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A B S T R A C T

Objective: This study is aimed to investigate the association between interferon-alpha (IFN-α) plus ribavirin (RBV)
treatment and emergence of somatic pain symptoms in patients with hepatitis C virus (HCV) over a 24-week
treatment.
Method: In this prospective cohort study, 297 patients with HCV were evaluated at baseline and 2nd, 4th, 8th,
12th, 16th, 20th, and 24th week with structured Mini-International Neuropsychiatric Interview for Major
Depressive Disorder (MDD) diagnosis and the Neurotoxicity Rating Scale (NRS) for somatic symptoms.
Results: Eighty-seven out of the 297 patients (29%) developed IFN-α induced depression and had significantly
higher somatic pain symptoms as early as the 2nd week and at all the assessment time points (p < .001). Most
depressed patients perceived greatest somatic pain at the 8th week of treatment. Moreover, NRS somatic pain
scores after initial therapy strongly correlated with NRS somatic pain scores at all other assessment time points (p
< .001).
Conclusion: IFN-α therapy induce significant somatic pain as early as the 2nd week of treatment in HCV patients
who later developed MDD. Thus, initial NRS somatic pain score after initiation of IFN-α treatment may serve as a
reference for the susceptibility of the individual to IFN-α induced depression.
1. Introduction

The multiplicity and unexplained nature of somatic symptoms were
strongly associated with depression (Bekhuis et al., 2015; Kroenke, 2003;
Schaefert et al., 2013; Zhu et al., 2012). Previous literature suggested that
depressive episode that predominates with somatic symptoms is the most
common form of depression (Jones and Hall, 1963; Tylee and Gandhi,
2005). Somatic symptoms consist of painful and non-painful symptoms.
Painful symptoms classically include multiple diffuse pain, arthralgia and
backaches; whereas, fatigue, general weakness and poor appetite are
typical non-painful symptoms (Khan et al., 2003; Kroenke and Price,
1993; Tylee and Gandhi, 2005).

Somatic pain symptoms also positively predicted the occurrence of
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depression (Bair et al., 2003; Gerber et al., 1992). In Asian population,
somatic pain symptoms are frequent in depression. Moreover, the
severity of somatic pain symptoms in particular correlated with less
remission and treatment response rates in depressed patients (Novick
et al., 2013). Concordantly, various literature revealed that the severity
and frequency of somatic pain symptoms often lead to substantial func-
tional impairment of the individual with an increase duration, severity
and recurrence of depressive episodes (Bekhuis et al., 2016; Creed et al.,
2012; Fishbain, 1999; Kapfhammer, 2006; Kroenke, 2003; Ohayon and
Schatzberg, 2003; Tylee and Gandhi, 2005; Von Korff and Simon, 1996).
Therefore, somatic pain symptoms had shown prognostic value in
treating patients with depression.

In the past, interferon-alpha, as a pro-inflammatory cytokine, had
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contributed to our understanding of how cytokine administration in-
duces sickness behaviors and depression. For instance, interferon-alpha
induced the occurrence of somatic symptoms, such as fatigue,
insomnia, headaches, arthralgia and anorexia in patients with hepatitis C
virus infection (HCV) (Denicoff et al., 1987; Fontana et al., 2002; Kirk-
wood et al., 1996; Schaefer et al., 2002; Su, 2009; Valentine et al., 1998;
Yates and Gleason, 1998). In fact, depressive episodes were frequently
observed in HCV patients receiving interferon-alpha (IFN-α) therapy with
a prevalence rate of 15–40% (Raison et al., 2005a, 2005b; Schaefer et al.,
2012; Su, 2015).

Recently, literature reported the development of painful and non-
painful somatic symptoms in HCV patients after receiving IFN-α ther-
apy (Chang et al., 2017; Hsiao et al., 2016; Huckans et al., 2015; Loftis
et al., 2013). For instance, Huckans et al. revealed worsening of
depression, anxiety, fatigue and somatic pain symptoms in HCV patients
within the three-month course of IFN-α therapy (Huckans et al., 2015).
However, the underlying mechanism of how IFN-α induce somatic
symptoms is not known. Moreover, previous longitudinal studies on the
somatic symptoms and depression induced by IFN-α encompass relatively
small sample size (n ¼ 32-33) (Huckans et al., 2015; Loftis et al., 2013).
Therefore, generalization of their research findings was limited. Never-
theless, the prospective cohort of HCV patients receiving interferon
therapy is an ideal model for studying and elucidating the causal rela-
tionship between pro-inflammatory cytokines (in this case interferon
therapy), somatic pain symptoms, and depression.

To understand the effect of pro-inflammatory cytokine on the
occurrence of somatic pain symptoms and depression, we aimed to
investigate the relationship of somatic pain symptoms and the emergence
of depression in patients with HCV receiving IFN-α therapy, in a pro-
spective 24-week study.

2. Methods

2.1. Study sample

This is a 24-week prospective cohort study conducted in Liver Center
of the China Medical University Hospital in Taiwan. Patients with
chronic HCV were recruited by two hepatologists during clinical service
between the year of 2009 to 2014. Informed consents were obtained from
all patients before their enrollment, and this study was approved by the
China Medical University Hospital Institutional Review Board.

Three hundred and seventy-two HCV patients were initially recruited
and received combinatory antiviral therapy (Regime: 1.5 μg of peg IFN-
α-2beta per kilogram of body weight subcutaneously once weekly, and
600–800 mg of ribavirin daily) for 24 weeks. Exclusion criteria included
having liver disease other than HCV and those who withdrawn from
study due to personal reasons. To evaluate the effect of IFN based regime
on the emergence of depression, we excluded patients with a diagnosis of
depression before the anti-viral therapy administration to avoid possible
confounding factors. Patients with mental disorder other than depression
were also excluded. Seventy-five patients out of the 372 recruits were
excluded, and 297 patients (79.8%) completed the 24-week study.

2.2. Assessments

Patients were assessed with the structured Mini-International
Neuropsychiatric Interview (MINI) for confirmation of Major Depres-
sive Disorder (MDD) (Sheehan et al., 1998) and with Neurotoxicity
Rating Scale (NRS) for somatic symptoms at baseline and at the 2nd, 4th,
8th, 12th, 16th, 20th and 24th week. Both MINI and NRS were admin-
istrated by qualified psychiatrists.

2.3. Measure

2.3.1. Mini-International Neuropsychiatric Interview (MINI)
MINI is a brief structured diagnostic interview for making diagnoses
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of psychiatric disorders including MDD and was designed to be
compatible with international diagnostic criteria, including DSM-IV and
ICD-10 (Sheehan et al., 1998). The interview comprising of 17 modules
with closed ended questions takes 15 min to administer, and serves as a
short but accurate interview for clinical trials and epidemiology studies.
Moreover, its application in clinical assessment of depression and anxiety
disorder is well received by practitioners and patients (Pettersson et al.,
2018). In terms of reliability and validity, MINI had shown good
concordance with the structured Clinical Interview for DSM-III-R(SCID)
(Sheehan et al., 1997) and Composite International Diagnostic Inter-
view(CIDI) (Lecrubier et al., 1997). The information of translation,
validation and instruction of Taiwanese version of MINI can be accessed
on the website of Taiwanese Society of Psychiatry (http://www.sop.org.t
w/).

2.3.2. Neurotoxicity rating scale (NRS)
NRS is a self-administrated questionnaire for evaluation of cytokine

therapy related neuropsychiatric symptoms and were recognized as a
valid tool to evaluate psychiatric and physical symptoms (Li et al., 2016;
Loftis et al., 2013; Valentine et al., 1995). Additionally, NRS had been
used to qualify the intensity of somatic symptoms in HCV population
receiving IFN based therapy and the items regarding somatic symptoms
of NRS corresponded to that of Beck Depression Inventory, Second Edi-
tion (BDI-II) (Loftis et al., 2013). Items of the NRS questionnaire include
three parts: checklists for general symptoms, non-painful somatic
symptoms and painful somatic symptoms. In our study, only items rep-
resenting somatic pain symptoms were selected. Items 18, 19 and 20,
which respectively stand for generalized pain, arthralgia and other pain,
were used for analysis in our study. Each item is rated from 0 to 10 on a
visual analog scale, and the sum of the selected items ranges from 0 to 30.
A higher score indicates the patient perceive greater somatic pain
symptoms.

2.4. Statistical analyses

Demographic and group comparisons of patients with and without
newly diagnosed depressive episodes during IFN-α therapy were evalu-
ated with t-test or chi-square test where appropriate. Baseline charac-
teristics were presented as frequency (percentage) for categorical
variable and mean � standard deviation (SD) for continuous variable.
Analysis of covariance (ANCOVA) was applied to adjust for the baseline
NRS somatic pain score.

A two-way ANOVA with depression as independent factor, time as
dependent factor, and interaction of depression and time was conducted
to examine the effect of time on the variations of NRS somatic pain scores
throughout the course of therapy between depression (Dep group) and
non-depression (non-Dep) groups. For missing data, we apply last
observation carried forward and linear interpolation. All statistical sig-
nificance tests used two tailed with p value < .05. All statistical analysis
was conducted with Statistical Analysis System (SAS) version 9.4 for
windows.

3. Results

Eighty-seven out of the 297 patients (29%) were diagnosed withMDD
throughout the IFN-α treatment course (Dep group). Fifty-seven out of
the 87 depressed patients (65.5%) were diagnosed with MDD within the
first 8 weeks. Moreover, the majority of depressed patients [31 out of the
87 depressed patients (35.6%)] were in fact diagnosed with MDD on the
8th week. On the other hand, the non-Dep group composed of 210 par-
ticipants (71%) and had never developed depression after 24 weeks of
treatment. In comparison, Dep group was significantly older in age (p ¼
.007), received less education (p ¼ .018), and involved more females (p
¼ .002) than non-Dep group. Also, individuals were more inclined to
have a past history of depression (p < .001) and reported a higher
baseline NRS somatic pain scores (p ¼ .0003) (Table 1). Moreover,
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Table 1
Demographic data.

Depressed Non-Depressed p value

(n ¼ 87) (n ¼ 210)

Age, years (mean � SD) 52 � 9.25 49.46 � 11.46 .007**
Gender .002**
Female, n (%) 51(58.62%) 81(38.57%)

Education (years) 8.54 � 3.36 9.80 � 4.41 .018*
Marriage, n (%) .098
Married 66(75.86%) 178(84.76%)
Single/divorced 21(24.1%) 32(15.24%)

Previous depression history (%) 12(13.79%) 3(1.43%) < .001***
NRS scores (mean � SD)
Baseline 5.84 � 7.72 2.53 � 4.12 .0003***
Week 02 7.22 � 7.34 2.90 � 4.10 < .001***
Week 04 7.90 � 7.26 2.95 � 4.02 < .001***
Week 08 8.29 � 7.24 3.04 � 3.79 < .001***
Week 12 8.11 � 7.05 3.01 � 3.98 < .001***
Week 16 7.52 � 6.46 3.02 � 4.27 < .001***
Week 20 6.83 � 6.52 2.94 � 4.24 < .001***
Week 24 6.48 � 6.86 2.76 � 4.06 < .001***

N, number; NRS, neurotoxicity rating scale; NRS somatic pain score, sum of the
items 18, 19 and 20 of the NRS, which stand for generalized pain, arthralgia and
other pain, respectively; SD, standard deviation. *indicates a statistical signifi-
cance of p < .05. **indicates a statistical significance of p < .01. ***indicates a
statistical significance of p < .001.
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women reported a higher NRS somatic pain score, and the gender dif-
ferences of the NRS somatic pain score were significant throughout the
24 weeks (Appendix Table A.1).

After initiation of IFN-α therapy, Dep group had a higher somatic pain
score at week 2 (p< .001), week 4 (p< .001), week 8 (p< .001), week 12
(p < .001), week 16 (p < .001), week 20 (p < .001), week 24 (p < .001)
(Table 1). For the first 8 weeks, there was a greater increment in NRS
somatic pain scores in the Dep group; and the somatic pain scores
reached a peak at the 8th week in Dep group. For the remaining treat-
ment course, NRS somatic pain scores of both Dep and non-Dep group
gradually declined. Meanwhile, the NRS somatic pain scores of the final
week in both Dep and non-Dep group continued to be higher than their
baseline NRS somatic pain scores (Appendix Fig. A.1).

We have noted a baseline NRS somatic pain score difference between
the Dep and non-Dep group; thus, analysis of covariance (ANCOVA) were
applied for adjusting baseline difference. After ANCOVA adjustment, Dep
group still perceive more somatic pain symptoms than their counterparts
for all the assessed periods (Table 2). The results from two-way ANOVA
revealed a significant interaction between the effects of time and
depression status on the NRS somatic pain scores, F (7, 2065) ¼3.61, p ¼
.0007 (Appendix Table A.2). Post hoc analysis revealed that for all
assessed periods, Dep group perceived greater somatic pain symptoms
than Non-Dep group (p < .001).

Next, we carried out a correlation analysis of the NRS somatic pain
scores of all the assessed periods. In Dep group, NRS somatic pain score of
the 2nd week have a strong correlation with the 4th week [r (85) ¼.869,
p < .001] and a moderation correlation were observed between the 2nd
week and the 24th week (or final week) [r (85) ¼.689, p < .001]
(Table 3). Similar correlations were identified in non-Dep group as well
(Appendix Table A.3). Meanwhile, NRS somatic pain score of the 2nd
week positively correlates with that of the following treatment course,
including the peak of NRS somatic pain score at the 8th week and the
24th week in both Dep and non-Dep group (p < .001) (Table 3 and Ap-
pendix Table A.3).

4. Discussion

This is the first study to evaluate the natural course of somatic pain
symptoms in HCV patients receiving 24 weeks of IFN-α therapy. This was
more inclusive than previous studies (Chang et al., 2017; Huckans et al.,
2015) in terms of sample size, duration of treatment course and was more
focused on the longitudinal course of somatic pain symptoms in Asian
population with HCV infections. For stance, our previous study only
assessed somatic pain symptoms during the first 2 weeks of IFN-α ther-
apy, while longitudinal study by Loftis et al. (2013) only evaluated so-
matic symptoms within 16 weeks, and did not include somatic pain
symptoms in evaluation. In addition, we enrolled a larger sample size
than previous longitudinal studies (Huckans et al., 2015; Loftis et al.,
2013).

The major finding of our study is that IFN-α therapy induced somatic
symptoms occurred early in those who later developed depression, as
early as the 2nd week, during the treatment period (Appendix Fig. A.1).
The early presentation of somatic pain in depression is compatible with
previous studies (Capuron et al., 2002; Chang et al., 2017), and corre-
sponds with the common clinical phenomenon where some patients
present solely with somatic symptoms before being diagnosed with MDD
(Bair et al., 2003; Kapfhammer, 2006; Tamayo et al., 2005). Although the
weekly changes in NRS scores in many instances do not seemed to be
particularly robust for either the Dep group or the non-Dep group, we
continues to see the differences between the Dep group or the non-Dep
group. This further implied that the Dep group had more somatic
symptoms than non-Dep group even before they were diagnosed with
depression. Additionally, our study also showed HCV patients who had
more somatic pain symptoms as early as the 2nd week reported more
painful symptoms at the 8th week and for the remaining treatment course
(Table 3 and Appendix Table A.3). Our results supported that somatic
3

pain symptoms may precede the development of depressive symptoms
after IFN-α therapy (Capuron et al., 2002) and are associated with
depression and other mood disorders (Gerber et al., 1992; Kroenke et al.,
1994). Interestingly, depressed patients were observed to have a reduced
pain threshold and thus aberrant perception of pain (Adler-Neal et al.,
2019; Adler and Gattaz, 1993; Lautenbacher and Krieg, 1994). Similarly,
we found that Dep group reported more somatic pain symptoms than
their counterparts. In addition, severe pain symptoms have been corre-
lated with prolonged duration of depression and higher risk of suicide in
literature (Fishbain, 1999; Kapfhammer, 2006; Kroenke and Price, 1993;
Ohayon and Schatzberg, 2003; Tylee and Gandhi, 2005; Von Korff and
Simon, 1996). To address the side effects of IFN-α, various randomized
control trials had adopted prophylactic anti-depressive therapy with se-
rotonin reuptake inhibitors (SSRIs) and paroxetine. There are mixed re-
sults (Diez-Quevedo et al., 2011; Raison et al., 2007), but recent
meta-analysis supports the use of SSRIs in reducing incidence of inter-
feron induced depression (Udina et al., 2014). Of note, though, the
pre-emptive use of anti-depressants would expose the patients to un-
necessary side effects of anti-depressants and increase likelihood of drug
interaction with medication for systemic disease or with other anti-viral
therapy. Therefore, screening patients in the early phase of IFN-α
regimen would assist physicians in deciding the individual risk to
depression and the proper timing of intervention. Our study support
using somatic pain symptoms as an indicator of one’s susceptibility to
later onset depression, as we have revealed nature course of somatic pain
symptoms in HCV patients and the relation of somatic pain symptoms
with IFN-α associated depression.

Our study identified a significant effect of time and depression on
variation of somatic pain symptoms throughout all assessed periods by
two-way ANOVA analysis. In Appendix Fig. A.1, not only did patients in
Dep group perceived more somatic pain symptoms, but the 8th week
appeared to be a critical period in treatment course as it is when most
HCV patients were diagnosed with MDD and when their NRS somatic
pain scores peaked. The peak of somatic pain scores at 8th week may
imply the cumulative result of stress response to chronic pain and
contributed to the higher incidence of depressive episodes in the first 8
weeks of our study. Similarly, previous literature also reported a higher
depression incidence in the first 8 weeks in HCV patients receiving IFN-α
therapy (Choi et al., 2017; Horikawa et al., 2003; Malaguarnera et al.,
2001). Moreover, previous literature revealed a positive predictive effect



Table 2
Adjusted Means of Neurotoxicity Rating Scale of Dep and Non-Dep group.

Depressed Non-
Depressed

Effect size
of

p value

(n ¼ 94) (n ¼ 253) ANCOVA

Age, years (mean �
SD)

52 � 9.25 49.46� 11.46 - .007**

Gender - .002**
Female (%) 51(58.62%) 81(38.57%) -

Education (years) 8.54 � 3.36 9.80 � 4.41 - .018*
Marriage, n (%) .098
Married 66(75.86%) 178(84.76%) -

Single/divorced 21(24.1%) 32(15.24%) -

Previous depression
history(%)

12(13.79%) 3(1.43%) - <

.001***
NRS scores (Adjusted mean � SE)
Week 02 5.43 � 0.36 3.64 � 0.23 0.29 <

.001***
Week 04 6.39 � 0.42 3.58 � 0.27 0.35 <

.001***
Week 08 6.96 � 0.44 3.59 � 0.28 0.41 <

.001***
Week 12 6.71 � 0.43 3.59 � 0.27 0.37 <

.001***
Week 16 6.50 � 0.49 3.44 � 0.31 0.29 <

.001***
Week 20 5.7 � 0.47 3.40 � 0.30 0.25 <

.001***
Week 24 5.35 � 0.47 3.23 � 0.30 0.26 .0002***

N, number; NRS, neurotoxicity rating scale; NRS somatic pain score, sum of the
items 18, 19 and 20 of the NRS, which stand for generalized pain, arthralgia and
other pain, respectively; SE, standard error. *indicates a statistical significance of
p < .05. **indicates a statistical significance of p < .01. ***indicates a statistical
significance of p < .001.
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of somatic pain, especially non-specific musculoskeletal complaints, on
the occurrence of depression (Gerber et al., 1992). On the other hand, we
observed a decline in the intensity of somatic pain symptoms after the 8th
week (Appendix Fig. A.1). We speculate this decline was due to tolerance
to side effects of IFN-α therapy. Interestingly, previous studies (Adinolfi
et al., 2017; Huckans et al., 2015) has observed improved depressive and
somatic symptoms after the termination of IFN-α, particularly in patients
who achieved viral clearance. It was suggested that IFN-α as a
pro-inflammatory cytokine, contributes to peripheral immune activation
and is pertinent with psychiatric symptoms. Upon viral clearance, there’s
a restoration of dysfunctional immune system and an improvement of
mood disorders (Huckans et al., 2015). Despite there was a decline in
NRS levels after the 8th week, Dep group still perceived a greater in-
tensity of somatic pain symptoms in the final week than the non-Dep
group (Appendix Fig. A.1). This raise the question as to the extent of
restoring immune dysregulation upon viral clearance. However, our
study design has prevented us from elucidating the effect of IFN-α on
immune dysregulation and the variety in intensity in somatic pain.
Table 3
Correlation between different weeks of NRS somatic pain score in dep group.

Baseline
Week 0

2nd week 4th week 8th w

r

NRS of Baseline 1
NRS of 2nd week .863*** 1 - -
NRS of 4th week .693*** .869*** 1 -
NRS of 8th week .635*** .717*** .786*** 1
NRS of 12th week .612*** .742*** .759*** .856*
NRS of 16th week .462*** .569*** .595*** .668*
NRS of 20th week .581*** .656*** .645*** .716*
NRS of 24th week .549*** .689*** .690*** .693*

NRS, neurotoxicity rating scale; NRS somatic pain score, sum of the items 18, 19 a
respectively; Dep, Depression group; SD, standard deviation. r, Pearson coefficient. *

4

Future study is warranted. In addition, we also observed that pain scores
were higher at baseline in the group that became depressed when
compared with the non-Dep group. This may imply that one’s vulnera-
bility to pain may increase the risk for IFN-α therapy induced depression.

Of note, women perceived more somatic pain symptoms than men,
and were more vulnerable to IFN-α induced depression (Appendix
Table A.1). The gender dependency theory of depression has been pro-
posed to result from a specific phenotype referred as “somatic depres-
sion,” which is more prevalent among women (Silverstein et al., 2013).
Somatic depression among women was correlated with somatic symp-
toms of insomnia, loss of appetite and headache (Silverstein et al., 2013).
Literature has attributed prevalence of somatic pain symptoms to the
high prevalence of anxiety in women, and their tendency to report stress
and somatic complaints in clinical settings (Jackson et al., 2003). In our
study, woman perceive higher levels of somatic pain, which might be
attributed to their vulnerability to somatic depression and expressive
nature in reporting pain symptoms.

The strength of our study encompasses a large sample size and is
comprehensive in study duration by including the entire 24 weeks of
Interferon-alpha regimen. Our study has several limitations. Firstly, we
could not analyze the positive predictive value of NRS somatic pain score
in patients who later developed depression because there’s no consensus
on the specific thresholds for rating mild to severe somatic symptoms. We
could only interpret higher scores as having more somatic pain symptoms
in a qualitative manner. However, the use of NRS in assessing somatic
complaints had been verified by previous literatures (Li et al., 2016;
Loftis et al., 2013; Valentine et al., 1995). Moreover, concordant with
recent study (Su et al., 2019) applying NRS in assessment, our study
concluded that IFN-induced depression was pertinent with more somatic
symptoms, and pain in particular. Interestingly, this aberrant perception
of pain was noted to have an early occurrence, which warrants early
interventions. Secondly, because of ethical concerns we did not have
control group that received placebo treatments for HCV infection. Lastly,
aside from interferon based regime, there has been a recent introduction
of direct-acting antivirals (DAA), which was effective and safe in treating
HCV patients. However, the high cost of DAA has restricted its use to
patients with advanced liver disease in resource limited regions (Feld,
2014). Moreover, research suggested that co-administrating of IFN-α
with multiple DAAs in chronic hepatitis is necessary for multiple drug
resistant patients (Aronsohn and Jensen, 2014). Given that IFN could
serve as the main therapy or as an adjunct to DAA or even as the salvage
therapy in managing multidrug resistant HCV infection, the effect of IFN
on depression remains essential in clinical practice.

5. Conclusion

IFN-α therapy induces significant somatic pain symptoms as early as
the 2nd week of treatment in HCV patients who later developed MDD.
This study further demonstrated the 8th week as a critical time point,
since the incidence of MDD is the highest and theMDD patients perceived
the greatest somatic pain symptoms. Moreover, the initial NRS somatic
eek 12th week 16th week 20th week 24th week

- - - -
- - - -
- - - -

** 1 - - -
** .753*** 1 - -
** .764*** .868*** 1 -
** .809*** .855*** .933*** 1

nd 20 of the NRS, which stand for generalized pain, arthralgia and other pain,
** indicates a statistical significance of p < .001
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pain score before treatment may be used as a reference value to predict
the susceptibility of the individual to depression. Intervention strategies
for early-onset somatic symptoms in HCV patients receiving IFN-α ther-
apy may prevent the later onset of depression.
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Appendix

Fig. A.1. NRS pain score in Dep group (solid line) and non-Dep group (dotted line).
Dep group, patients with IFN-α induced depression; N, number; Non-Dep, patients without IFN-α induced depression; NRS, neurotoxicity rating scale; NRS somatic
pain score, sum of the items 18, 19 and 20 of the NRS, which stand for generalized pain, arthralgia and other pain, respectively. The overall tests of two-way ANOVA:
F(1, 295) ¼ 62.08, p < .001 for depression effect; F(7, 2065) ¼ 7.44, p < .001 for time effect; and F(7, 2065) ¼ 3.61, p < .001 for interaction of time and depression;
***indicates a statistical significance of p < .001 from post hoc tests of ANOVA.
Table A.1
Gender Differences in Somatic pain associated with depression

Male Female p value
(n ¼ 165)
 (n ¼ 132)
Age, years (mean � SD)
 48.88 � 10.86
 51.84 � 10.77
 .020*

Education (years)
 10.30 � 3.57
 8.33 � 4.59
 < .001***

Marriage, n
 .006**

Married (%)
 145 (87.9%)
 99 (75%)

Single/divorced (%)
 20 (12.1%)
 33 (25%)
Previous Depression history (%)
 4 (2.4%)
 11 (8.3%)
 .041*

Depression during Interferon therapy
 36 (21.8%)
 51(38.6%)
 .002**

Baseline NRS scores (mean � SD)
 2.66 � 4.82
 4.55 � 6.34
 .005**

Week 02
 3.15 � 4.65
 5.43 � 6.41
 .0007***

Week 04
 3.15 � 4.39
 5.96 � 6.58
 < .001***

Week 08
 3.57 � 4.50
 5.83 � 6.48
 .0008***
(continued on next column)
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Table A.1 (continued )
Male
6

Female
 p value
(n ¼ 165)
 (n ¼ 132)
Week 12
 3.58 � 4.53
 5.67 � 6.48
 .0019**

Week 16
 3.55 � 4.65
 5.32 � 6.10
 .0062**

Week 20
 3.24 � 4.51
 5.12 � 6.02
 .0031**

Week 24
 2.96 � 4.27
 4.95 � 6.22
 .0019**
NRS, neurotoxicity rating scale; NRS somatic pain score, sum of the items 18, 19 and 20 of the NRS, which stand for generalized
pain, arthralgia and other pain, respectively; SD, standard deviation. *indicates a statistical significance of p < .05. **indicates a
statistical significance of p < .01. ***indicates a statistical significance of p < .001.
Table A.2
Effect of Depression on NRS Somatic Pain Scores through Treatment Course

df Type III Sum of Squares Mean Square F P value
Depression
 1
 9438.51968
 9438.51968
 62.08
 <.001***

Time(Weeks)
 7
 436.16817
 62.30974
 7.44
 <.001***

Time*Depression Interaction
 7
 211.64643
 30.23520
 3.61
 .0007***

Error of Time*Depression
 2065
 17283.14696
 8.36956
Two-way ANOVA was run on a sample of 297 participants to examine the effect of time and depression on NRS somatic pain scores. The results of two-way ANOVA: F(1,
295) ¼ 62.08, p < .001 for depression effect; F(7, 2065) ¼ 7.44, p < .001 for time effect; and F(7, 2065) ¼ 3.61, p < .001 for interaction of time and depression;
***indicates a statistical significance of p < .001 from post hoc tests of ANOVA.

Table A.3
Correlation Between Different Weeks of NRS Somatic Pain Score in Non-Dep Group

Baseline 2nd week 4th week 8th week 12th week 16th week 20th week 24th week

Week 0
r

NRS of Baseline
 -

NRS of 2nd week
 .686***
 -
 -
 -
 -
 -
 -
 -

NRS of 4th week
 .651***
 .695***
 -
 -
 -
 -
 -
 -

NRS of 8th week
 .571***
 .600***
 .777***
 -
 -
 -
 -
 -

NRS of 12th week
 .677***
 .593***
 .719***
 .780***
 -
 -
 -
 -

NRS of 16th week
 .483***
 .508***
 .572***
 .680***
 .717***
 -
 -
 -

NRS of 20th week
 .453***
 .502***
 .600***
 .671***
 .718***
 .794***
 -
 -

NRS of 24th week
 .483***
 .474***
 .600***
 .711***
 .742***
 .797***
 .896***
 -
NRS, neurotoxicity rating scale; NRS somatic pain score, sum of the items 18, 19 and 20 of the NRS, which stand for generalized pain, arthralgia and other pain,
respectively; Non-Dep group, non-depression group; SD, standard deviation. r, Pearson coefficient. *** indicates a statistical significance of p < .001.
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