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Objectives
Pain can have a negative impact on sleep and emotional well-being. This study investigated
whether this may be partly explained by maladaptive sleep-related cognitive and behavioural responses to pain, including heightened anxiety about sleep and suboptimal sleep
hygiene.

Methods
This cross-sectional study used data from an online survey that collected information about
pain (Brief Pain Inventory), sleep (Pittsburgh Sleep Quality Index; Sleep Hygiene Index;
Anxiety and Preoccupation about Sleep Questionnaire) and emotional distress (PROMIS
measures; Perceived Stress Scale). Structural equation modelling examined the tenability
of a framework linking these factors.

Results
Of 468 survey respondents (mean age 39 years, 60% female), 29% reported pain (mean
severity 1.12), most commonly in the spine or low back (28%). Pain severity correlated with
poor sleep quality, poor sleep hygiene, anxiety about sleep and emotional distress. In the
first structural equation model, indirect effects were identified between pain severity and
sleep quality through anxiety about sleep (β = .08, p < .001) and sleep hygiene (β = .12, p <
.001). In the second model, an indirect effect was identified between pain severity and emotional distress through sleep quality (β = .19, p < .01). Combining these models, indirect
effects were identified between pain severity and emotional distress through anxiety about
sleep, sleep hygiene and sleep quality.
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Paths between pain, sleep quality and emotional distress

Conclusions
This study provides data to support the tenability of a theoretically guided framework linking
pain, sleep and emotional distress. If upheld by experimental and/or longitudinal study, this
framework holds the potential to inform public health initiatives and more comprehensive
pain assessment.

Introduction
Pain is a leading cause of disability worldwide and its prevalence is increasing in aging populations [1]. It presents a substantial burden to the individual, healthcare services and society and
can impact negatively on both sleep [2, 3] and mental health [4]. If left untreated, pain-related
sleep disruption may become chronic, causing emotional distress, with the potential for the
development of psychopathology [5]. Improved understanding of how pain impacts on sleep
and mental health is therefore important to ensure interventions that aim to reduce or prevent
pain-related poor health outcomes target the most relevant contributing factors.
Studies into the pain-sleep association have largely focused on the direction and the
strength of the relationship [6]. Although evidence indicates that sleep is a stronger driver of
pain, a bidirectional association is accepted and studies of adult populations have shown that
pain can have a negative, downstream impact on sleep quality and insomnia symptom onset
[2, 7]. As understanding of the association has improved, attention has shifted to the role of
biological, psychosocial, and behavioural factors on pathways between pain and sleep. However, the majority of studies have conceptualised pathways from sleep variables to pain rather
than vice versa [8]. Furthermore, sleep-specific psychological and/or behavioural factors,
including sleep-related anxiety and sleep hygiene behaviours, are yet to be examined as possible mediators.
Both anxiety about sleep and sleep hygiene behaviours may be influenced by pain and may
contribute to sleep quality. Previous research conducted with people with chronic pain has
demonstrated associations between pain intensity and specific sleep hygiene behaviours (e.g.
napping [9] and atypical bedtimes [10]). However, a lack of a correlation between pain intensity and sleep hygiene, captured by the Sleep Hygiene Index, has led to the proposition of indirect paths between pain intensity and sleep hygiene, including via anxiety [11]. Both anxiety
about sleep and sleep hygiene have been associated with poor sleep quality [11–13] and poor
sleep hygiene has been associated with the presence and persistence of insomnia [14]. An
examination of the contribution of anxiety about sleep and sleep hygiene on paths between
pain severity, sleep quality and emotional distress could provide empirical evidence to guide
development of an expanded framework to elucidate the complexity of the pain-sleep relationship and to support applications of cognitive-behavioural interventions for insomnia comorbid with pain. For example, heightened anxiety about sleep and suboptimal sleep hygiene
behaviours could represent maladaptive responses to pain and, if addressed early, could diminish sleep quality deterioration, breaking a chain to emotional distress.
Developing models that consider the impact of the pain-sleep association on mental health
is particularly pertinent given that, like pain, anxiety and major depressive disorder are leading
global causes of disability [1]. To incorporate greater complexity, modelling techniques that
simultaneously estimate multiple effects between pain, sleep and mental health variables are
needed. Structural Equation Modelling (SEM) can be applied to this end. SEM incorporates
factor and path analyses to estimate direct and indirect effects between theoretically associated
variables [15], while also addressing imprecision inherent in subjective measurements of pain,
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sleep quality and emotional distress. Accordingly, the aim of this study was to delineate a
model that described direct and indirect pathways between pain severity, sleep-related factors
and indicators of emotional distress in the general population. It was hypothesized that the
association between pain severity and sleep quality would be partly explained by sleep-related
anxiety and sleep hygiene, and that the association between pain severity and emotional distress would be explained, in part, by the effect of sleep-related cognitive-behavioural factors on
sleep quality.

Materials and methods
Procedure
Participants completed an online survey hosted via Qualtrics (www.qualtrics.com), a widely
used and participant-friendly platform, which participants could securely access via a link in a
recruitment advertisement after providing online informed consent. The study protocol was
approved by the Humanities and Social Sciences Research Ethics Committee of the University
of Warwick, UK, (approval number PGR_18-19/18) with participants recruited between May
and July 2019.

Participants
A self-selected convenience sample was recruited using a university research participant
recruitment platform, a university database of older adults interested in participating in
research, and through advertisement on Facebook. To be eligible, participants had to be �18
years old and able to complete an online survey in the English language. On survey completion, participants were given a £5 eGift Voucher.

Measures
The survey included questions about demographic and health-related information, pain,
sleep-related factors, and dimensions of emotional well-being.
Demographic and health-related factors. Participants answered closed-ended questions
about their age, gender, highest educational qualification, employment status, marital status,
and pregnancy status if applicable (“Are you currently expecting a baby in the next 12
months?”). They were also asked about their perceived health status (“In general would you
say your health is excellent, very good, good, fair, or poor?”), any history of sleep disorders
(“Have you ever been diagnosed as having a sleep disorder, e.g. sleep apnoea, restless leg syndrome, narcolepsy?”), and use of sleep modifying medications (“Are you currently using any
sleep medication?”) or other medications that can affect sleep (“Are you currently using any
other medication, prescribed or not prescribed, that may affect your sleep?”).
Pain. Pain was assessed using the 9-item Brief Pain Inventory Short Form (BPI-SF) [16],
an IMMPACT recommended core outcome measure for pain [17]. This instrument asks
about pain severity and pain interference in the last 24 hours, with possible responses on two
eleven-point scales ranging from 0 (no pain) to 10 (pain as bad as you can imagine) (pain
severity subscale) and 0 (does not interfere) to 10 (completely Interferes) (pain interference
subscale). This instrument has demonstrated good criterion and content validity as well as
good test-retest reliability and internal consistency [18–21]. Pain location was assessed using a
body manikin divided into areas based on the Manchester definition of widespread pain [22].
Respondents were asked to indicate with an X the region of the body that “hurts the most”.
Sleep quality. The Pittsburgh Sleep Quality Index (PSQI) was used to asses sleep quality
[23]. The PSQI asks about 7 components of sleep over the last month (sleep latency, sleep
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duration, habitual sleep efficiency, sleep disturbances, subjective sleep quality, use of sleeping
medication, and daytime dysfunction). Component scores are summed to calculate a global
score (possible range 0–21, higher scores indicating poorer sleep quality). A global score >5 can
be used to distinguish poor sleepers from good sleepers [23]. The PSQI has been shown to have
good content validity, test-retest reliability and a high level of internal consistency [23–26].
Sleep hygiene. The Sleep Hygiene Index (SHI) consists of 13 items that assess practice of
sleep hygiene behaviours [27]. Respondents are asked to assign a rating on a 5-point scale (0
“never”, 4 “always”) in response to the truth of each statement for them (e.g., “I go to bed at
different times from day to day”). A total score (possible range 0–52) is obtained by summing
all ratings, with higher scores representing poorer sleep hygiene. This instrument has been
reported as having good construct validity and test–retest reliability [27].
Anxiety about sleep. The Anxiety and Preoccupation about Sleep Questionnaire (APSQ)
[13], assesses anxiety about sleep problems. The instrument contains 10 items (e.g. “I worry
about the amount of sleep I am going to get every night”), with respondents asked to rate the
truth of each statement for them over the past month (1 “not true”; 10 “very true”). Higher
summed scores (possible range 10–100) represent more anxiety and preoccupation about
sleep. The APSQ has been shown to have good discriminant validity, convergent validity and
internal consistency [13, 28].
Symptoms of anxiety and depression. Symptoms of anxiety and depression were measured with the Patient-Reported Outcomes Measurement Information System (PROMIS)
Emotional Distress-Anxiety Short Form and the PROMIS Emotional Distress-Depression
Short Form, respectively [29]. Respondents are asked to assess their feelings/symptoms over
the past week (e.g., “My worries overwhelmed me” in the anxiety scale; “I felt hopeless” in the
depression scale). Each response scale consists of four items, rated 1 “Never” to 5 “Always”,
yielding a possible maximum raw score of 20. Higher scores indicate higher levels of anxiety/
depression. These instruments have demonstrated good construct validity [29].
Stress. The Perceived Stress Scale (PSS) is a 10-item questionnaire used to measure stress
level in the past month [30], e.g., “In the last month, how often have you found that you could
not cope with all the things that you had to do?” Item scores range from 0 (never) to 4 (very
often), with a summed possible total score range of 0–40 (higher score indicating higher levels
of perceived stress). The scale has high concurrent and predictive validity, and adequate internal and test-retest reliability [30].

Data analysis
Frequencies and percentages were calculated for all categorical variables and means and standard deviations (SD) for continuous variables, both for the total sample and for subgroups
with and without pain. Inclusion in the pain subgroup was determined by a positive response
to question 1 of the BPI-SF: ‘“Throughout our lives, most of us have had pain from time to
time (such as minor headaches, sprains, and toothaches). Have you had pain other than these
everyday kinds of pain today?”. To determine statistically significant differences between pain
status subgroups, Chi-square tests of independence (for categorical variables), two-tailed ttests of independence and Welch t-test (for continuous variables) were performed. To determine effect size, V-Cramer’s for categorical variables and d-Cohen’s for continuous variables
were calculated. Associations between all variables were determined using Pearson correlational analyses. A p value < .05 was used to determine statistical significance, and Cohen’s
guidelines were used to interpret correlation strength (weak: 0.1<r<0.3.; medium: 0.3<r<0.5;
strong: r>0.5) [31]. All respondents were included in correlational analyses and structural
equation modelling. Structural equation modelling with maximum likelihood estimation
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(IBM SPSS AMOS statistical package, version 26) was then used to examine direct and indirect
paths between pain, sleep and emotional distress variables. A bootstrapping method with
5,000 bootstrap resamples and 95% bias-corrected confidence intervals was used. Analyses
were carried out in two steps [32]. In step one, a measurement model was tested in which each
factor could covary with every other factor. Multicollinearity was addressed by removing factors if correlation exceeded r = ±80 [32]. As some latent variables were comprised of multiple
items there was a possibility of inflated measurement error. To mitigate this, item parcelling
was performed with three parcels constructed as per recommendations [33]. We followed an
algorithm described by Russel [34]: we fit a one-factor model to the items, rank-ordered them
on the basis of their loadings and summed them together so that the average loadings of each
group of items on the factor were as equal as possible. For the PSQI, summed subscales were
used instead of items. If the measurement model provided an acceptable fit to the data, in step
two iterative structural models were developed. Initially, a model that specified anxiety about
sleep and sleep hygiene on the path between pain severity and sleep quality was examined
(Model 1); then sleep quality on the path between pain severity and emotional distress was
examined (Model 2); and finally Models 1 and 2 were combined in a composite model (Model
3). Models were evaluated using several fit indices: normed-fit index (NFI), comparative
fit index (CFI), Tucker–Lewis index (TLI) and root-mean-square error of approximation
(RMSEA). TLI, CFI and NFI values � .95 indicated good model fit; values �.90 indicated
acceptable model fit. RMSEA values � .05 indicated good model fit; values � .08 were considered acceptable [35, 36]. Gaskin’s plugin was used to calculate specific indirect effects [37].

Results
Five-hundred individuals completed the online survey, with 468 participants included in analysis (188 males; 278 females; 2 people who identified as non-binary; mean age 39.0 years,
SD = 19.4). Of the 500 who completed the survey, respondents were excluded due to missing
data for demographic and health-related factors (n = 21), missing PSQI data (n = 2), and having more than 30% missing data (n = 1). Two participants who were pregnant were also
excluded. Six multivariate outliers were also identified and excluded (>3 SD). In the resulting
dataset (n = 468) a single imputation method was performed (i.e., mean/median substitution)
[38], since there were <5% missing responses for each variable. Additionally, we compared
results of correlational analyses from a dataset with imputed data to a dataset with observed
values only (i.e., listwise deletion) and did not find meaningful differences. Therefore, the
complete dataset with imputed values was used in further analyses.

Internal consistency of measurement instruments
Internal consistency of all instruments was analysed in the current sample and found to be
reasonable to excellent and comparable to previous reports: BPI-SF: Cronbach’s α = .86 (pain
severity subscale) and Cronbach’s α = .91 (pain interference subscale); PSQI: Cronbach’s α =
.76; PROMIS Emotional Distress-Anxiety Short Form: Cronbach’s α = .93; PROMIS Emotional Distress-Depression Short Form: Cronbach’s α = .95; PSS: Cronbach’s α = .88; SHI:
Cronbach’s α = .83; and APSQ: Cronbach’s α = .95.

Participant characteristics
Descriptive statistics for the sample are presented in Table 1. All participants were between 18
and 85 years (mean = 39, SD = 19.4). Most were female (60%) and of those who provided
information about their ethnicity, 78% were white. The majority had no history of a diagnosed
sleep disorder and did not take sleep or non-sleep medications. The proportion of good and
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Table 1. Participant characteristics and descriptive statistics of the study variables.
Total

No pain

Pain

N = 468

n = 334

n = 134

Female

278 (59.4%)

186 (55.7%)

92 (68.7%)

Male

188 (40.2%)

146 (43.7%)

42 (31.3%)

Non-binary

2 (0.4%)

2 (0.6%)

0 (0.0%)

38.97 ± 19.40

36.84 ± 18.76

44.30 ± 20.00

Asian

76 (16.2%)

54 (16.2%)

22 (16.4%)

Black

12 (2.6%)

10 (3.0%)

2 (1.5%)

χ2/t

p

V/d

Gender

Age (M, SD)

6.79

.021

.12

-3.81

< .001

.39

1.83

.801

.06

2.08

.179

.07

3.93

.057

.09

6.74

.010

.12

-6.13

< .001

.60

16.35

< .001

.19

14.20

.001

.17

12.77

.001

.17

Ethnicity

Mixed

11 (2.4%)

8 (2.4%)

3 (2.2%)

White

365 (78.0%)

260 (77.8%)

105 (78.4%)

Other

4 (0.9%)

2 (0.6%)

2 (1.5%)

Educational level
University degree

269 (57.5%)

185 (55.4%)

84 (62.7%)

No university degree

199 (42.5%)

149 (44.6%)

50 (37.3%)

Employed/Self-employed

176 (37.6%)

135 (40.4%)

41 (30.6%)

Other (studying, etc.)

292 (62.4%)

199 (59.6%)

93 (69.4%)

Married/In partnership

204 (43.6%)

133 (39.8%)

71 (53.0%)

Single

264 (56.4%)

201 (60.2%)

63 (47.0%)

Employment status

Marital status

2.71 ± 1.00

2.54 ± 0.91

3.14 ± 1.08

Good health

366 (78.2%)

280 (83.8%)

86 (64.2%)

Poor health

102 (21.8%)

54 (16.2%)

48 (35.8%)

Yes

34 (7.3%)

14 (4.2%)

20 (14.9%)

No

434 (92.7%)

320 (95.8%)

114 (85.1%)

Yes

24 (5.1%)

9 (2.7%)

15 (11.2%)

No

444 (94.9%)

325 (97.3%)

119 (88.8%)

Yes

55 (11.8%)

28 (8.4%)

27 (20.1%)

No

413 (88.2%)

306 (91.6%)

107 (79.9%)

Pain interference

1.19 ± 2.29

0.00 ± 0.00

4.15 ± 2.45

-

-

-

Pain severity

1.11 ± 2.02

0.00 ± 0.00

3.88 ± 1.85

-

-

-

Sleep quality

6.17 ± 3.51

5.40 ± 2.98

8.08 ± 3.99

-7.03

< .001

.81

Depression

52.85 ± 11.29

50.90 ± 10.80

57.80 ± 11.00

-6.24

< .001

.64

Perceived health status (M, SD)

History of sleep disorders

Taking sleep medication

Taking non-sleep medication

Anxiety

54.41 ± 11.30

52.40 ± 11.10

59.40 ± 10.20

-6.52

< .001

.64

Perceived stress

17.99 ± 7.89

17.00 ± 8.00

21.00 ± 8.00

-5.01

< .001

.51

Sleep hygiene

17.24 ± 8.36

17.00 ± 8.00

19.00 ± 9.00

-2.79

.006

.29

Anxiety about sleep

42.32 ± 23.22

39.29 ± 22.26

49.87 ± 23.92

-4.55

< .001

.47

Participants, who answered “Yes” to the first question of the BPI-SF, “Throughout our lives, most of us have had pain from time to time (such as minor headaches,
sprains, and toothaches). Have you had pain other than these everyday kinds of pain today?” were included in the “Pain” group. Participants who answered “No” were
included in the “No pain” group. Chi-square test of independence was conducted with categorical variables. SPSS Statistics’ Exact Module was employed where cells
have expected count less than 5: gender and ethnicity. Two-tailed t-test of independence and Welch t-test were conducted with continuous variables. V-Cramer’s effect
size was calculated for categorical variables. d-Cohen’s effect size was calculated for continuous variables.
https://doi.org/10.1371/journal.pone.0260614.t001
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poor sleepers was 52% (N = 244) and 48% (N = 224) respectively. Of the 28.6% (N = 134) who
reported pain, on average, severity and interference were mild (mean = 1.11, SD = 2.02 and
mean = 1.19, SD = 2.29, respectively). The most common location of pain (see S1 and S2
Tables) was the spine or low back (28%), followed by the head (19%), knee, lower leg, ankle or
foot (17%), hip or thigh (13%), abdomen (8%), shoulder or upper back (7%), forearm, wrist or
hand (2%), neck (1%) and chest (1%) (4% had missing data for pain location). Participants
with and without pain did not differ in terms of ethnicity, education and employment status.
When compared to individuals without pain, people with pain were significantly more likely
to be older, female, partnered, report worse health, have a history of sleep disorders, and be
more likely to be taking sleep and/or non-sleep mediations.

Correlational analysis
Table 2 presents the results of correlational analyses. Pain severity was moderately and positively correlated with poor sleep quality, anxiety and depression. Pain severity was also positively correlated with poor sleep hygiene, anxiety about sleep (both weak correlations) and
perceived stress (close to the pre-defined threshold for moderate correlation).

Structural equation modeling
Measurement model. The measurement model was comprised of five latent factors: pain
severity, anxiety and preoccupation about sleep, sleep hygiene, sleep quality and emotional distress. The pain severity factor was measured by four indicator variables (individual items on
the pain severity subscale of the BPI-SF). Anxiety about sleep, sleep hygiene and sleep quality
factors were comprised of three parcels each. The emotional distress factor was measured by
global scores from the Perceived Stress Scale, PROMIS Anxiety Scale Short Form and PROMIS
Depression Scale Short Form. The model was adjusted for age, gender, ethnicity, employment,
marital status, educational level, perceived health, sleep medication use, non-sleep medication
use, and history of sleep disorders. The model had acceptable fit statistics (χ2 = 544.43,
df = 204, χ2/df = 2.67, p < .001, NFI = .93; CFI = .96; TLI = .93; RMSEA = .06 (90% CI: .05.07). The standardized factor loadings were substantial, ranging from .69 to .96, Mdn = .89, p
� .001. Correlations between latent factors were statistically significant (p < .001).
Structural models. Figs 1–3 depict iterative, pre-specified structural models. Table 3 presents direct and indirect effects from all models.
Model 1 (Fig 1) tested the direct effect of pain severity on sleep quality as well as indirect
effects through two parallel indirect paths (anxiety about sleep, and sleep hygiene).
Table 2. Pearson correlations between variables used in the structural equation models.
1.

2.

1. Pain severity

—

2. Sleep quality

.44

—

3.

4.

5.

6.

3. Sleep hygiene

.16

.41

—

4. Anxiety about sleep

.25

.55

.57

5. Anxiety

.31

.51

.60

.61

—

6. Depression

.32

.53

.55

.54

.86

—

7. Perceived stress

.29

.48

.56

.57

.81

.80

—

N = 468. For sleep quality and sleep hygiene higher scores indicate poorer sleep quality/sleep hygiene. For all
correlations, p < .001.
https://doi.org/10.1371/journal.pone.0260614.t002
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Fig 1. Model 1—Indirect paths between pain severity and sleep quality. N = 468. Rectangles represent observed
variables and ovals represent latent variables. All values are standardized coefficients, except for values near variables,
which are squared multiple correlations. Error terms of variables are depicted as e1-e12. Control variables (age, gender,
ethnicity, employment and marital status, educational level, perceived health, taking sleep medications, taking nonsleep medications and history of sleep disorders) are not depicted to support visual clarity. For sleep quality and sleep
hygiene higher scores indicate poorer sleep quality/sleep hygiene.
https://doi.org/10.1371/journal.pone.0260614.g001

Modification indices in SPSS AMOS suggested an additional path from anxiety about sleep to
sleep hygiene. Given previous proposition that anxiety may lie on an indirect path between
pain intensity and sleep hygiene [11], this additional path was added to the model. This addition improved overall model fit (χ2 = 381.30, df = 149, χ2/df = 2.56, p < .001, NFI = .94; CFI =
.96; TLI = .93; RMSEA = .06 (90% CI: .05-.07)). The direct effect of pain severity on sleep quality was statistically significant (β = .19, p < .001), as was the indirect effect of pain severity on
sleep quality through anxiety about sleep (β = .08, p < .001), and the indirect effect of pain
severity on sleep quality through anxiety about sleep and sleep hygiene (β = .12, p < .001).
However, the indirect effect of pain severity on sleep quality through sleep hygiene alone was
not statistically significant (β = .02, p>.05). This model accounted for 68% of the total variance
of sleep quality.
Model 2 (Fig 2) specified sleep quality on the indirect path between pain severity and emotional distress. Fit indices were acceptable: χ2 = 276.55, df = 103, χ2/df = 2.69, p < .001, NFI =
.95; CFI = .97; TLI = .94; RMSEA = .06 (90% CI: .05-.07). The direct effect of pain severity on
emotional distress was not statistically significant (β = .10, p>.05). However, the indirect effect
of pain severity on emotional distress via sleep quality was (β = .19, p < .01). This model
accounted for 50% of the total variance of emotional distress.
Model 3 (Fig 3) was identical to model 1, except that the emotional distress latent variable
was added as well as two additional paths: from pain severity and from sleep quality to emotional distress. The model demonstrated acceptable fit to the data: χ2 = 603.08, df = 207, χ2/df
= 2.91, p < .001, NFI = .92; CFI = .95; TLI = .92; RMSEA = .06 (90% CI: .06-.07). Pain severity
was associated with sleep quality (β = .19, p < .001), and anxiety about sleep (β = .22, p <
.001), but not with sleep hygiene (β = .06, p > .05), or emotional distress (β = .00, p > .05).
Two indirect paths connecting pain severity and sleep quality were statistically significant:
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Fig 2. Model 2—Sleep quality on an indirect path between pain severity and emotional distress. N = 468.
Rectangles represent observed variables and ovals represent latent variables. All values are standardized coefficients,
except for values near variables, which are squared multiple correlations. Error terms of variables are depicted as
e1-e16. Control variables (age, gender, ethnicity, employment and marital status, educational level, perceived health,
taking sleep medications, taking non-sleep medications and history of sleep disorders) are not depicted to support
visual clarity. For sleep quality and sleep hygiene higher scores indicate poorer sleep quality/sleep hygiene.
https://doi.org/10.1371/journal.pone.0260614.g002

through anxiety about sleep (β = .08, p < .001), and two sequential factors: anxiety about sleep
and sleep hygiene (β = .12, p = < .01). The indirect path between pain severity and sleep quality
through sleep hygiene was not statistically significant (β = .02, p>.05). Three indirect paths
connecting pain severity and emotional distress were statistically significant. The first path
involved sleep quality as a mediator (β = .16, p < .01). The second path involved two mediators: anxiety about sleep and then sleep quality (β = .08, p < .001). The third path involved
three mediators: anxiety about sleep, then sleep hygiene and then sleep quality (β = .12, p <
.01). The indirect path connecting pain severity and emotional distress (via sleep hygiene and

Fig 3. Model 3—Pathways linking pain severity, sleep quality and emotional distress. N = 468. Rectangles represent
observed variables and ovals represent latent variables. All values are standardized coefficients, except for values near
variables, which are squared multiple correlations. Error terms of variables are depicted as e1-e20. Control variables
(age, gender, ethnicity, employment and marital status, educational level, perceived health, taking sleep medications,
taking non-sleep medications and history of sleep disorders) are not depicted to support visual clarity. For sleep quality
and sleep hygiene higher scores indicate poorer sleep quality/sleep hygiene.
https://doi.org/10.1371/journal.pone.0260614.g003
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Table 3. Standardized direct and indirect effects for models 1–3.
Model 1

Model 2

Model 3

Direct effect Indirect effect Direct effect Indirect effect Direct effect Indirect effect
Pain severity
!Sleep quality

.19 b

!Anxiety about sleep

.22a

!Sleep hygiene

.05

.32 b

.19 b
.22 b
.06

!Emotional distress

.10

!Anxiety about sleep!Sleep quality
!Anxiety about sleep!Sleep hygiene!Sleep quality

.00

.08 b

.08 b

b

.12 a

.12

!Anxiety about sleep!Sleep quality!Emotional distress

.08 b

!Anxiety about sleep!Sleep hygiene!Sleep quality!Emotional
distress

.12 a

!Sleep hygiene!Sleep quality

.02

.02

!Sleep hygiene!Sleep quality!Emotional distress

.02
.19 a

!Sleep quality!Emotional distress

.16 a

Anxiety about sleep
!Sleep quality
!Sleep hygiene

.36 b

.36 b

a

.54 a

.28 a

.42 a

.54

Sleep hygiene
!Sleep quality
Sleep quality
.59 a

!Emotional distress

.83 a

N = 468. Model 1—direct and indirect effects of pain severity on sleep quality. Model 2—direct and indirect effects of pain severity on emotional distress. Model 3—
direct and indirect effects of pain severity on sleep quality and emotional distress. For sleep quality and sleep hygiene higher scores indicate poorer sleep quality/sleep
hygiene.
a
b

p < .01,
p < .001.

https://doi.org/10.1371/journal.pone.0260614.t003

sleep quality) was not statistically significant (β = .02, p>.05). Overall, this model accounted
for 85% of the total variance of sleep quality and 66% of the total variance of emotional
distress.

Discussion
The aim of this study was to develop a framework to describe associations between pain severity, sleep quality and emotional distress that incorporated sleep-related cognitions and behaviours. Through iterative model building, a framework is described within which pain and
emotional distress are linked by indirect paths through anxiety about sleep, sleep hygiene
behaviours and sleep quality. This model maps onto current theories and evidence linking
pain severity, sleep-related factors and emotional distress [39]. With replication and further
development, there is potential to inform public health messages about sleep-related responses
to pain (i.e., reducing anxiety about sleep and maintaining positive sleep hygiene behaviours)
to prevent reduction in sleep quality and emotional well-being. Sleep-related treatment targets
for pain are also suggested, which may attenuate downstream effects on emotional well-being.
In the first model, an indirect pathway from pain severity to sleep quality through sleeprelated anxiety was significant but a pathway through sleep hygiene was not. However, a path
from pain to sleep-related anxiety to sleep hygiene to sleep quality was supported. As a crosssectional study, causal inferences cannot be made. However, this exploratory finding warrants
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experimental and longitudinal examination. In the second model, the association between
pain severity and emotional distress was mediated through sleep quality. Again, this is worthy
of further investigation as the impact of pain on sleep quality and subsequent psychopathology
has important translational ramifications. For example, associations of pain severity or chronic
pain with Major Depressive Disorder and depressive symptoms [40, 41], anxiety and mood
disorders [42], emotional distress [43, 44], and Post Traumatic Stress Disorder [45] may partly
be explained by the effect of pain on sleep quality. The results of the current study are also
coherent with models that posit sleep optimization as a key facet of preventative medicine,
guarding against poor mental health [46].
Of the scarce studies that have examined mediators on the path from pain to sleep, both
have focused on specific conditions. Among adults with rheumatoid arthritis, the association
between pain intensity and sleep disturbance (measured using the PSQI) was partly accounted
for by an indirect pathway through symptoms of depression [47]. In a daily diary study with
children with Sickle Cell Disease, negative mood (assessed using the Facial Affective Scale)
partly explained the association between pain intensity and subjective sleep quality [48]. We
believe this is the first study to examine sleep-related anxiety and sleep hygiene on the path
between pain and sleep quality, and findings demonstrate the value in collecting information
about these sleep-specific constructs as part of a routine pain assessment.
With respect to the role of sleep-related factors in the association between pain and emotional distress, previous examinations applying path analysis are restricted to study of people
with fibromyalgia. Miro et al. reported on the significance of subjective sleep quality on an
indirect path between pain intensity and emotional distress [49], later corroborated by DiazPiedra and colleagues, who extended the evidence by demonstrating a comparable path
through polysomnography-measured sleep efficiency [50]. Again, our findings suggest that
collecting data on sleep-specific cognitions and behaviours may expand understanding of
underlying mechanisms, and we recommend future longitudinal examinations within both
general and condition-specific populations. If supported by prospective observational research
and randomized trials with embedded mediation analyses, a case would be strengthened for
the effectiveness of Cognitive Behavioural Therapy for Insomnia (CBT-I) as preventative for
psychopathology for those presenting with pain in primary care. This would also provide additional evidence for incorporation of CBT-I into pain management for those with chronic pain
and comorbid insomnia [39].
Study strengths include use of measurement instruments with good psychometric properties and the use of structural equation modelling to address measurement error and to create
latent variables to better represent the constructs of interest. The study had an adequate sample
size to undertake the pre-specified analysis, and robustly tested our hypotheses through an
iterative model building process. Convenience sampling was used as it is a cost-effective
approach to recruit participants from the general population, and recruitment of participants
from the general population provided a better representation than would have been achieved
by stipulating condition-specific exclusion criteria. However, this sampling strategy resulted in
recruitment of people with, on average, pain of mild severity. Study limitations include the
cross-sectional design and, accordingly, no causal claims are made; the hypothesised directionality must be tested in experimental and longitudinal studies. However, models in the present
study provide a template to inform future data collection. Although there was adjustment for a
large number of covariates, residual confounding should also be addressed in future study. For
example, hypervigilance or attention to pain is associated with pain reporting/pain severity
[51], sleep disturbance [52], and negative emotions [53]. Pain self-efficacy is also likely to be
important as it has been reported as on the indirect path between pain intensity and dimensions of emotional distress among people with chronic pain [49]. In this study pain was
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conceptualised as a presenting symptom and limited information about the pain source was
collected. However, we believe that our general population approach offers a generic framework that can adapted for use in the future study of specific conditions. Similarly, we did not
assign participants to an insomnia disorder group, an insomnia symptoms group, or a ‘good
sleeper’ group as has been previously undertaken [54]. More comprehensive phenotyping in
future studies would help to better understand the importance of such categorisation. In addition, future studies should confirm the validity of the proposed framework, including examining its tenability in age- and sex-stratified analyses given sleep-related cognitions and
behaviours may differ according to different demographics. An additional limitation is the
self-reported nature of all variables under study. However, given their multidimensional
nature, future research that uses objective measures would broaden our understanding, rather
than replace or validate the subjective experiences that we have captured.
In conclusion, this study examined associations between pain severity, sleep-related anxiety,
sleep hygiene behaviour, sleep quality and emotional distress and proposed an empirically
driven and theoretically guided framework. Confirmation of this model using prospectively
collected and experimental data would are required to substantiate any potential causality, as
well as to inform and diversify public health initiatives for promoting well-being in the general
population.
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