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Abstract

Background: Few studies have examined clinically relevant mechanisms that underlie the association between two
important indices of recovery— depression severity and health-related quality of life (HRQOL) in psychiatric
outpatients. This study aimed to explicate the roles of pain interference and pain severity as mediating and
moderating mechanisms in the relationship between depressive symptoms and HRQOL.

Methods: Data from 290 outpatients diagnosed with schizophrenia (n = 102), depressive (n = 98), and anxiety (n =
90) disorders were examined. Participants completed a set of questionnaires that queried their sociodemographic
statuses, current pain severity and interference levels, depression severity levels, and HRQOL. Subsequently,
mediation and moderation analyses were conducted.

Results: Analyses revealed that pain interference fully mediated the relationship between depressive symptoms
and physical (34% of the total effect) but not mental HRQOL. At high pain levels (+ 1 SD from mean), depressive
symptoms may interfere with physical quality of life through pain interference, but this was not present at low pain
levels (− 1 SD from mean).

Conclusions: Prolonged pain symptoms could negatively influence psychiatric recovery beyond the physical aspect
of HRQOL. These results thus imply a need to detect and manage severe physical pain complaints at the acute
stage in psychiatric outpatients.
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Introduction
Symptoms of depression, such as low mood, fatigue, and
low self-esteem, can adversely affect recovery in psychi-
atric illnesses [1, 2]. Depressive symptoms are, however,
prevalent, due to the overlapping aetiologies between se-
vere mental illnesses and clinical depression [3, 4] such
as in schizophrenia [5] and anxiety disorders [6]. More

generally, clinical depression adversely affects all aspects
of health-related quality of life (HRQOL); [7–9])─a
multidimensional construct that involves subjective eval-
uations of one’s well-being in various life domains con-
cerning physical and mental health [10]. Unlike other
generic measures of quality of life, HRQOL is of greater
relevance in healthcare due to its close association with
disease recovery [10–12].
The negative effects of depressive symptoms on both

overarching domains of HRQOL are well documented,
accounting for a modest amount (11–33%) of variance
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of the physical aspect and a large amount of variance
(32–52%) of the mental aspect of HRQOL [13, 14]. A
modest amount of variance shared with HRQOL sug-
gests that there are other unmeasured constructs that
may further account for its association through potential
underlying pathways [15–17]. While there have been at-
tempts to identify the underlying mechanisms between
psychiatric symptoms and psychosocial functioning [18,
19], very few attempts have been made to identify clinic-
ally relevant mechanisms that are specific to relevant to
psychiatric symptoms and both physical and mental as-
pects of HRQOL among patients with psychiatric disor-
ders. Thus, we propose that pain could function as a
mediating/moderating mechanism underlying the link
between depressive symptoms and HRQOL via its level
of severity and interference.
Pain is defined as “an unpleasant sensory and emo-

tional experience associated with, or resembling that as-
sociated with, actual or potential tissue damage” [20].
Clinical pain is commonly referred to as pathological
physical pain that has a lasting and severe negative im-
pact on health and well-being. While it is typically as-
sumed that pain symptoms are solely relevant to
depressive disorders as they are highly comorbid [21],
research has shown that this is largely untrue, as physical
pain symptoms can occur across severe mental illnesses
[22]. According to meta-analytic studies, pain symptoms
(including chronic pain) have been reported in 35% of
individuals with schizophrenia [23], but more substan-
tially, in 65% of individuals with depression [24]. Pain
complaints in primary care patients are known to be as-
sociated with greater anxiety symptoms or comorbid
anxiety disorders [25, 26].
Depression and clinical pain are inter-connected by

neurobiological pathways [27, 28] and can have recipro-
cal effects on each other; their synergistic effects are re-
ported to have significant impartments on quality of life.
For instance, having both severe depressive symptoms
and clinical pain are associated with greater disability
than those with either one condition only [29, 30]. Add-
itionally, pain interference, which is the level of intrusion
into daily living that is affected by pain, significantly af-
fects global functioning in severe mental illnesses [22].
In various other studies, pain interference reportedly
play a significant mediating role in the association be-
tween primary functioning (e.g. affective outcomes,
motor or cognitive functioning) and secondary function-
ing (e.g. self-reported overall/generic functioning and
disability) in individuals with various physical health
conditions [31–33].
Depression, pain, and quality of life have been shown

to be associated in numerous studies, but most were
studied in isolation as bivariate conditions and within
the boundaries of physical illnesses (as the primary

condition). Moreover, while it is well-documented that
depressive symptoms underlie pain and functioning in
patients primarily diagnosed with chronic physical disor-
ders [34, 35], very little is understood about how current
pain could explain the association between depressive
symptoms and functioning in patients primarily diag-
nosed with psychiatric disorders. Thus, the purpose of
this study was to examine the role of pain (severity and
interference) in the association between depressive
symptoms and health-related quality of life (HRQOL)
outcomes in a heterogeneous psychiatric sample. We
had chosen to study clinical pain in a transdiagnostic
sample as pain complaints are prevalent across severe
mental illnesses [22]. Furthermore, schizophrenia and
affective disorders (i.e., depressive and anxiety disorders)
comprise the majority of outpatient cases seen at the In-
stitute of Mental Health (IMH), the sole tertiary psychi-
atric hospital in Singapore. Thus, the inclusion of these
patients in the study ensures that the study results are
relevant to the population served by the institution.
We hypothesized that pain severity would moderate

the relationship between depressive symptoms and pain
interference. Depressive symptoms will be positively as-
sociated with pain interference in individuals with high
pain severity (hypothesis 1, simple moderation model,
Fig. 1). Next, severe pain interference would mediate the
relationship between depressive symptoms and HRQOL
(hypothesis 2, simple mediation model, Fig. 2). Finally,
pain severity would moderate the indirect relationship
between depression and HRQOL through pain interfer-
ence in a moderated mediation model. Specifically, the
indirect effect of depressive symptoms on quality of life
through pain interference is dependent on high levels of
pain severity (hypothesis 3, moderated mediation model,
Fig. 3).

Methods
Procedure
Individuals seeking outpatient treatment at the Institute
of Mental Health (IMH) in Singapore were invited to
participate through poster and flyer advertisements
posted in the clinic or were referred by their attending
doctors. When contacted, members of the research team
explained to patients the details of the study which in-
cluded the risks, benefits, and voluntary nature of their
participation. Written informed consent was obtained
from all participants after the study procedures had been
fully explained. Participants completed a set of question-
naires on their own and were reimbursed an inconveni-
ence fee of 30 Singapore dollars at the end of the survey.
The inclusion criteria were: 21 to 65 years of age, literate
in the English language, and diagnosed with schizophre-
nia, depressive, or anxiety disorders. The participants’
diagnoses were extracted from their electronic medical
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records. Individuals who were deemed unwell or unfit to
provide consent by the research team or their attending
clinicians at the point of recruitment were excluded.
The present study was carried out in accordance with
the latest version of the Declaration of Helsinki and was
approved by the ethics committee of the Domain Spe-
cific Review Board of the National Healthcare Group,
Singapore (DSRB No.: 2016/01159).

Instruments
The measurement tools used in this study are described
below:

1. Brief Pain Inventory - Short Form (BPI-SF) is a
9-item questionnaire that measures clinical pain
[36]. The items that were utilized in this study
are items 3 to 6 which measure pain severity at

its “worst”, “least”, “average”, and “now” (current
pain i.e., pain experienced in the last 24 h), and 7
items (denoted as A to G) nested within item 9
which measure pain interference or the level of
intrusion into daily living (e.g., general activity,
mood, or sleep) that is affected by pain. Partici-
pants rated each item on a Likert scale of 0 to
10; higher scores indicate greater pain severity
and pain interference. Two composite scores
measuring two dimensions of pain, 1) pain sever-
ity and 2) pain interference, were calculated by
taking the average of the sum of 4 (items 3 to 6)
and 7 (A to G) items respectively. The BPI-SF
has good psychometric properties in assessing
pain in primary care [37, 38] and across cul-
tures [39]. Calculated Cronbach alphas showed
good internal consistency in our sample, α = 0.94

Fig. 1 Conceptual illustration of hypothesized moderation model (Model 1). The conceptual illustration depicts the interaction between
depressive symptoms and pain severity on pain interference

Fig. 2 Statistical illustration of hypothesized mediation model (Model 2). Paths depict unstandardized beta coefficients of direct effects of
depressive symptoms on physical quality of life (QOL) and pain interference as well as direct effect of pain interference on physical QOL. Solid
lines represent significant effects and dotted lines represent non-significant effects. **p < 0.01, ***p < .001
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for pain severity, and α = 0.96 for pain
interference.

2. Beck’s Depression Inventory II (BDI-II) is a revised
edition of the original BDI scale [40] that measures
severity of depressive symptoms. Participants rated
each item on a Likert scale of 0 to 3. A total score
is calculated by the summation of all 21 items,
giving a total score range of 0 to 63, with higher
scores representing more severe depressive
symptoms. This scale has good psychometric
properties [41] and a good level of internal
consistency was confirmed in our sample
(Cronbach’s α = 0.96).

3. Short Form Health Survey (SF-12) is a short 12-
item questionnaire that measures health-related
quality of life (HRQOL) by calculating physical
(PCS) and mental (MCS) composite summary
scores based on Ware et al. [42]. Higher scores on
the PCS and MCS denote better quality of life
in the respective domains. The SF-12 is a valid
measure of HRQOL in severe mental illnesses
[43].

4. Sociodemographic questionnaire that had questions
on age, gender, ethnicity, and diagnosis.

Data on age, gender, diagnosis (depression, anxiety,
or schizophrenia), and anxiety symptoms measured
by Beck’s Anxiety Inventory (BAI) were included in
the current study as control variables. These vari-
ables were selected based on their significant associ-
ations with the primary outcome, such as quality of

life [44] and with clinical outcomes, such as depressive
symptoms [45, 46].

Sample size
The data was extracted from a larger study. The sample
size was calculated using statistical power calculation for
single proportion formula based on prevalence of pain in
adult psychiatric patients (18.6%) [47] to produce a pre-
cise estimate with a margin of error equal to 5%. We
aimed to achieve a target sample of at least 232 patients
to provide sufficient precision to measure the prevalence
of this condition. After adjusting for 25% incomplete
returns, the sample size required to establish prevalence
of chronic pain in a psychiatric outpatient population
was 300 patients. A final sample of 290 participants were
analysed. Mediation and moderation analyses was con-
ducted on a total of 242 participants after listwise dele-
tion of missing values.

Data analysis
All statistical analyses were performed using the Statis-
tical Package for Social Sciences (SPSS) version 25.0,
with alpha set at 0.05 for all procedures. Individual t-
tests, analysis of variance (ANOVA) and correlation ana-
lyses were conducted to examine the bivariate associa-
tions among all study variables. Mediation and
moderation analyses based on ordinary least squares re-
gressions were performed using the PROCESS 3.3 tool
[48]. The effect size in terms of f2 was calculated and
interpreted according to Cohen’s (1988) criteria: f2 = 0.2
(small), f2 = 0.25 (moderate), and f2 = 0.4 (large).

Fig. 3 Conceptual illustration of hypothesized moderated mediation model (Model 4). The conceptual illustration depicts the interaction term
(i.e., depressive symptoms x pain severity) on pain interference. Paths depict unstandardized beta coefficients of direct effects of depressive
symptoms on physical quality of life (QOL) and pain interference as well as direct effect of pain interference on physical QOL. Solid lines
represent significant effects and dotted lines represent non-significant effects
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The hypothesized moderation model (Model 1; Fig. 1)
examined whether pain severity moderated the relation-
ship between depressive symptoms and pain interference
while controlling for age, gender, primary diagnosis, and
anxiety symptoms. Variables depressive symptoms and
pain severity were first centered and multiplied to obtain
the interaction term (depressive symptoms x pain severity).
Next, moderation analysis was conducted using depressive
symptoms, pain severity, the interaction term as the inde-
pendent variables, and pain interference as the dependent
variable. Significant interactions were probed using the
pick-a-point approach (±1 standard deviation; [49]).
Two hypothesized mediation models controlling for

the same set of variables were examined to determine
whether pain interference mediated the relationship be-
tween depressive symptoms and HRQOL (Model 2; Fig.
2) and whether pain interference mediated the relation-
ship between depressive symptoms and mental quality of
life (Model 3). Bootstrapped 95% confidence intervals
(CI) based on 5000 iterations were used to determine
the significance of indirect effects [48].
Following our results of Models 1 to 3, we tested the

hypothesis that pain severity moderated the indirect ef-
fect of depressive symptoms and physical quality of life
through pain interference while controlling for the same
set of variables (Model 4; Fig. 3). This conditional
process model of moderated mediation simultaneously
examined the integrated influence of pain severity (mod-
erator) and pain interference (mediator) on the relation-
ship between depressive symptoms and physical quality
of life. In our hypothesized moderation mediation
model, we tested the moderation of the effect of depres-
sive symptoms on pain interference. The moderation of

the indirect effect was determined by the statistical sig-
nificance of the index of moderated mediation [48]. Fi-
nally, the analyses were repeated by replacing the
composite score of pain severity with a single item score
on the BPI-SF for “average” pain, and the results were
similar.

Results
Sample characteristics and preliminary analyses
The mean age of participants was 40 years (M = 39.6,
SD = 11.6) and the sample comprised three diagnostic
groups: schizophrenia (35.2%), depression (33.8%), and
anxiety disorders (31%). Slightly more than half of the
sample was female (51%). ANOVA analyses revealed sig-
nificant differences in BDI-II scores, F(2,249) =23.3,
p < .001, and MCS scores, F(2,285) =27.2, p < .001, be-
tween diagnostic categories. T-tests indicated no signifi-
cant differences in BDI-II, BPI-SF, PCS, and MCS scores
between gender. See Tables 1 and 2 for a summary of
the descriptive characteristics and correlations.

Moderation analyses
Moderation analysis of Model 1 revealed a significant
positive interaction between depressive symptoms and
pain severity on pain interference (f2 = 2.72, p < .001): de-
pressive symptoms x pain severity (b = 0.01, SE = 0.002,
95% CI [0.005 to 0.01], p < .001). Figure 4 depicts the
interaction plot of depressive symptoms and pain sever-
ity on pain interference. The interaction revealed that at
high pain severity (+ 1 SD from mean; conditional ef-
fect = 0.05, SE = 0.01, 95% CI [0.03 to 0.07], p < .001), de-
pressive symptoms were significantly related to more
severe pain interference. Depressive symptoms were not

Table 1 Means, standard deviations, and 95% confidence intervals of BDI-II, BPI-SF, and SF-12 by diagnosis categories and gender

BDI-II BPI-SF SF-12

Pain severity Pain interference PCS MCS

Mean
(SD)

95% CI Mean
(SD)

95% CI Mean
(SD)

95% CI Mean
(SD)

95% CI Mean
(SD)

95% CI

lower upper lower upper lower upper lower upper lower upper

Diagnosis categories

Schizophrenia
(n = 102)

11.7(12.5) 9.0 14.3 2.4(2.5) 1.9 2.9 2.3(2.5) 1.8 2.8 46.7(8.3) 44.9 48.4 45.7(10.8) 43.5 48.0

Depression
(n = 98)

26.9(16.7) 23.2 30.6 3.1(2.7) 2.5 3.7 3.2(3.1) 2.5 3.9 47.1(9.3) 45.0 49.1 34.0(12.5) 31.3 36.8

Anxiety (n = 90) 20.8(15.6) 17.2 24.4 2.7(2.2) 2.2 3.2 2.4(2.6) 1.8 3.0 48.6(8.6) 46.6 50.5 37.8(11.9) 35.1 40.5

Gender

Male (n = 142) 20.0(16.1) 17.1 22.9 2.8(2.6) 2.3 3.3 2.8(2.8) 2.3 3.3 47.9(8.8) 46.3 49.4 39.4(12.8) 37.1 41.7

Female
(n = 148)

19.0(16.3) 16.1 22.0 2.6(2.5) 2.2 3.1 2.4(2.7) 2.0 2.9 47(8.6) 45.4 48.5 39.4(12.6) 37.2 41.7

note: BDI-II is the Beck’s Depression Inventory II; BPI-SF is the Brief Pain Inventory Short Form Scale; SF-12 is the Short Form Health Survey comprising of the
Physical and Mental composite summary scores PCS and MCS; SD is standard deviation; CI is confidence interval; Significant differences were found between
diagnosis categories in BDI-II and MCS scores p < .001; No significant differences between gender were present in this sample; Missing values were
deleted listwise
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significantly related to pain interference at low pain se-
verity (− 1 SD from mean; conditional effect = 0.0003,
SE = 0.01, 95% CI [− 0.02 to 0.02], p = 0.98). The results
suggest that the association between depressive symp-
toms and pain interference was observed only in individ-
uals with high pain severity.

Mediation analyses
Mediation analysis of Model 2 revealed a significant in-
direct effect of depressive symptoms on physical quality
of life via pain interference, b = − 0.04, SE = 0.02, 95% CI
[− 0.08 to − 0.01]. The ratio of the indirect effect (i.e.,
the percentage of total effect that is accounted for and
by the indirect effect) was 54.6%. The direct effect of de-
pressive symptoms on physical quality of life was not
significant, b = − 0.04, SE = 0.04, 95% CI [− 0.12 to 0.05].

This suggests that pain interference fully mediated the
effects of depressive symptoms on physical quality of life
(Fig. 2). The mediation model (Model 2) accounted for
34% of the variance in physical quality of life and
achieved a large effect size (f2 = 0.52). In contrast to
Model 2, mediation analysis of Model 3 revealed a non-
significant indirect effect of depressive symptoms on
mental quality of life via pain interference, b = − 0.004,
SE = 0.01, 95% CI [− 0.03 to 0.02]. Therefore, pain inter-
ference did not mediate the effects of depressive symp-
toms on mental quality of life.

Moderated mediation analysis
Following our significant results for Models 1 and 2, we
integrated both models together and analysed a condi-
tional process model of moderated mediation (Model 4;
Fig. 3). The results revealed a significant index of
moderated mediation (Index = − 0.01, SE = 0.004, 95% CI
[− 0.02 to − 0.01]. This indicates that the indirect effect
of depressive symptoms on physical quality of life via
pain interference was dependent on the level of pain
severity (f2 = 0.52). Specifically, at high levels (+ 1 SD
from mean) of pain severity, the indirect effect was sig-
nificant (b = − 0.06, SE = 0.02, 95% CI [− 0.10 to − 0.03]);
however, at low levels (− 1 SD from mean) of pain
severity, the indirect effect was reduced and rendered
non-significant. The effect size of the moderated medi-
ation (i.e., the ratio of the conditional indirect effect to
total effect) was 61.3% for high pain severity.

Table 2 Bivariate correlations between age, BDI-II, BPI-SF, SF-12
scores

1 2 3 4 5 6

age – −0.18 0.11 0.07 −0.32 0.25

BDI-II – 0.42 0.52 −0.28 − 0.76

Pain severity – 0.82 −0.51 −0.29

Pain interference – −0.53 −0.36

PCS – −0.003

MCS –

note: BDI-II is the Beck’s Depression Inventory II; Pain severity and interference
are components of BPI-SF; Physical and Mental composite summary scores
PCS and MCS are components of the SF-12; values in bold represent
significance at p < .05

Fig. 4 Results illustrating the interaction between depressive symptoms and pain severity on pain interference. Values plotted were based on
predicted pain interference scores from the regression equation using centered mean and centered scores ±1 standard deviation (SD) from the
mean of depressive symptoms and pain severity
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Discussion
Past research found that psychiatric outpatients with de-
pressive symptoms generally report lower health-related
quality of life [7, 50] and it was proposed that pain could
function as a mechanism underlying this link, via its se-
verity and its level of interference. Specifically, this study
found that pain interference fully mediated the relation-
ship between depressive symptoms and physical
(explaining a large variance, 34% of the total effect) but
not mental HRQOL (Model 2 but not 3 was supported),
and the indirect effect of pain interference was contin-
gent on pain severity. At high pain levels (+ 1 SD from
mean), depressive symptoms may interfere with physical
quality of life through pain interference, but this was not
present at low pain levels (− 1 SD from mean).
Pain interference could indicate the presence of phys-

ical health complaints [22], comorbid physical condi-
tions [51, 52], and/or medically unexplained physical
symptoms [53] in the study sample. Psychosomatic
mechanisms, such as a hypersensitivity to or a cata-
strophic interpretation of physical pain sensations [54],
may amplify pain interferences on day-to-day living and
overall physical HRQOL during heightened depressive
states. It is further evidenced in a study by Osborne
et al. (2007), that the intensity of pain greatly influences
the level of interference on day-to-day functioning, ac-
counting for 35% of unique variance of pain interference
[55]. Coupled with severe pain, the indirect pathway of
pain interference on the association between depressive
symptoms and physical HRQOL becomes amplified.
Current pain interference did not mediate the associ-

ation between depressive symptoms and mental QOL
which was against expectations; however, several reasons
could account for it. It is well established that pain is the
strongest predictor of physical QOL and depressive
symptoms are the strongest predictor of mental QOL
[56]. In this study, depressive symptoms overlapped sig-
nificantly with mental HRQOL; bivariate correlation
analyses showed that pain interference was moderately
correlated with mental HRQOL (MCS; r = − 0.36) and by
contrast, depressive symptoms (BDI-II) were highly cor-
related with MCS (r = 0.76) due to highly overlapping
psychological constructs. Chronic pain is associated with
numerous mental health related outcomes, such as
future onset of depression [57], insomnia symptoms
[58], fatigue [59], and loneliness [60] or withdrawal from
social relationships [61]. As compared to current levels
of pain which was the focus of the current study, pain
could have a more deleterious impact on mental health
and functioning if it turns chronic over time [62]. Thus,
our findings may differ from studies, such as by Wong
et al. [63], due to the focus on current and not
chronic pain. Thus, the present evidence suggests the
need to address acute physical pain complaints as theye

have the potential to impact on mental well-being if
left unaddressed for too long.
As the current results are based on cross-sectional

data, there are several limitations that need to be consid-
ered. First, due to the complex and bi-directional nature
of the variables investigated, we are unable to ascertain
causal links between the variables despite utilizing medi-
ation analyses which could provide evidence for tem-
poral relationships. Second, there is also a lack of
objective measurements to corroborate self-reported
pain, which could aid in differentiating physical from
psychosomatic pain. Third, comorbid physical condi-
tions were neither controlled for nor analysed in this
study. Our results are considered preliminary and fur-
ther longitudinal work is required. Finally, while our
sample comprised of a diverse group of outpatients that
are commonly seen in the outpatient clinics, the
generalizability of our results is limited to those who
were well and willing to participate.
Detecting and addressing severe pain complaints in

psychiatric outpatients should be endorsed in recovery.
However, individuals seeking help at psychiatric hospi-
tals generally present more urgent psychological issues
at hand and pain becomes a secondary concern. As a
secondary symptom, pain is under-detected and under-
treated due to a lack of screening [64]. Issues such as
these highlight the challenges of treating the clinical
complexities of physical-mental comorbidities in psych-
iatry [65, 66]. Albeit preliminary, our results may be sup-
portive of interventions that address pain in recovery,
especially those presenting with severe depressive symp-
toms and pain complaints at the outpatient clinics. For
instance, supplementing pain self-management courses
into existing treatments and interventions, such as
pharmacotherapy or cognitive behavioural therapy, could
be considered as they have shown promise at improving
psychological, functioning, and quality of life outcomes
over time [67–69].
This study tested the moderating and mediating roles

of pain severity and interference. More importantly, it
addressed important questions about how and when
depressive symptoms would be associated with which
aspect of quality of life. As a common condition of day-
to-day living, pain can vary from mild to severe in inten-
sity. Future longitudinal studies may extend our findings
to determine if severe pain interference is an underlying
mechanism through which depressive symptoms nega-
tively influence health-related physical quality of life.
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