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Abstract: Prior research has established that insomnia is predictive of pain in adolescents and that
psychological mechanisms have a crucial role in this relationship. Adolescent girls report more in-
somnia and pain than boys, yet little is known of gender differences in how insomnia influences pain.
This study assessed gender differences in levels and trajectories of insomnia and pain during ado-
lescence, and whether rumination and negative mood mediated the effect of insomnia on pain.
Longitudinal survey data measured on 5 annual occasions (N**¢"¢ = 2,767) were analyzed in a
multigroup longitudinal serial mediation model. A final model was generated with insomnia as the
predictor, rumination and depressed mood as mediators, pain as the outcome, and gender as the
grouping variable. The results showed that insomnia predicted pain in adolescents, with an effect 3.5
times larger in girls than boys. Depressed mood was the main mediator in boys. In girls, rumination
was the only significant mediator. There were significant gender differences in the effects of in-
somnia on rumination and pain, and in the effects of rumination on depressed mood and pain, with
stronger effects in girls. These results highlight that girls and boys should be considered separately
when studying the relationship between insomnia and pain.

Perspective: Levels of insomnia and pain are progressively higher in adolescent girls than boys,
across adolescence. The predictive strength of insomnia symptoms for future pain is 3.5 times greater
in girls, with distinct gender-specific underlying pathways: rumination partially mediates this effect
in girls, while depressed mood does so in boys.
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lescents, with prevalences estimated at 20 to 40%."?

Its co-occurrence among those with chronic muscu-
loskeletal pain is over 50%,%* and this comorbidity is as-
sociated with considerable pain-related disability.>°
Upward of 45% of children and adolescents suffer from
chronic musculoskeletal pain,”® and this prevalence has
increased over time,®? partially explained by increases in
sleep disturbance and negative affect.’” Adolescent
chronic pain is likely to persist into adulthood'" where it

I nsomnia is common in community samples of ado-
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is among the leading predictors of years lived with dis-
ability globally.”> Ample evidence supports a bidirectional
relationship between insomnia and pain across adoles-
cence’*'® and insomnia is a stronger predictor of sub-
sequent pain than vice-versa. In order to prevent a
negative spiral of mutually increasing symptom levels, it is
critical to understand how insomnia, from an early age,
influences pain. Although still an emerging research field,
negative mood and affect appear to be key mechanisms
that mediate the effect of insomnia on pain but not the
effect of pain on insomnia.'®"’

The response styles theory'® proposes that early in-
creases in rumination explain subsequent increases in
mood symptoms in adolescence.’® Rumination is a mala-
daptive problem-solving response® and a transdiagnostic
factor that is embedded in the etiology of insomnia,”’
chronic pain, depressed mood,”” and anxious mood.”*
Specifically, insomnia leads to increased rumination by
impairing adaptive attentional control, which leads to
sustained attention to negative thoughts and emotions.*
This increase in rumination may elevate negative
moods,'® which in turn are associated with more pain.'®
Rumination, which is functionally analogous with pain-
catastrophizing, is also a stand-alone predictor of more
severe pain.” As a result, rumination may either, as the
response styles theory suggests, mediate the effect of
insomnia on pain through its effect on negative mood; or
independently influence negative mood due to its
overlap with pain-catastrophizing.

The possibility that sex or gender moderates the sleep-
pain relationship has largely been neglected in previous
research,”>?® although it has been proposed as an im-
portant factor to consider.”” For example, one previous
study found the effect of insomnia on pain to be stronger
in adolescent girls than in boys,>” while another study
reported the reverse relationship.”® Adolescent girls also
report greater musculoskeletal pain than boys’ and more
severe insomnia symptoms,’ as well as more negative
moods®**° and maladaptive emotion regulation strate-
gies such as rumination.’® These gender differences ap-
pear with advancing pubertal development, due to
developmental changes that are unique to this develop-
mental stage.””>"3? During early adolescence, girls are
twice as likely to ruminate as boys,'® and in late adoles-
cence, girls are twice as likely to experience anxiety>° and
depression.”” The response styles theory proposes that
the greater early tendency of girls to ruminate explains
the later gender differences in negative moods.'® Given
that insomnia influences rumination, and negative mood
influences pain, this process may explain a stronger in-
somnia-pain relationship in girls. It is important to ex-
plore potential gender differences in the mechanisms
underlying the insomnia-pain relationship, as not ac-
counting for gender-related differences may have con-
founded the results of previous research. Increased
knowledge of the gender-specific role of rumination and
negative mood in the insomnia-pain relationship might
also inform future treatment strategies.

The first aim of this study was to map out develop-
mental trajectories of insomnia and pain across ado-
lescence (5 annual measurements from 13/14 to 17/18
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years). The second aim was to assess the roles of rumi-
nation, depressed mood, and anxious mood as media-
tors in the insomnia-pain relationship. Specifically, we
considered serial mediation and examined whether in-
somnia influenced rumination; whether that had an
effect on depressed and anxious mood; and whether
that had an effect on subsequent pain. Our third aim
was to examine if the trajectories and effects differed
by gender, hypothesizing that the symptom levels and
increases over time are greater in girls than boys; that
the effect of insomnia on pain is stronger in girls; and
that the serial mediation of rumination and negative
mood partly explains this difference.

Methods

Participants and Procedure

The current study is based on data from the Three
Cities Study, a longitudinal project that used a pro-
spective age-cohort design to broadly assess trans-
diagnostic factors that may explain mental ill-health in
adolescents across 5 annual waves of measurements
from 2014 to 2018. The study targeted all adolescents
living in 3 medium-sized municipalities in mid-Sweden.
As the target population was the general population
of Swedish adolescents, we did not impose any exclu-
sion criteria in this study, but rather opted to include
all available participants. Although unobserved, the
study sample can be assumed to include clinical sub-
populations with mental or somatic disorders. The
mean age was 13.65 (standard deviation [SD] = .65)
years during the first (baseline) measurement wave
and 17.68 (SD = .66) years during the fifth wave. The
study required active consent from the adolescents
and passive consent from their parents. The adoles-
cents completed self-report questionnaires in their
classrooms during school hours. The teachers were
asked to leave the classroom while a trained test
leader was present. If an adolescent did not wish to
participate, they were informed that they could leave
the room, or that they could stay but abstain from
filling out the form.

The original target sample comprised 3,336 seventh-
and eighth-grade students, of whom 2,767 participated
in the first (baseline: T1) measurement wave. These
comprise the analytic sample. Of the baseline sample,
2,521 adolescents participated in wave 2 (T2), 1,982
participated in wave 3 (T3), 1,666 participated in wave 4
(T4), and 1,568 participated in wave 5 (T5). The partici-
pation rate per measurement occasion is detailed in
Fig 1. The study was approved by the regional ethical
review board in Uppsala, Sweden (dnr. 2013/384). Fur-
ther details on the Three Cities Study are published
elsewhere.*

Previous studies published using data from the Three
Cities Study focused on a range of topics. These include
parent behaviors,** self-harm,*® sleep duration in rela-
tion to technology usage®® and impulsivity,>” and as a
mediator between distress and rumination.?® They also
include studies of stress,*>*° social anxiety,”' and the
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Figure 1. The study flowchart, in line with the Strengthening the Reporting of Observational Studies in Epidemiology statement
(https://www.strobe-statement.org/). The indicators of mean age to the left of the figure refer to the baseline sample.

relationship between stress and pain.”’ Two previous
studies using this dataset concerned the relationship
between insomnia and pain.'”** A novelty of the cur-
rent study is that it focuses on the interconnection be-
tween rumination and negative mood in their
longitudinal effect of insomnia on pain, and that it
explicitly examines gender differences in this effect. In
addition, whereas a previous study has examined how
insomnia and pain co-develop in adolescents, the

current study aimed to assess differences in symptom
levels and changes between adolescent girls and boys.

An ordinal logistic regression analysis, with rate of
attrition as the outcome, indicated that greater age
(b=.343, P < .001), being born outside Sweden or
having parents born outside Sweden (b=.180,
P < .001), and greater symptoms of insomnia (b =.046,
P < .001) and rumination (b=.0001, P=.041) were as-
sociated with a greater likelihood of dropout.


https://www.strobe-statement.org/

4 The Journal of Pain
Measures
Sociodemographic Measures

Age was recorded as the respondent’s chronological
age in years. Socioeconomic status (SES) was determined
using the Family Affluence Scale Il from the World
Health Organization’s Health Behavior in School-aged
Children survey,” dichotomized as either lower and
equal to, or higher than, 4.61 (ie, 1 SD below the po-
pulation average of Swedish adolescents).** When used
as a covariate, the full Family Affluence Scale Il score
was used. Immigrant status was categorized into 4 ca-
tegories, in line with the official Swedish definition:
either 1) as being born in Sweden with at least 1 parent
having been born in Sweden; 2) being born outside
Sweden or having both parents born outside Sweden,
but within the European Union; 3) being born, or
having both parents born, outside the European Union
but within Europe; or 4) being born outside of Europe
or having both parents born outside of Europe. Im-
migrant status” is the closest proxy to race and ethni-
city available in official Swedish census data.*®

Sleep duration was measured via the School Sleep
Habits Survey for adolescents.”” The participants were
asked to indicate when they usually go to bed, how
long it usually takes them to fall asleep, and when they
usually wake up in the morning, on weekdays and at
weekends, during the last 2 weeks. Sleep duration was
calculated separately for weekdays and weekends, as
the mean time from bedtime till wake time, subtracting
the reported time it took to fall asleep. The cutoff for
insufficient sleep duration was set at <8 hours of sleep
per night, based on the recommendations of the
American Academy of Sleep Medicine that adolescents
aged 13 to 18 years old should sleep on average for 8 to
10 hours per night.*®

Binary gender was measured by a dichotomous item
at baseline (T1), where the participants were asked to
indicate whether they were a “girl” or a “boy” by
checking a box next to each word on the survey's front
page. As the measure was not originally designed to
measure sex or gender differences, being a self-report
binary measure, the distinction between sex and gender
in the variable is ambiguous. However, in line with the
Sex and Gender Equity in Research guidelines,*’ we
believe that the importance of assessing sex and gender
differences in the insomnia-pain relationship in ado-
lescents outweighs the limitations of the measure.

Insomnia

Symptoms of insomnia were measured on the
Insomnia Severity Index.”® The measure consists of 7 5-
point Likert scale items, ranging from 0 (“no problems
at all”) to 4 (“very much a problem”), regarding diffi-
culties in falling or staying asleep, and also daytime
distress and impairment due to sleep problems, during
the last 2 weeks. The internal consistency was satisfac-
tory in a sample of Swedish adolescents (x=.83).°" The
cutoff for clinical insomnia in adolescents is 9. In the
current sample, the internal consistency was a=.85 for
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T1, a=.84 for T2, «=.86 for T3, a =.87 for T4, and a =.88
for T5.

Musculoskeletal Pain

"

Musculoskeletal pain was defined as “pain in the
back, neck or shoulders” and measured by 3 aspects of
the experience of pain:

Pain intensity was measured on a numeric rating
scale, ranging from 0 (“not painful at all”) to 9 (“very
painful”).>®> Respondents were asked to rate the
average intensity of their pain during the last 6 months.

Pain frequency was measured by one item from the
World Health Organization’s Health Behavior in School-
aged Children survey,”® asking how often the re-
spondent had experienced pain, on average, during the
last 6 months on a 5-point scale ranging from 0 (“rarely
or never”) to 4 ("about every day”).

Pain interference was measured using 3 items devel-
oped for the purpose of the Three Cities Study, where
respondents indicated whether during the last 6 months
their pain severely interfered with 1) schoolwork, 2)
leisure activities, and 3) peer relationships. The possible
responses for each item were 2 (“no”), 1 ("yes, some-
what”), and 0 (“yes, definitely”). The 3 items were re-
versed and averaged into a total mean score ranging
from 0 to 2.

Depressed Mood

The subscale “Depressed mood” of the Center for
Epidemiology Studies’ Depression Scale for Children was
used to assess depressed mood. The full questionnaire
consists of 20 items, each of which is rated from 0 (“not
at all”) to 3 ("a lot”) and relates to symptoms perceived
during the last week. At T1, depressed mood was mis-
takenly measured on a 1- to 5-point scale, which was
rescaled to a 0- to 3-point scale to match the original
scale, which was used from T2 to T5. The full scale and
the subscales have been validated in Swedish adoles-
cents,”® where the same factor structure was identified
in both girls and boys, and the cutoff for clinical de-
pression is a total score of 24 for girls, and 22 for boys.>®
The subscale “Depressed mood” includes 6 items, such
as "l felt down and unhappy.” The internal consistency
of the subscale in the current sample was o« =.92 for T1,
o=.89 for T2, a=.89 for T3, a=.90 for T4, and a=.90
for T5.

Anxious Mood

The Overall Anxiety and Impairment Scale was used as
a measure of anxious mood. Responses are made on a 5-
item Likert scale, ranging from 0 (“none/no”) to 4
(“constant/extreme/all the time”), concerning frequency
of, intensity of, and functional impairment related to
anxiety during the last week.”® The cutoff score for
clinical anxiety is 8.°” The internal consistency in the
study sample was a =.87 for T1, a=.89 for T2, a=.89 for
T3, a=.90 for T4, and o« =.91 for T5.
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Rumination

The depressive rumination subscale of the Children’s
Response Styles Scale®® was used as a measure of ru-
mination focusing on negative mood. The subscale
contains 10 items that ask about rumination during the
last 2 weeks, including "1 think, ‘why can’t | stop feeling
this way?’” and "l think about what made me feel like
this.” Responses range from 0 (“never) to 4 ("always").
The Children’s Response Styles Scale has shown ade-
quate validity in a sample of children, with an internal
validity of o= .81,°% and has been used in Swedish
adolescents.”® The rumination item was included in the
study survey from T1 to T4, but was excluded from the
data collection at T5. In the current study sample, the
internal consistency was a=.93 for T1, a=.92 for T2,
a=.93 for T3, and a=.93 for T4.

Analysis Plan

Basic handling and preparation of data were per-
formed in SPSS, version 28 (IBM Corp., Armonk, NY).*°
All of the subsequent analyses and structural equation
modeling were performed in Mplus, version 8.9 (Mu-
thén & Muthén, Los Angeles, CA),°° and the power
analysis was performed in R (R Core Team, Vienna,
Austria).®’ The statistical analysis was organized in 4
steps:

Step 1. Handling of Missing Data, Power Analysis,
Descriptive Statistics, and Explanatory Analyses

To assess if we had sufficient power to conduct the
analyses, we conducted the power analysis based on 2
complementary approaches: 1) based on general
guidelines and rules-of-thumb, and 2) based on the
MacCallum-Browne-Sugawara method. These assess-
ments indicated that we have more than sufficient
power to conduct the analyses, and they are detailed in
Supplementary Materials 1 (Section 1, “Power ana-
lysis”). Missing data have the potential to bias the data
and results if there are systematic patterns in the
missing data, which is imperative to address.®” In this
study, missing data were handled by multiple imputa-
tion (MI) with refreshment/supplemental samples. Ml is
a state-of-the-art missing data handling method: it 1)
creates datasets where the missing data are imputed on
the basis of Bayesian probabilities, 2) fits the model/
analysis to each imputed dataset, and 3) averages the
estimates across the imputed datasets, and the esti-
mates’ standard errors are calculated according to Ru-
bin’s rules.°®> Refreshment or supplemental samples
consist of study participants that did not participate at
baseline but only on subsequent measurement occa-
sions.®*®> Although these participants were not in-
cluded in the analytic sample, their data were used in
the missing data imputation process to reduce the po-
tential bias of missingness. Including information from
respondents of the same age and in the same context,
who filled out the surveys at the same time as the
baseline participants (analytic sample), enables more
accurate estimations during imputation and thereby
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reduces the potential negative impact of missing
data.®*®> As can be seen in Fig 1, the refreshment
sample size was 440 at T2, 1,040 at T3, 1,592 at T4, and
1,501 at T5. Based on Enders’ guidelines,®” we imputed
50 datasets. To avoid attenuating gender differences,
we imputed the missing data on girls and boys sepa-
rately.®® As a sensitivity analysis, we also compared the
estimated parameter values from M, full information
maximum likelihood estimation, and listwise deletion,
described in Supplementary Materials 1 (Section 2:
“Sensitivity analysis of missing data handling methods”
Supplementary Table 1).

After handling the missing data, we analyzed the
sample characteristics of girls and boys separately. First,
we examined the demographic and psychological vari-
ables at baseline. Second, we assessed the means and
SDs of all of the main variables across all 5 measurement
occasions. To assess differences across time and gender
in these variables, we constructed linear latent growth
curve models for each variable and compared differ-
ences in growth factors between the genders using
Wald y%-tests. Growth curve models assess mean dif-
ferences at specific time points across the measured
periods (intercept) and change in the variable over time
(slope).®” To assess mean differences at each time point,
we moved the intercept from T1 through T5, and
compared differences in the intercept factors at each
time point in Wald y*tests. To assess differences in
longitudinal change, we compared the slope factors
across genders in Wald y’-tests. The results from these
analyses are detailed in Supplementary Materials 1
(Section 3: “Gender-specific growth curve modeling on
key variables” Supplementary Table 2).

The items in the measures of insomnia—depressed
mood, anxious mood, and rumination—were parceled
into 3 indicators per measure using a balancing approach
where the item with the lowest item-scale correlation was
paired with the item with the highest item-scale correla-
tion; the item with the second-lowest correlation paired
with the second-highest correlation; and so on. This is a
recommended approach to approximate the optimal so-
lution of item parcels.°® The benefits of parceling include
higher reliability, lower likelihood of distributional viola-
tions, and lower likelihood of correlated residuals.®® These
indicators were subsequently built into latent constructs
with 3 parceled items per construct. A latent construct of
pain was also constructed from the measures of pain in-
tensity, pain frequency, and pain interference. Long-
itudinal measurement models were constructed for each
latent variable, and strong measurement invariance was
established for all models. We then tested competing
models with the main constructs in order to establish
which model fitted the data best while maintaining par-
simony. Longitudinal full-mediation models were fitted
with autoregressive paths and cross-sectional correlations
between the constructs. We first explored various models
with depressed mood, anxious mood, and rumination as
mediators, and established an optimal model based on
significant indirect effects and overall model fit. In this
final model, insomnia was modeled as the predictor, ru-
mination and depressed mood as serial mediators, and
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pain as the outcome variable. These preliminary analyses
are detailed in Supplementary Materials 1 (Section 4:
“Preliminary model testing,” Supplementary Table 3;
Supplementary Fig 1). We then tested whether the model
differed between girls and boys via multiple-group ana-
lysis using nested models. The model fit significantly
worsened when keeping the model equal across gender.
We, therefore, subsequently specified the model for girls
and boys separately.

Step 2.Analysis of Measurement Invariance in
the Final Model

Longitudinal confirmatory factor analyses were per-
formed for all of the main constructs and then tested for
both longitudinal measurement invariance and mea-
surement invariance across gender. Specifically, we
tested 3 types of measurement invariance: 1) configural
measurement invariance, meaning that the model form
was equal across time and gender; 2) weak or metric
invariance, meaning that the factor loadings on the la-
tent constructs were equal across time and gender; and
3) strong or scalar invariance, where the equality of in-
dicator intercepts is tested across time and gender. If the
assumption of both weak and strong measurement in-
variance holds, this procedure indicates whether the
measures are addressing the same constructs across time
and gender, and the differences and changes over time
may be examined. Model goodness-of-fit was assessed
on the basis of established guidelines®®®*7%: 1) model y?
with degrees of freedom and P values,’® and 2) the
Comparative Fit Index (CFI), which is an incremental fit
index with values ranging from 0 to 1, where higher
values represent a better fit (a CFl of at least .95 re-
presents a good fit to the data®®). Also, 2 absolute fit
indexes were used: 3) the root mean square error of
approximation (RMSEA) with its 90% confidence in-
terval, and 4) the standardized root mean square re-
sidual (SRMR). The absolute fit indices range in value
from 0 to 1, where lower values represent a better fit.”°
A RMSEA of <.05 represents a good fit to data, as does a
SRMR of .08 or less.°” When assessing measurement in-
variance, a change in CFl of .01 or less, a change in
RMSEA of .015 or less, and a change in SRMR of .03 or
less were considered acceptable.®® Given the large
sample size, we expected the y*-tests to be significant.®”
When testing nested models, ¥* difference tests were
utilized, where a significant test indicates that the nested
model fits significantly worse than the less-restricted
model.°® Age, immigrant status, and SES were included
as covariates in the analyses. As immigrant status and SES
had nonsignificant associations with all of the main
constructs, they were excluded from the final analyses.

Step 3: Longitudinal Mediation Modeling

Based on the findings of the previous steps, we fitted
a longitudinal mediation model with insomnia as
the predictor at T1, T2, and T3; rumination and de-
pressed mood as serial mediators at T2, T3, and T4; and
pain as the outcome at T3, T4, and T5. The model was
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fitted for girls and boys separately. In line with the
previous literature,®®’" which recommends avoiding
analyzing specific mediation paths in favor of the more
robust and reliable option of using the products of
several mediation paths, we calculated the overall total,
direct, and indirect effects (summing together all pos-
sible indirect effects from insomnia at T1 to pain at T5).
The direct effect comprised the effect of insomnia on
pain, excluding the mediation effects, and the indirect
effects comprised the effects of 1) rumination, 2) de-
pressed mood, and 3) both rumination and depressed
mood. When calculating the total effects, all possible
paths from insomnia to pain were summed. This pro-
cedure is described in greater detail in Supplementary
Materials 1 (Section 5: “Calculating the overall indirect
effects” Supplementary Fig 2). The effect size of each
indirect effect was calculated by dividing the indirect
effect by the total effect, which gives the percentage of
the total effect that the indirect effect accounts for. This
method is appropriate for samples larger than 500.”% In
the current study, we used the multivariate delta
method to estimate the indirect effects, which is ap-
propriate when using large samples’® in which the dis-
tribution approaches asymptotic normality.”* We also
provide bias-corrected intervals, based on 10,000 boot-
strap draws, in Supplementary Materials 1 (Section 6:
“Bootstrap confidence intervals of overall indirect ef-
fects” Supplementary Table 4).

Step 4.Analyses of Multigroup Moderation
by Gender

Last, we tested the moderating effect of gender via
multiple-group comparisons based on the longitudinal
mediation model constructed in step 3, in which gender
was dichotomized into girls and boys based on the
baseline variable. First, we assessed differences in the
overall effects via Wald xz-tests. Then, we compared 6
nested models, each consisting of the effect of one
construct on another (eg, insomnia on rumination), and
assessed whether the nested model fitted significantly
worse than the more unconstrained model. A sig-
nificant difference in these analyses indicates modera-
tion, that the examined effect is moderated by
gender.”®

Results

Step 1: Sample Characteristics and
Preliminary Analyses

As can be seen in Table 1, the proportions of the
sample of low SES and of an immigrant background
were comparable across the genders. At baseline, there
were significant but small age differences between girls
and boys (x* [5]1=13.22, P=.021). Compared with boys,
considerably more girls scored above the clinical cutoff
for insomnia. About half of the girls slept for a shorter
time than recommended during weekdays, compared
with a third of the boys. Girls also had higher rates of
clinical depression (23.5%) and anxiety (18.1%) than
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Table 1. Descriptive Information of the Baseline
SamPIe at T1 (M?9¢ = 13.65), D|V|ded by Gender
n9™ =1,316; m® girls =13.63, n°™* =1,451;

ma“"e boys'_ =13.67)
VARIABLE GENDER x2 (pF) P
GIRLS (%)  BoYs (%)

Low SES 12.2 10.4 3.02 (1) .082
Immigrant status 3.85(3) 278

Native Swedish 66.9 67.0

Within EU 2.4 3.6

Europe outside EU 7.5 6.6

Outside Europe 23.2 22.8
Clinical insomnia 26.0 16.5 37.68 (1) <.001
Clinical depression 23.5 7.5 211.11 (1)  <.001
Clinical anxiety 18.1 55 107.23 (1) <.001
Insufficient sleep 48.3 31.6 93.27 (1) <.001
duration weekdays
(<8h)
Insufficient sleep 18.8 15.6 6.87 (1) .009
duration weekends
(<8h)

Abbreviation: EU, European Union.

NOTE. The percentages refer to the proportions of boys and girls, separately.
Immigrant status is categorized in accordance to the official Swedish definition.
Differences between girls and boys are compared via 2 tests.

boys (clinical depression: 7.5%, clinical anxiety: 5.5%), in
a magnitude of 3 to 4 times higher.

Table 2 details descriptive statistics for the key vari-
ables from T1 to T5, which are further detailed in
Supplementary Materials 1 (Section 6: “Gender-specific
growth curve modeling on key variables”) and the tra-
jectories for insomnia and pain are visually represented
in Fig 2. Girls reported significantly increasing symptom
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levels across the measured time period on all variables,
and also reported significantly higher symptom levels
than boys on all variables and at all time points. Boys
reported significantly increasing symptom levels of in-
somnia, depressed mood, anxious mood, rumination,
and pain frequency over time, but their pain interference
and pain intensity did not significantly increase across
the measured time period. Girls reported a significantly
steeper rate of increase than boys on all the variables
except for insomnia, where the rate of increase was not
significantly different between the genders.

The preliminary analyses, which are detailed in
Supplementary Materials 1 (Section 3: “Preliminary
model testing,” and Supplementary Table 2), showed
that insomnia predicted rumination and depressed
mood, which, in turn, predicted pain. We also found
that rumination was a stronger predictor of depressed
mood than vice-versa (Ay? [0] = 115.54, P < .001), which
confirmed our a priori hypothesis based on the response
styles theory. Anxious mood was not a significant
mediator of the effect of insomnia on pain, in neither
girls nor boys, when either rumination or depressed
mood was included in the model; it was only significant
when included as a singular mediator in the model.
Anxious mood was therefore excluded from the sub-
sequent analyses. We then constructed a serial media-
tion model in which insomnia predicted subsequent
rumination, which predicted depressed mood, which, in
turn, predicted future pain. Estimating the path coef-
ficients freely between girls and boys gave a sig-
nificantly better data fit than that provided by a model
that grouped girls and boys together (Ay? [33] =720.75,
P < .001). We, therefore, estimated separate models for
girls and boys throughout the subsequent analyses.

Table 2. Descriptive Statistics for Key Variables at T1 to T5 by Gender

MEASURE/MEASUREMENT OCCASION (T) 71 2 73 4 75
M (sp) M (sp) M (sp) M (sp) M (sp)
Insomnia (0-28)* Girls' 6.53" (5.35) 7.19" (5.61) 8.10" (5.94) 8.78" (6.22) 8.91" (6.44)
Boys' 4.79 (2.19) 4.93 (2.22) 5.74 (2.39) 6.41 (2.53) 6.62 (2.57)
Pain frequency (0-4)° Girls' 1.10% (1.26) 1.40* (1.38) 1.52% (1.41) 1.62" (1.44) 1.65" (1.46)
Boys' .87 (.93) .94 (.97) 1.04 (1.02) .99 (1.00) .98 (.99)
Pain interference (0-2)° Girls" 277 (.43) *(47) 327 (.48) 34" (.49) 36" (.53)
Boys* 24 (.48) .22 (.46) .23 (.48) 21 (.46) 221 (.46)
Pain intensity (0-9)° Girls" 2.09% (2.53) 2.72% (2.69) 2.94" (2.85) 3.09% (2.81) 2.88° (2.81)
Boys* 1.58 (1.26) 1.82 (1.35) 1.94 (1.39) 1.91 (1.38) 1.69 (1.30)
Depressed mood (0-18)° Girls" 4.99* (4.51) 5.69% (4.75) 5.90" (4.60) 6.67" (4.90) 7.19* (4.84)
Boys' 1.88 (1.37) 2.12 (1.46) 2.41 (1.55) 2.84 (1.69) 3.08 (1.76)
Anxious mood (0-20)° Girls' 4.19* (3.90) 4.93" (4.35) 5.54" (4.58) 6.07" (4.82) 5.98" (4.89)
Boys' 2.04 (1.43) 2.22 (1.49) 2.69 (1.64) 2.70 (1.64) 2.78 (1.67)
Rumination (0-40)° Girls" 18.40" (8.69) 22.37% (8.55) 23.58" (8.88) 24.11% (8.33) -
Boys' 11.50 (3.39) 14.64 (3.83) 15.50 (3.94) 16.02 (4.00) -

Abbreviation: M, mean.

NOTE. The values represent the estimated means after multiple imputation. Insomnia, depressed mood, anxious mood, and pain were measured at T1 through to T5.
Rumination was measured at T1 to T4 only. Differences across time and gender were compared in latent growth curve models, which included all measures from T1
to T5 on all measures except for rumination, where the latent growth curve model was based on T1 to T4. Differences between the intercept growth factors were
compared using Wald 7 tests, on all available time points. In all analyses, the cutoff for significance was set at P < .05.

“The differences were nonsignificant.

"The longitudinal change in the variable was significant across the measured period.
*The mean level at this specific time point was significantly higher for this group than the other.

5The longitudinal rate of change was significantly higher in girls than in boys.



8 The Journal of Pain

Gender Differences in the Insomnia-Pain Relationship

Girls Boys
50 .
45
40 )y =0 }ifzfitlllllCllc)
//O//
35 o= O X
// o i Pain

Ttee.g intensity
_—® . Insomnia

symptoms

Pain

frequency

mPoOAwn SCE—XP>< 1O mQPr—_ZmO X ms

Insomnia
symptoms
20 ,
2ai e} ‘]‘H,k, y
o PR o--—""""" o !nllgl“l'crcnuc niensity
15 e T
o
O~ Osemes -
10 624 ininkd O EEEELLLE O %[;{g:'l‘crcncc
5
0
T1 T2 T3 T4 TS5 T1 T2 T3 T4 TS
(13/14) (14/15) (15/16) (16/17) (17/18) (13/14) (14/15) (15/16) (16/17) (1718 )
TIME
o o Insomnia S Pain Pain e Pain
symptoms © 8 frequency e O interference © intensity

Figure 2. Depiction of changes in symptom levels of insomnia and pain variables from T1 to T5, in girls and boys separately. To
facilitate comparison between variables and groups, the mean values are transformed to percentage of maximum score and

presented on an axis from 0 to 50%.

Step 2: Analysis of Measurement
Invariance in the Final Model

The longitudinal measurement model, including in-
somnia, rumination, depressed mood, and pain, met the
assumption of strong measurement invariance, both
across time and across the genders. The analyses of
measurement invariance are detailed in Table 3 below.

Step 3: Longitudinal Mediation Model

The final mediation model with insomnia as the pre-
dictor; rumination and depressed mood as serial med-
iators; and pain as the outcome, with the path
coefficients freely estimated across gender and age in-
cluded as covariates, showed a good fit to data (X2
[3,033]=7,438.27, P < .001; RMSEA=.028; CFl=.94;
SRMR =.13). The high value of the SRMR was due to the
age covariate.

The total effect of insomnia on pain across the mea-
sured period was significant both in girls (b =.41,
P < .001, 95% Cl .313-.497) and in boys (bi: =.12,
P < .001, 95% (confidence interval) Cl .054-.190). The
direct effect of insomnia on pain was also significant in
both girls (bg; =.33, P < .001, 95% ClI .217-.434) and
boys (bgir =.11, P < .001, 95% Cl .034-.175).

The mediating (overall indirect) effect of depressed
mood on the path from insomnia to pain was

nonsignificant in girls (b;,q =.02, P=.126, 95% Cl —.006 to
.052) but significant in boys (b;,g =.02, P=.035, 95% Cl
.001-.038). Depressed mood accounted for 6.9% of the
total effect of insomnia on pain in girls and 16.4% in boys.

The mediating effect of rumination was significant and
accounted for 14.1% of the total effect in girls (b;,y= .06,
P=.013, 95% Cl .012-.1029), but was not significant in
boys (b;ng > .01, P=.646, 95% Cl —-.013 to .008), where it
accounted for less than .01% of the total effect.

The serial mediation effect through both rumination
and depressed mood was 6.4% of the total effect and
nonsignificant in girls (b;,y=.03, P=.086, 95% Cl —.004
to .055), but accounted for 9.0% of the total effect and
was significant in boys (b;,g=.01, P=.024, 95% CI
.001-.021).

Based on the statistical models that are detailed in
Fig. 3 and 4 below, it appears that insomnia consistently
had an effect on both rumination and depressed mood;
all of the specific paths from insomnia to pain were
significant in both girls and boys, except for the effect
of insomnia at T1 on rumination at T2 in boys. The ef-
fects of rumination and depressed mood on pain appear
to be limited, however. In girls, it was only the specific
effect of rumination at T3 on pain at T4 that was sig-
nificant, and in boys, only the effect of depressed mood
at T4 on pain at T5. Table 4 summarizes the overall ef-
fects from insomnia at T1 to pain at T5.
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Table 3. Model Fit Statistics for the Tests of Measurement Invariance in the Measurement Model
Including Insomnia, Rumination, Depressed Mood, and Pain

MODEL TESTED

MEASUREMENT MODEL ESTIMATES

X2 (oF) 2x° (sDF)

RMSEA (90% c1)

ARMSEA  CFI ACFI SRMR  ASRMR
Across time (longitudinal invariance)

Null model 83,459.86 (1,596) — — — — —
Configural invariance 2,235.49 (1,271) — .017 (.015-.018) — 988 — 022 —
Metric (weak) invariance 2,371.53 (1,301) 136.04 (30)* .017 (.016-.018) <.001 987  .001 .023  .001
Scalar (strong) invariance 2,649.79 (1,331) 278.26 (30)*  .019 (.018-.020) .002 984 .003 .024 .001
Across gender (multigroup invariance)

Null model 75,625.75 (3,192) — — — — — — —
Configural invariance 3,675.42 (2,542) — 018 (.017-.019) — 984 — 028 —
Metric (weak) invariance 3,855.57 (2,580) 180.15 (38)* .019 (.018-.020) .001 982 .002 .030 .002
Scalar (strong) invariance 4,032.07 (2,618) 176.50 (38)*  .020 (.019-.021) .001 980 .002 .030 <.001

NOTE. Measurement invariance was tested across time and across gender separately.

“Significant at P < .001.

Step 4: Multigroup Moderation by
Gender

As the overall longitudinal mediation model fitted
better when estimated freely between girls and boys
(Ay? [33]1=720.75, P < .001), overall moderation of the
effects is indicated. We therefore tested whether
overall indirect effects, as well as specific tests, were
moderated by gender.

The total effect of insomnia on pain was significantly
stronger in girls (Wald ¥* [1]1=23.79, P < .001), com-
pared with boys, as was the direct effect of insomnia on
pain (Wald XZ [11=11.14, P < .001). The overall indirect
effect through rumination was significantly stronger in

0.396

Depressed
mood 1

Depressed
mood 2

Depressed
mood 3

girls (Wald % [1]1=6.57, P=.010), but there were no
significant differences between genders neither in the
overall indirect effect through depressed mood (Wald 2
[1]1=.03, P=.865) nor the effect through both rumina-
tion and depressed mood (Wald Xz [1]1=.861, P=.353).

The specific effect of insomnia on pain was sig-
nificantly moderated by gender (Ay®> [3]=12.00,
P=.007), as was the effect of insomnia on rumination
(Ay® [31=14.93, P=.002) but not on depressed mood
(Ay? [31=4.00, P=.261). The effect of rumination on
depressed mood was significantly moderated by gender
(Ay? [31=49.23, P < .001), as was the effect of rumina-
tion on pain (Ay? [3]1=11.05, P=.001). Finally, the effect
of depressed mood on pain was not significantly

Rumination 4]

Depressed
mood 4

Depressed
mood 5

Figure 3. Depiction of the latent autoregressive longitudinal parallel mediation model in girls, with rumination and depressed
mood as mediators and age as a covariate. To facilitate readability, cross-sectional correlations and covariate effects are omitted.
Dotted lines represent nonsignificant paths.



10 The Journal of Pain

Gender Differences in the Insomnia-Pain Relationship

Depressed
mood 1

Depressed
mood 3

Depressed
mood 5

Depressed
mood 4

Figure 4. Depiction of the latent autoregressive longitudinal parallel mediation model in boys, with rumination and depressed
mood as mediators and age as a covariate. To facilitate readability, cross-sectional correlations and covariate effects are omitted.

Dotted lines represent nonsignificant paths.

Table 4. Overall Effects—Indirect, Direct, and
Total—in Girls and Boys, as Well as Effect
Sizes in Each of the Overall Effects

PATH EFFECT EFFECT SIZE
B P 95% c %"

Total effect

Girls 41 <.001 313 to .497 —

Boys 2% <.001 .054 to .190 —

Insomnia-pain

(direct)

Girls .33* <.001 217 to 434 80.0

Boys 1% <.001 .034 to .175 86.0

Insomnia-rumination-depressed mood-pain

Girls .03 .092 -.004 to .055 6.4

Boys 01%* .012 .001 to .021 9.0

Insomnia-rumination-pain

Girls .06%* .027 .012 to .102 14.1

Boys >.01" 438 -.013t0.008 .0

Insomnia-depressed mood-pain

Girls 02* 1102 -.006 to .052 6.9

Boys .02%* .005 .001 to .038 16.4

NOTE. Coefficients in bold are significant. The summed effect sizes of the in-
direct and direct effects are larger than the total effects since the serial med-
jation of rumination and depressed mood overlaps with the single-mediator
effects.

P < .001.

P < .05.

Percentage of total effect.

*Nonsignificant.

moderated by gender (Ay? [3]1=1.27, P=.736). Fig 5
offers a conceptual depiction of the effects that were
moderated by gender.

Discussion

This study assessed how symptom levels of insomnia
and pain changed during adolescence; how insomnia

Insomnia Pain

Gender

Figure 5. A simplified depiction of the moderated serial
mediation model in the current study. The blue solid lines re-
present the significant overall effects in girls: 1) the direct ef-
fect from insomnia to pain, and 2) the indirect effect from
insomnia, through rumination, to pain. The red dashed lines
represent the significant overall effects in boys: 1) the direct
effect from insomnia to pain, 2) the indirect effect from in-
somnia, through depressed mood, to pain, and 3) the indirect
effect from insomnia, through both rumination and depressed
mood, to pain. The green dotted lines represent the specific
paths that were significantly moderated by gender. The effect
of insomnia on rumination and pain, and also the effect of
rumination on depressed mood and pain, were moderated by
gender.

influenced pain during this time period; whether ru-
mination and depressed mood could explain this influ-
ence; and whether this differed between boys and girls.
Girls reported higher symptom levels of pain and in-
somnia compared with boys, although increases in in-
somnia were at a similar rate across the genders.
Despite this, however, the negative effects of insomnia
were particularly prominent in girls, as the total effect
of insomnia on pain was 3.5 times stronger in girls,
compared with boys. Based on the limited existing re-
search, it appears that adolescence is an important de-
velopmental stage where connections between sleep
and pain emerge '“?°; this is likely due to the biopsy-
chosocial effects of puberty and adolescent develop-
ment. After the onset of puberty, girls’ pain seems to
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become gradually more impacted by insomnia, a pat-
tern continuing into adulthood.?’ At the same time, the
effect of sleep disturbance on pain in boys seems to
decrease after the onset of puberty.”® Pubertal ma-
turation is associated with both sleep disturbance and
pain onset,’®’® and ample data have highlighted the
impact of pubertal maturation on adolescent sleep, in
particular, its disproportionate effect on females com-
pared with males. For example, a meta-analysis de-
monstrated that females are 50% more likely to
develop insomnia compared with males’® and these
stark differences are not evident prior to puberty,
during when girls and boys have similarly low rates of
insomnia. However, by mid-to-late puberty, girls have
much higher rates of insomnia, and more severe symp-
toms than boys.2%®? There is evidence that sleep pat-
terns change across the menstrual cycle. Adult females
have reported poorer nighttime sleep quality, reduced
sleep efficiency, shorter sleep duration, and daytime
sleepiness during the premenses (late luteal) and
menses (early follicular) phases compared with the late
follicular and early luteal phases.®® It is hypothesized
that these changes are due to rapid reductions in pro-
gesterone and estrogen levels that exert influences on
sleep quality, the circadian rhythm, and sleep archi-
tecture.®*®* These inherent hormonal fluctuations place
females at higher risks of repeated and cyclical disrup-
tions to their regular sleep patterns, and could help to
explain the increased rate of sleep disturbances that
begin after onset of puberty. Further research is needed
to understand the additional causal mechanisms that
explain the differential relationship between sleep and
pain in boys and girls.

The finding that girls report higher symptom levels
and increases compared with boys was not surprising,
given that adolescent girls commonly report more in-
somnia and pain than boys."” What was more surprising
was how much stronger the effect of insomnia on pain
was in girls, and how insomnia influenced pain differ-
ently in boys and girls. Contrary to our initial hypothesis,
the response styles theory did not explain the stronger
effect of insomnia on pain in adolescent girls, as only
rumination, but not depressed mood, mediated the
effect of insomnia on pain in girls. Rather the alter-
native hypothesis, that rumination directly mediates the
relationship via its functional overlap with pain-cata-
strophizing, seems to be supported by our data: in-
somnia may increase rumination by affecting
attentional control and emotional states,”* which, in
turn, leads to more pain and related suffering.®>*° Pain-
catastrophizing is closely related to rumination,®” and
to both pain and sleep.?®®° It appears that the rumi-
native aspects of pain-catastrophizing are particularly
salient in the sleep-pain relationship.®® Furthermore,
ruminative thinking is related to cognitive biases.”*°" A
cognitive model of comorbid insomnia and pain em-
phasizes cognitive processes in the sleep-pain relation-
ship.”” Although not a focus in the model, it may be
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particularly relevant in females. In addition, cognitive
presleep arousal overlaps with rumination®®* and
predicts greater pain®*°° independently of depressed
mood.?*?® This distinction of sleep-related rumination
may help to explain why depressed mood was not a
mediator in girls, which is contrary to the findings of
previous studies.””™'” Notably, no previous study has
examined the effect of depressed mood in girls and
boys separately; nor did they include rumination as a
simultaneous mediator.

Depressed mood influenced the sleep-pain relation-
ship in boys despite the fact that girls reported a 3 times
higher prevalence of clinical depression, and that the
effect of insomnia on depressed mood, and on de-
pressed mood on pain, did not differ across genders.
One hypothesis is that the dopaminergic system plays a
particularly important role in males, as sleep depriva-
tion, chronic pain, and depressed mood are all asso-
ciated with the dopaminergic system.?®°” There are sex
differences in dopaminergic functioning,”” and males
are overrepresented in psychiatric disorders where do-
pamine plays an important role.’® Interestingly, sleep
problems are a common comorbidity in the same dis-
orders.”® However, as the effects in boys were small and
boys reported limited increases in pain, and the
abovementioned research has been conducted primarily
in adults, the conclusions that may be drawn from this
finding are limited.

Given that anxious mood has been identified as a
mediator in the sleep-pain path in previous stu-
dies,"”"°%"%" its nonsignificant effect was unexpected.
The mediating effect of anxious mood may be better
explained by overlapping aspects of depressed mood
and rumination rather than the unique facets of an-
xious mood.

Despite rumination and depressed mood being sig-
nificant mediators, the strongest effects remained the
direct effects, explained by unmeasured mechanisms.
These mechanisms may include neurophysiological sys-
tems,'%? as females are more affected by sleep disrup-
tion in their endogenous pain modulation than males,
and lowered pain inhibition due to sleep deprivation
appears to only occur in females, not in males.'”® In-
creased inflammation, higher cortisol levels, and hy-
pothalamic-pituitary-adrenal axis dysfunction, caused
by sleep disturbance, are also associated with more se-
vere pain,””>?”"'°* and these associations are stronger in
females than males.'®> "% Importantly, these processes
appear to be especially prominent during adolescence,
and particularly in adolescent girls."*

This study’s results might have practical implications,
particularly given that adolescence seems to be a critical
developmental stage to prevent both insomnia and
chronic pain."*""” Although research on cognitive be-
havior therapy for insomnia in adolescents with co-
morbid chronic pain is scarce, emerging results are
promising, showing reduced insomnia in adolescents
with comorbid pain and other physical and psychiatric
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conditions.'®®"%? Perhaps, such interventions may be
enhanced by incorporating techniques targeted at ru-
mination, which has been shown to be related to im-
provements in a broad range of outcomes in previous
research."’® The gender differences we observed could
mean that boys and girls each require unique inter-
vention approaches to optimize treatment outcome,
and may partly explain why insomnia treatments tar-
geted at comorbid chronic pain have shown promising
but inconsistent results.”'"""? Increasing research on the
sleep-pain relationship, which appears to reach beyond
the walls of academia,’'® will hopefully translate into
more effective early interventions for comorbid
sleep and pain problems in the future.

This study has several strengths. It is based on a large
population sample spanning most of adolescence, from
13/14 to 17/18 years, with an equal proportion of girls
and boys. It utilized latent variables, which controls for
measurement error that may otherwise have biased the
results.®® We considered mediation paths at multiple
time points, which is a robust method of examining
longitudinal mediation,”’ and also examined multiple
mediators simultaneously, allowing us to partial out the
cardinal mediator effects in overlapping constructs. Fi-
nally, we examined moderation via multiple-group
comparisons, which allowed us to analyze gender dif-
ferences in the insomnia-pain relationship to an extent
and detail not previously reported.

A limitation of this study is that it includes only self-
reported measures. This is particularly relevant re-
garding the binary gender variable, since it neither
directly measures sex assigned at birth nor the com-
plexities of gender identity. Future research with
more precise measures of sex and gender is war-
ranted. Objective sleep measures, such as actigraphy,
are important to include in future studies, since sub-
jective and objective sleep measures address over-
lapping but distinct aspects of sleep.’'* A T5 measure
of rumination would have been ideal, although lar-
gely extraneous, as the last mediator path at T4 had
previous values controlled for via autoregressive ef-
fects. The varying timeframes of the included mea-
sures are also suboptimal. However, due to the yearly
measurements and type of analysis used in the
study,®®’" in combination with all constructs being
trait-like,"">™""® we believe the results mainly reflect
stable, trait-like effects. Although a considerable
proportion of girls self-reported as above the clinical
cutoffs for insomnia (26%), depression (23.5%), and
anxiety (18.1%), to facilitate further generalization of
these results, we recommend that future studies at-
tempt to replicate the study findings in clinical po-
pulations. Beyond insomnia disorder, chronic pain,
and mental disorders, this also includes additional
clinical populations, such as persons suffering from
cancer. A lack of information on race and ethnicity is
also a limitation, as these factors have been shown to

be associated with pain''® and insomnia'*® in
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previous studies. Our closest proxy of these constructs
is immigrant status, which was included.

In conclusion, we found that adolescent girls were
more vulnerable to the effects of insomnia on pain
compared with boys. Insomnia also influenced pain
differently across the genders, with rumination having
an important role in girls, and depressed mood in boys.
These results have important implications for both
theoretical and clinical research. Examining the in-
somnia-pain relationship in girls and boys separately is
necessary to correctly understand how insomnia influ-
ences pain, and if treatments for comorbid insomnia
and pain may benefit from being tailored to girls and
boys separately.

Data availability

In Supplementary Materials 2 (Section 1, "Mplus
syntax”), we provide the Mplus syntax for our analyses.
We also provide the variance-covariance matrix that our
analyses were based upon (Supplementary Materials 2,
Section 2, “Variance-covariance matrix”), which allows
for replication of the analyses. The raw data set may be
accessed following permission from Katja
Boersma (katja.boersma@oru.se), Pl of the Three Cities
Study.
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