia CHC Patients without Fibromyalgia
(n=2) (n =31)
Age 55 58 (48, 64)
Body mass index 30.5 24.2 (21.6, 26.8)
Female sex, n (%) 1 (50) 17 (55)
Serum levels of alanine
aminotransferase (U/L) 172 43(32,97)
Serum levels of aspartate
aminotransferase (U/L) 127 42.(26,69)
. p 3.8 x 10°
HCV viral load, mean (SD) (IU/mL) 1.6 x 10

(1.5 x 10°, 7.7 x 10°)

CHC, chronic hepatitis C; HCV, hepatitis C virus. Numerical variables are presented as the median only for 2 CHC
patients with fibromyalgia, and the median plus interquartile range for 31 CHC patients without fibromyalgia.
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Figure 2. Serum levels of (A) IL-6 (pg/mL) and (B) IL-8 (pg/mL) between CHC patients with and
without FM at baseline. CHC, chronic hepatitis C; FM, fibromyalgia; IL, interleukin.

3.4. The Impact of DAA Therapy on FM Symptoms in HCV Patients

The fibromyalgianess scale decreased at 12 and 24 weeks after DAA therapy in CHC
patients (Figure 3a). In addition, both the WPI and SS score decreased at 24 weeks after
DAA therapy (Figure 3b,c). When we further analyzed subdomains of the SS score (Table 3),
sleep disturbance, headache and lower abdominal pain improved at 12 and 24 weeks
after DAA therapy compared with those at baseline. Fatigue improved at 24 weeks after
DAA therapy when compared with that at baseline. Nevertheless, depression did not
significantly improve at both 12 and 24 weeks after DAA therapy. Among two CHC
patients with FM, their fibromyalgia scale decreased (17 and 14 at baseline decreased to
15 and 13, respectively, at both 12 and 24 weeks after DAA therapy). Nevertheless, they



J. Clin. Med. 2022, 11, 5327

6 of 10

still fulfilled the FM diagnostic criteria. Their FIQR score also decreased 12 weeks after
DAA therapy (30 and 15 at baseline decreased to 23 and 13 respectively).
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Figure 3. Comparison of (A) fibromyalgianess, (B) widespread pain index (WPI), and (C) symptom
severity (SS) score between baseline, 12 and 24 weeks after cessation of DAA therapy in CHC patients.
CHC, chronic hepatitis C; DAA, direct-acting antiviral drugs. ** p < 0.001 by the Wilcoxon signed rank test.

Table 3. Subdomains in the symptom severity scale at baseline and after DAA therapy in CHC

patients.
. o . 12 Weeks after 24 Weeks after
Subdomains, n (%) Baseline DAA Therapy DAA Therapy
Cognitive symptoms
No 15 (45) 19 (58) 19 (58)
Mild 16 (48) 12 (36) 12 (36)
Moderate 2 (6) 2 (6) 2 (6)
Fatigue
No 20 (61) 22 (67) 24 (73)*
Mild 9 (27) 9 (27) 8 (24)
Moderate 4(12) 1(3) 1(3)
Severe 0(0) 1(3) 0(0)
Waking unrefreshed
No 19 (58) 20 (61) * 24 (73)*
Mild 6 (18) 11 (33) 7 (21)
Moderate 8 (24) 2 (6) 2 (6)
Headache 15 (45) 8(24)* 5(15)*
Pain or cramps in " "
lower abdomen 824 1) 30)
Depression 5 (15) 3(9) 2 (6)

CHC, chronic hepatitis C; DAA, direct-acting antiviral drugs. * p < 0.05 when compared with that at baseline, by
the Wilcoxon signed rank test.

4. Discussion

Chronic infection may contribute to the pathogenesis of FM. We found a higher prevalence
of FM in CHC patients when compared with the control group. In addition, DAA therapy not
only eradicated the virus but also improved FM symptoms in CHC patients.

In addition to hepatic injury, HCV infection also affects other organ systems. A variety
of rheumatic manifestations has been reported and includes cryoglobulinemia, arthri-
tis, sicca, etc. [25]. Previous studies have demonstrated the benefits of CHC therapy on
these extrahepatic manifestations. Earlier studies found that the eradication of HCV by
interferon-based therapy could improve cryoglobulinemic vasculitis [26,27] and related
arthritis [25]. Since the introduction of the first DAA in 2011, they have now become the
treatment of choice in CHC patients [28,29]. Use of DAA could achieve the cure of CHC
in more than 95% of the patients and such effective viral eradication could prevent the
development of liver cirrhosis, hepatocellular carcinoma and mortality. Moreover, Bonacci
et al. followed 46 CHC patients with cryoglobulinemic vasculitis and 42 CHC patients
with asymptomatic cryoglobulinemia [19]. They observed a reduction in cryoglobulinemia
and vasculitis activity 24 months after DAA therapy. Other groups also found a complete
clinical response rate of 64-88% in DA A-treated patients with CHC-related cryoglobuline-
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mia 12-24 weeks later [30,31]. In addition, tender and swollen joint counts improved in
24 patients with CHC-related arthritis after DAA therapy [32]. Furthermore, DAA therapy
could even reduce the disease activity of concomitant rheumatic diseases (mostly rheuma-
toid arthritis) [33]. However, the impact of HCV eradication on concomitant FM has not
yet been explored. Our observations showed that DAA therapy leads to a decrease in FM
symptoms (fibromyalgianess) 12 and 24 weeks after its cessation. Furthermore, the two
CHC patients diagnosed with concomitant FM reported improved fibromyalgianess scale
and FIQR after DAA therapy, whereas fibromyalgianess scale and FIQR did not improve
with time in a retrospective analysis of 20 FM patients regularly followed at our Division of
Allergy, Immunology, and Rheumatology (Figure S1). This is the first report of the possible
beneficial effect of DAA therapy on FM symptoms in CHC patients. Studies of a larger
sample size are required before the conclusion is made.

The beneficial effect of DAA therapy on FM symptoms among CHC patients may be
mediated through several mechanisms. We found that both WPI and SS score improved
after DAA therapy. Moreover, fatigue, sleep disturbance, headache and lower abdominal
pain improved in these patients. Fatigue is a common symptom in CHC patients and
its prevalence ranges from 52% to 71% [34-38]. Additionally, fatigue was reported by
37% of our CHC patients at baseline. One study demonstrated improvement of fatigue in
401 CHC patients 24 weeks after the completion of interferon-based therapy [38]. Another
study reported improvement of fatigue in 105 CHC patients receiving DAA therapy [39].
Our observation is resonant with these findings. Sleep disturbance has been reported
in 95% of CHC patients [40]. In our CHC patients, 42% reported waking unrefreshed at
baseline, which was reduced to 27% at 24 weeks after DAA therapy. Taken together, DAA
therapy is associated with a possible reduction in FM symptoms in CHC patients due to
both alleviation of body pain and improvement of associated symptoms.

Several studies have found an increased prevalence of FM in CHC patients based on the
1990 ACR diagnostic criteria, at 8-19% [7-10]. The 2011/2016 ACR criteria, which was more
sensitive and better in the diagnostic performance [41], was used to diagnose FM in our study.
The prevalence of FM was 6% in our CHC patients, significantly higher than that in the control
group. One may argue that the control group may not well represent the general Taiwanese
population. Nevertheless, the prevalence of FM (0.5%) in our control group was similar to
that in the literature regarding the general population [42]. CHC is postulated to contribute to
FM based on several mechanisms. Upregulation of pro-inflammatory cytokines may be one
of the mechanisms and has been reported in both FM patients [43] and CHC patients [11,12].
In line with this, our observation showed a trend toward higher serum levels of IL-6 and IL-8
in CHC patients with FM than those patients without FM. A behavioral pattern which leads
to mood and sleep disturbance has also been implicated. However, we did not observe a
worsening of sleep problems and depression in CHC patients when compared with the control
group. Instead, we found an increase in cognitive symptoms in these CHC patients. The
pathophysiology of FM is characterized by brain dysfunction [44,45]. Could these cognitive
symptoms be linked to the development of FM? More studies are needed. In the present study,
interestingly, one of the CHC patients with FM had the highest body mass index among all
CHC patients. Obesity has long been recognized as a potential risk factor for the development
of FM and is prevalent in CHC patients [46]. It is possible that obesity may contribute to the
concomitant FM in CHC patients.

Our study is limited by several factors. First, the sample size is small and our findings
need confirmation in a larger study. In particular, the FM cases in CHC patients are too
few to determine the influence of CHC on the development of FM and of DAA therapy
on these FM patients. To avoid bias in the logistic regression for rare events, we also
undertook penalized logistic regression [47] and similarly found increased odds for FM
in CHC patients after adjusting for age and sex (OR: 12.9; 95%CIL: 1.8, 91.1) (data not
shown). Second, there is no longitudinal data with respect to CHC patients receiving no
antiviral therapy. Nevertheless, this is unethical due to the efficacy of DAA therapy and the
governmental policy of universal treatment in CHC patients. Third, the diagnosis of FM
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was not made by a physician. However, the 2011/2016 ACR criteria based on a self-report
has good sensitivity and specificity and can be used in the epidemiological research [22].

In conclusion, our results demonstrated an increased prevalence of FM in CHC patients
when compared with the control group. DAA therapy might improve FM symptoms in
these CHC patients. Larger studies are required to validate our findings.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm11185327/s1, Figure S1. Comparison of (a) fibromyalgianess
and (b) revised Fibromyalgia Impact Questionnaire (FIQR) score with time in 20 patients with
fibromyalgia (mean age: 47 + 8 years; 19 females and 1 male). Table S1: Comparisons of subdomains
in the symptom severity scale between CHC patients at baseline and the control group.

Author Contributions: Conceptualization, K.-T.T,, S.-S.Y. and C.-C.C.; methodology, K.-T.T., Y.-H.C. and
C.-C.C;; formal analysis, K.-T.T. and C.-C.L.; investigation, T-L.L. and C.-C.L.; resources, D.-Y.C.; data
curation, K.-T.T.; writing—original draft preparation, K.-T.T. and C.-C.L.; writing—review and editing,
D.-Y.C,, S-S.Y. and C.-C.C. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by a grant from Taichung Veterans General Hospital (TCVGH-
1113802C), Taichung, Taiwan, Republic of China.

Institutional Review Board Statement: This study complied with the Declaration of Helsinki and
was approved by the Institutional Review Board of Taichung Veterans General Hospital (approval
No. CE20052A and CE20279B).

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data that support the findings of this study are available upon
request from the corresponding author.

Acknowledgments: With thanks to Health Management Center database/Taichung Veterans General
Hospital. We sincerely thank Robert Bennett and Kim Jones for their provision of the revised
Fibromyalgia Impact Questionnaire. We sincerely thank the Biostatistics Task Force of Taichung
Veterans General Hospital, Taichung, Taiwan, for its assistance with the statistical analysis.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Rahman, A.; Underwood, M.; Carnes, D. Fibromyalgia. BM] 2014, 348, g1224. [CrossRef] [PubMed]

2. Macfarlane, G.J.; Kronisch, C.; Dean, L.E.; Atzeni, F; Hauser, W.; Fluss, E.; Choy, E.; Kosek, E.; Amris, K.; Branco, J.; et al. EULAR
revised recommendations for the management of fibromyalgia. Ann. Rheum. Dis. 2017, 76, 318-328. [CrossRef] [PubMed]

3. Rodriguez-Pinto, I.; Agmon-Levin, N.; Howard, A.; Shoenfeld, Y. Fibromyalgia and cytokines. Immunol. Lett. 2014, 161,
200-203. [CrossRef] [PubMed]

4. Wallace, D.J.; Linker-Israeli, M.; Hallegua, D.; Silverman, S.; Silver, D.; Weisman, M.H. Cytokines play an aetiopathogenetic role
in fibromyalgia: A hypothesis and pilot study. Rheumatology 2001, 40, 743-749. [CrossRef]

5. Fitzcharles, M.A ; Perrot, S.; Hauser, W. Comorbid fibromyalgia: A qualitative review of prevalence and importance. Eur. J. Pain
2018, 22, 1565-1576. [CrossRef]

6.  Gupta, N.; Bhatnagar, A.K. Musculoskeletal manifestations of tuberculosis: An observational study. J. Fam. Med. Prim. Care 2018,
7,538-541. [CrossRef]

7. Kozanoglu, E.; Canataroglu, A.; Abayli, B.; Colakoglu, S.; Goncu, K. Fibromyalgia syndrome in patients with hepatitis C infection.
Rheumatol. Int. 2003, 23, 248-251. [CrossRef]

8.  Garcia, J.B.S.; Moura, S.A.d.M.; Kraychete, D.C.; Castro, A.P.C.R.; Garcia, M.A. Clinical evaluation and prevalence of fibromyalgia
in hepatitis C patients. Braz. |. Pain 2019, 2, 308-315. [CrossRef]

9. Rivera, J.; de Diego, A.; Trinchet, M.; Garcia Monforte, A. Fibromyalgia-associated hepatitis C virus infection. Br. |. Rheumatol.
1997, 36, 981-985. [CrossRef]

10. Buskila, D.; Shnaider, A.; Neumann, L.; Zilberman, D.; Hilzenrat, N.; Sikuler, E. Fibromyalgia in hepatitis C virus infection.
Another infectious disease relationship. Arch. Intern. Med. 1997, 157, 2497-2500. [CrossRef]

11. Malaguarnera, M.; Di Fazio, I.; Romeo, M.A.; Restuccia, S.; Laurino, A.; Trovato, B.A. Elevation of interleukin 6 levels in patients
with chronic hepatitis due to hepatitis C virus. J. Gastroenterol. 1997, 32, 211-215. [CrossRef]

12.  Polyak, S.J.; Khabar, K.S.; Rezeiq, M.; Gretch, D.R. Elevated levels of interleukin-8 in serum are associated with hepatitis C virus

infection and resistance to interferon therapy. J. Virol. 2001, 75, 6209-6211. [CrossRef]


https://www.mdpi.com/article/10.3390/jcm11185327/s1
https://www.mdpi.com/article/10.3390/jcm11185327/s1
http://doi.org/10.1136/bmj.g1224
http://www.ncbi.nlm.nih.gov/pubmed/24566297
http://doi.org/10.1136/annrheumdis-2016-209724
http://www.ncbi.nlm.nih.gov/pubmed/27377815
http://doi.org/10.1016/j.imlet.2014.01.009
http://www.ncbi.nlm.nih.gov/pubmed/24462815
http://doi.org/10.1093/rheumatology/40.7.743
http://doi.org/10.1002/ejp.1252
http://doi.org/10.4103/jfmpc.jfmpc_7_17
http://doi.org/10.1007/s00296-003-0290-7
http://doi.org/10.5935/2595-0118.20190057
http://doi.org/10.1093/rheumatology/36.9.981
http://doi.org/10.1001/archinte.1997.00440420129014
http://doi.org/10.1007/BF02936370
http://doi.org/10.1128/JVI.75.13.6209-6211.2001

J. Clin. Med. 2022, 11, 5327 90f 10

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Goldenberg, D.L. Do infections trigger fibromyalgia? Arthritis Rheum. 1993, 36, 1489-1492. [CrossRef]

Chen, D.S.; Kuo, G.C.; Sung, J.L.; Lai, M.Y,; Sheu, J.C.; Chen, PJ.; Yang, PM.; Hsu, HM.; Chang, M.H.; Chen, CJ; et al. Hepatitis
C virus infection in an area hyperendemic for hepatitis B and chronic liver disease: The Taiwan experience. J. Infect. Dis. 1990,
162, 817-822. [CrossRef]

Chen, Y.Y;; Chen, C.L.; Chen, JW.; Hsu, N.T.; Wei, S.T.; Hou, S.M.; Lu, S.N.; Chen, PJ. Secular Trends and Geographic
Maps of Hepatitis C Virus Infection among 4 Million Blood Donors in Taiwan from 1999 to 2017. Hepatol. Commun. 2020, 4,
1193-1205. [CrossRef]

Flemming, J.A.; Kim, W.R.; Brosgart, C.L.; Terrault, N.A. Reduction in liver transplant wait-listing in the era of direct-acting
antiviral therapy. Hepatology 2017, 65, 804-812. [CrossRef]

Kanwal, F,; Kramer, J.; Asch, S.M.; Chayanupatkul, M.; Cao, Y.; El-Serag, H.B. Risk of Hepatocellular Cancer in HCV Patients
Treated With Direct-Acting Antiviral Agents. Gastroenterology 2017, 153, 996-1005.e1. [CrossRef]

Cacoub, P,; Saadoun, D. Extrahepatic Manifestations of Chronic HCV Infection. N. Engl. . Med. 2021, 384, 1038-1052. [CrossRef]
Bonacci, M.; Lens, S.; Marino, Z.; Londono, M.C.; Rodriguez-Tajes, S.; Sanchez-Tapias, ].M.; Ramos-Casals, M.; Hernandez-
Rodriguez, J.; Forns, X. Long-Term Outcomes of Patients With HCV-Associated Cryoglobulinemic Vasculitis After Virologic Cure.
Gastroenterology 2018, 155, 311-315.e6. [CrossRef]

Ferrari, R.; Russell, A.S. A questionnaire using the modified 2010 American College of Rheumatology criteria for fibromyalgia:
Specificity and sensitivity in clinical practice. . Rheumatol. 2013, 40, 1590-1595. [CrossRef]

Wolfe, E; Clauw, D.J.; Fitzcharles, M.A.; Goldenberg, D.L.; Hauser, W.; Katz, R.S.; Mease, P.; Russell, A.S.; Russell, L].; Winfield,
J.B. Fibromyalgia criteria and severity scales for clinical and epidemiological studies: A modification of the ACR Preliminary
Diagnostic Criteria for Fibromyalgia. J. Rheumatol. 2011, 38, 1113-1122. [CrossRef]

Wolfe, E; Clauw, D.J.; Fitzcharles, M.A.; Goldenberg, D.L.; Hauser, W.; Katz, R.L.; Mease, PJ.; Russell, A.S.; Russell, L].; Walitt, B.
2016 Revisions to the 2010/2011 fibromyalgia diagnostic criteria. Semin. Arthritis Rheum. 2016, 46, 319-329. [CrossRef]

Wolfe, F.; Walitt, B.T.; Rasker, ].].; Katz, R.S.; Hauser, W. The Use of Polysymptomatic Distress Categories in the Evaluation of
Fibromyalgia (FM) and FM Severity. . Rheumatol. 2015, 42, 1494-1501. [CrossRef]

Bennett, R.M.; Friend, R.; Jones, K.D.; Ward, R.; Han, B.K,; Ross, R.L. The Revised Fibromyalgia Impact Questionnaire (FIQR):
Validation and psychometric properties. Arthritis Res. Ther. 2009, 11, R120. [CrossRef]

Zuckerman, E.; Keren, D.; Rozenbaum, M.; Toubi, E.; Slobodin, G.; Tamir, A.; Naschitz, J.E.; Yeshurun, D.; Rosner, I. Hepatitis C
virus-related arthritis: Characteristics and response to therapy with interferon alpha. Clin. Exp. Rheumatol. 2000, 18, 579-584.
Ferri, C.; Marzo, E.; Longombardo, G.; Lombardini, F; La Civita, L.; Vanacore, R.; Liberati, A.M.; Gerli, R.; Greco, F,;
Moretti, A. Interferon-alpha in mixed cryoglobulinemia patients: A randomized, crossover-controlled trial. Blood 1993, 81,
1132-1136. [CrossRef]

Misiani, R.; Bellavita, P.; Fenili, D.; Vicari, O.; Marchesi, D.; Sironi, P.L.; Zilio, P.; Vernocchi, A.; Massazza, M.; Vendramin, G.; et al.
Interferon alfa-2a therapy in cryoglobulinemia associated with hepatitis C virus. N. Engl. |. Med. 1994, 330, 751-756. [CrossRef]
Ghany, M.G.; Morgan, T.R.; AASLD-IDSA Hepatitis C Guidance Panel. Hepatitis C Guidance 2019 Update: American Association
for the Study of Liver Diseases-Infectious Diseases Society of America Recommendations for Testing, Managing, and Treating
Hepatitis C Virus Infection. Hepatology 2020, 71, 686—721. [CrossRef]

Pawlotsky, ].M.; Negro, F.; Aghemo, A.; Berenguer, M.; Dalgard, O.; Dusheiko, G.; European Association for the Study of the
Liver. EASL recommendations on treatment of hepatitis C: Final update of the series. J. Hepatol. 2020, 73, 1170-1218. [CrossRef]
Lauletta, G.; Russi, S.; Pavone, F; Vacca, A.; Dammacco, F. Direct-acting antiviral agents in the therapy of hepatitis C virus-related
mixed cryoglobulinaemia: A single-centre experience. Arthritis Res. Ther. 2017, 19, 74. [CrossRef]

Saadoun, D.; Thibault, V.; Si Ahmed, S.N.; Alric, L.; Mallet, M.; Guillaud, C.; Izzedine, H.; Plaisier, A.; Fontaine, H.; Costopoulos,
M.; et al. Sofosbuvir plus ribavirin for hepatitis C virus-associated cryoglobulinaemia vasculitis: VASCUVALDIC study. Ann.
Rheum. Dis. 2016, 75, 1777-1782. [CrossRef] [PubMed]

Shahin, A.A.; Zayed, H.S.; Said, M.; Amer, S.A. Efficacy and safety of sofosbuvir-based, interferon-free therapy: The Management
of rheumatologic extrahepatic manifestations associated with chronic hepatitis C virus infection. Z. Rheumatol. 2018, 77,
621-628. [CrossRef] [PubMed]

Kida, T.; Umemura, A.; Kaneshita, S.; Sagawa, R.; Inoue, T.; Toyama, S.; Wada, M.; Kohno, M.; Oda, R.; Inaba, T.; et al. Effectiveness
and safety of chronic hepatitis C treatment with direct-acting antivirals in patients with rheumatic diseases: A case-series. Mod.
Rheumatol. 2020, 30, 1009-1015. [CrossRef] [PubMed]

Poynard, T.; Cacoub, P; Ratziu, V.; Myers, R.P.; Dezailles, M.H.; Mercadier, A.; Ghillani, P.; Charlotte, F; Piette, ].C.; Moussallj, J.;
et al. Fatigue in patients with chronic hepatitis C. J. Viral. Hepat. 2002, 9, 295-303. [CrossRef]

Evon, D.M.; Wahed, A.S,; Johnson, G.; Khalili, M.; Lisker-Melman, M.; Fontana, R.J.; Sarkar, S.; Reeve, B.B.; Hoofnagle, J.H.
Fatigue in Patients with Chronic Hepatitis B Living in North America: Results from the Hepatitis B Research Network (HBRN).
Dig. Dis. Sci. 2016, 61, 1186-1196. [CrossRef]

Kallman, J.; O'Neil, M.M,; Larive, B.; Boparai, N.; Calabrese, L.; Younossi, Z.M. Fatigue and health-related quality of life (HRQL)
in chronic hepatitis C virus infection. Dig. Dis. Sci. 2007, 52, 2531-2539. [CrossRef]

Hassoun, Z.; Willems, B.; Deslauriers, J.; Nguyen, B.N.; Huet, PM. Assessment of fatigue in patients with chronic hepatitis C
using the Fatigue Impact Scale. Dig. Dis. Sci. 2002, 47, 2674-2681. [CrossRef]


http://doi.org/10.1002/art.1780361102
http://doi.org/10.1093/infdis/162.4.817
http://doi.org/10.1002/hep4.1531
http://doi.org/10.1002/hep.28923
http://doi.org/10.1053/j.gastro.2017.06.012
http://doi.org/10.1056/NEJMra2033539
http://doi.org/10.1053/j.gastro.2018.04.024
http://doi.org/10.3899/jrheum.130367
http://doi.org/10.3899/jrheum.100594
http://doi.org/10.1016/j.semarthrit.2016.08.012
http://doi.org/10.3899/jrheum.141519
http://doi.org/10.1186/ar2783
http://doi.org/10.1182/blood.V81.5.1132.1132
http://doi.org/10.1056/NEJM199403173301104
http://doi.org/10.1002/hep.31060
http://doi.org/10.1016/j.jhep.2020.08.018
http://doi.org/10.1186/s13075-017-1280-6
http://doi.org/10.1136/annrheumdis-2015-208339
http://www.ncbi.nlm.nih.gov/pubmed/26567178
http://doi.org/10.1007/s00393-017-0356-7
http://www.ncbi.nlm.nih.gov/pubmed/28795238
http://doi.org/10.1080/14397595.2019.1682787
http://www.ncbi.nlm.nih.gov/pubmed/31625432
http://doi.org/10.1046/j.1365-2893.2002.00364.x
http://doi.org/10.1007/s10620-015-4006-0
http://doi.org/10.1007/s10620-006-9708-x
http://doi.org/10.1023/A:1021040702370

J. Clin. Med. 2022, 11, 5327 10 of 10

38.

39.

40.

41.

42.
43.

44.

45.
46.

47.

Sarkar, S.; Jiang, Z.; Evon, D.M.; Wahed, A.S.; Hoofnagle, ]. H. Fatigue before, during and after antiviral therapy of chronic
hepatitis C: Results from the Virahep-C study. J. Hepatol. 2012, 57, 946-952. [CrossRef]

Fagundes, R.N.; Ferreira, L.; Pace, FH.L. Health-related quality of life and fatigue in patients with chronic hepatitis C with
therapy with direct-acting antivirals agents interferon-free. PLoS ONE 2020, 15, €0237005. [CrossRef]

Heeren, M.; Sojref, F.; Schuppner, R.; Worthmann, H.; Pflugrad, H.; Tryc, A.B.; Pasedag, T.; Weissenborn, K. Active at night, sleepy
all day-sleep disturbances in patients with hepatitis C virus infection. J. Hepatol. 2014, 60, 732-740. [CrossRef]

Kang, J.H.; Choi, S.E.; Xu, H.; Park, D.J.; Lee, ] K; Lee, S.S. Comparison of the AAPT Fibromyalgia Diagnostic Criteria and Modi-
fied FAS Criteria with Existing ACR Criteria for Fibromyalgia in Korean Patients. Rheumatol. Ther. 2021, 8, 1003—-1014. [CrossRef]
Neumann, L.; Buskila, D. Epidemiology of fibromyalgia. Curr. Pain Headache Rep. 2003, 7, 362-368. [CrossRef]

O’Mahony, L.F; Srivastava, A.; Mehta, P.; Ciurtin, C. Is fibromyalgia associated with a unique cytokine profile? A systematic
review and meta-analysis. Rheumatology 2021, 60, 2602-2614. [CrossRef]

Chou, PH,; Tang, K.T.; Chen, Y.H.; Sun, CW.; Huang, C.M.; Chen, D.Y. Reduced frontal activity during a verbal fluency test in
fibromyalgia: A near-infrared spectroscopy study. J. Clin. Neurosci. 2018, 50, 35—40. [CrossRef]

Gracely, R.H.; Ambrose, K.R. Neuroimaging of fibromyalgia. Best Pract. Res. Clin. Rheumatol. 2011, 25, 271-284. [CrossRef]
Charlton, M.R.; Pockros, PJ.; Harrison, S.A. Impact of obesity on treatment of chronic hepatitis C. Hepatology 2006, 43,
1177-1186. [CrossRef]

Kwok, W.C.; Ma, T.E; Chan, ] WM.; Pang, H.H.; Ho, ].C.M. A multicenter retrospective cohort study on predicting the risk for
amiodarone pulmonary toxicity. BMC Pulm. Med. 2022, 22, 128. [CrossRef]


http://doi.org/10.1016/j.jhep.2012.06.030
http://doi.org/10.1371/journal.pone.0237005
http://doi.org/10.1016/j.jhep.2013.11.030
http://doi.org/10.1007/s40744-021-00318-8
http://doi.org/10.1007/s11916-003-0035-z
http://doi.org/10.1093/rheumatology/keab146
http://doi.org/10.1016/j.jocn.2018.01.030
http://doi.org/10.1016/j.berh.2011.02.003
http://doi.org/10.1002/hep.21239
http://doi.org/10.1186/s12890-022-01926-y

	Introduction 
	Materials and Methods 
	Study Participants 
	Liver Function Test and Hepatitis C Virus (HCV) Viral Loads 
	Serum Levels of Inflammatory Cytokines in CHC Patients 
	Evaluation of Concomitant Fibromyalgia in CHC Patients 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	The Prevalence of FM in CHC Patients and the Control Group at Baseline 
	Factors Associated with FM in CHC Patients at Baseline 
	The Impact of DAA Therapy on FM Symptoms in HCV Patients 

	Discussion 
	References

