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Objective: To examine the association between subtypes of insomnia and the risk of chronic spinal pain.
Methods: The study comprised 16,401 participants without chronic spinal pain at baseline who were
followed for ~11 years. People were categorized into ‘no insomnia symptoms’, ‘subthreshold insomnia’,
and ‘insomnia’. Insomnia was defined according to the diagnostic classification system requiring both
daytime and nighttime symptoms, and further categorized into subtypes based on nighttime symptoms
(ie, sleep onset latency [SOL-insomnia], wake after sleep onset [WASO-insomnia], early morning
awakening [EMA-insomnia], or combinations of these). Subthreshold insomnia comprised those with
only daytime impairment or one or more nighttime symptoms. Chronic spinal pain was defined as pain
in either ‘neck’, ‘low back’, or ‘upper back’, or a combination of these.
Results: In multivariable regression analysis using people without insomnia as reference, people with
subthreshold insomnia or insomnia had relative risks (RRs) of chronic spinal pain of 1.29 (95% confidence
interval [CI] 1.21e1.38) and 1.50 (95% CI 1.34e1.68), respectively. The RRs for people with one nighttime
symptom were 1.30 (95% CI 0.83e2.05) for WASO-insomnia, 1.32 (95% CI 1.06e1.65) for EMA-insomnia,
and 1.70 (95% CI 1.32e2.18) for SOL-insomnia, respectively. Combinations of nighttime insomnia
symptoms gave RRs from 1.45 (95% CI 1.08e1.94) for WASO þ EMA-insomnia to 1.72 (95% CI 1.36e2.19)
for all nighttime symptoms (SOL þ WASO þ EMA-insomnia).
Conclusions: These findings suggest that the risk of chronic spinal pain is highest among persons with
insomnia subtypes characterized by sleep onset latency or among those having insomnia symptoms in all
parts of the sleep period.
© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Spinal pain is a highly prevalent and complex condition that has
been the world's leading cause of disability the last decades [1].
Globally, years lived with disability caused by low back pain
increased by more than fifty percent between 1990 and 2015,
mainly because of population increase and ageing, and the greatest
increase was observed in low-to-middle income countries [2]. To
reduce the burden of chronic spinal pain it is important to identify
th and Nursing, Norwegian Univer
arpsno).
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modifiable risk factors that can inform the development of in-
terventions and preventive measures.

Previous studies have shown that insomnia is associated with
increased risk of spinal pain [3e5]. Chronic insomnia is defined by
the presence of at least one nighttime symptom (ie, difficulty
initiating sleep, trouble maintaining sleep or early morning awak-
enings) accompanied by daytime sleepiness that influence impor-
tant aspects of life [6]. Thus, the possible combinations of the
daytime and three nighttime symptoms provide a basis for several
different subtypes of chronic insomnia. A recent study indicates
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that these different subtypes may have different impact on disease
[7]. This latter view is partly supported by a recent prospective
study showing a dose-dependent association between number of
nighttime insomnia symptoms among people with chronic
insomnia and risk of chronic musculoskeletal pain and pain-related
disability [8]. However, there is a lack of studies examining the
influence of insomnia subtypes on the risk of chronic spinal pain.

The aim of the current study was to examine the association
between subtypes of chronic insomnia and risk of chronic spinal
pain. The different insomnia subtypes were defined according to
the possible combinations of nighttime symptoms along with
daytime impairment. We also examined the association between
subthreshold insomnia (ie, only daytime impairment or one or
more nighttime symptoms) and risk of chronic spinal pain.
2. Methods

2.1. Study population

This prospective study utilized data from the third (2006e08)
and fourth (2017e19) survey of the Norwegian HUNT Study. All
inhabitants aged 20 years or older residing in Trøndelag County in
Norway have been invited to participate in the Trøndelag Health
Study (the HUNT Study). In the third survey, 50,807 (54%) people
accepted the invitation. In the fourth survey, 56,042 (54%) people
accepted the invitation. Information on lifestyle and health-related
factors were collected by questionnaires and clinical examination
at both surveys. More detailed information about the HUNT Study
can be found at https://www.ntnu.edu/hunt [9].

We included 33,900 participants who participated in both the
third (2006e08) and fourth (2017e19) survey. At baseline in
2006e08, the participants had to answer a questionnaire at home
before they attended a basic health examination. After the clin-
ical examination, all participants were given a second question-
naire including questions on sleep quality, chronic spinal pain,
demographical and subject characteristics. About 19% of those
who attended the clinical examination did not respond to the
second part of the survey. To improve efficiency and reduce po-
tential bias due to the missing data, a simulation-based multiple
imputation procedure was used to replace missing observations
on relevant factors at baseline (more information about the
Fig. 1. Selection of the
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multiple imputation procedure is given in “Statistical analyses”).
Our final analytical sample comprised 16,401 people without
chronic spinal pain at baseline and with complete follow-up data
on chronic spinal pain (See Fig. 1).

The study was approved by the Regional Committee for Ethics in
Medical Research (project no. 2014/612 REK midt). The study was
carried out according to the Declaration of Helsinki.
2.2. Subthreshold insomnia, chronic insomnia, and insomnia
subtypes

Insomnia symptoms at baseline were assessed by the following
four questions: 1) “How often during the last three months have
you had difficulty falling asleep at night?“, 2) “Howoften during the
last three months have you woken up repeatedly during the
night?“, 3) “How often during the last three months have you
woken too early and couldn't get back to sleep?“, and 4) “How often
during the last three months have you felt sleepy during the day?“,
with three response options on each question: ‘Never/seldom’,
‘Sometimes’ and ‘Several times a week’. Participants were classified
with chronic insomnia if they answered, ‘Several times a week’ on
at least one of the questions 1e3, and ‘Several times a week’ on
question 4. The information retrieved from these four questions
approximates the information necessary to diagnose chronic
insomnia [6], ie, persistent sleep difficulty [‘difficulty falling asleep’,
‘difficulty maintaining sleep’, and/or ‘waking up too early’]
accompanied by daytime sleepiness. People who reported daytime
sleepiness or at least one insomnia symptom ‘several times a week’
were defined as having subthreshold insomnia (ie, not fulfill the
insomnia diagnosis.

In line with a previous study [7], people classified to have
chronic insomnia were further divided into the following seven
subtypes: 1) sleep onset latency (SOL) insomnia if they had trouble
falling asleep at night, 2) wake after sleep onset (WASO) insomnia if
they had trouble maintaining sleep, and 3) early morning awak-
ening (EMA) insomnia if they reported to wake up too early in the
morning. For these subtypes, people could not report other night-
time symptoms. People reporting more than one nighttime
insomnia symptomwere divided into 4) SOL þWASO-insomnia, 5)
SOL þ EMA-insomnia, 6) WASO þ EMA-insomnia, and 7)
SOL þ WASO þ EMA-insomnia.
study participants.

https://www.ntnu.edu/hunt
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2.3. Chronic spinal pain at baseline and follow-up

At baseline, all participants were asked “During the last year,
have you had pain and/or stiffness in your muscles and joints that
lasted for at least three consecutive months?” Those who answered
‘yes’ were asked to indicate the affected body area(s). Participants
were defined to have chronic spinal pain if they answered ‘yes’ to
the first question and reported either ‘neck’, ‘low back’, or ‘upper
back, or a combination of these three,’ as affected body areas. Par-
ticipants who reported to have pain the neck, upper back, or low
back pain at baseline were excluded from the study.

At follow-up, an almost identical question was given: “During
the last year, have you had pain in your muscles and joints that
lasted for at least three consecutive months?” Those who answered
‘yes’ were asked to indicate the affected body area(s). Participants
were defined to have chronic spinal pain at follow-up if they re-
ported either ‘neck’, ‘low back’, or ‘upper back’, or a combination of
these three, as affected body areas.

2.4. Possible confounding factors

All possible confounders were assessed at baseline. Body mass
index (BMI) was calculated as weight divided by the square of
height (kg/m2) by using the standardized measurements of height
(to the nearest centimeter) and weight (to the nearest half kilo-
gram) from the clinical examination. Smoking status was assessed
by questions about past or present use of cigarettes and were
divided in three categories: ‘never smoked’, ‘former smoker’ and
‘current smoker’. Leisure time physical activity was assessed by
three questions on frequency, intensity, and duration. According to
the recommendations for physical activity in adults at the time of
baseline in 2006e08 [10], we categorized the participants into
three levels of physical activity: inactive, below the recommended
level or recommended level. The questionnaire on leisure time
physical activity has been validated against direct measurements of
maximal oxygen uptake and found to performwell [11]. Symptoms
of anxiety and depression was assessed by the validated HADS-
questionnaire (Hospital Anxiety and Depression Scale) [12]. As
recommended, the cut-off score was set to �8 on both anxiety and
depression to indicate presence of anxiety and/or depression [12].
Symptoms of anxiety and depression were then divided into four
categories (‘no anxiety or depression’, ‘anxiety’, ‘depression’, and
‘anxiety and depression’). Shift work was assessed by the question
“Do you work shifts, at night, or on call?“, with response options
‘no’ and ‘yes’. Comorbid conditions were assessed by questions on
current or previous disease (heart disease, lung diseases, diabetes,
cancer, rheumatic diseases, or degenerative joint disease). Alcohol
consumption was assessed by the CAGE (Cut down, Annoyed,
Guilty, Eye-opener) questionnaire using a cutoff score �2 to cate
possible alcohol abuse [13]. Other sleep conditions such as possible
obstructive sleep apnea and restless legs syndrome were assessed
by two questions asking about breathing pauses during the night or
symptoms or discomfort, tingling or prickling in the legs during the
last three months. The response options were ‘never/seldom’,
‘sometimes’ and ‘several times a week’. People who answered
‘several times a week’ on one or both questions were considered to
have other sleep complaints. Pain medication was assessed by a
question on use of pain medication the last month (‘never/seldom’,
‘weekly’, ‘several times a week/daily’).

2.5. Statistical analyses

A modified Poisson regression model was used to estimate risk
ratios (RR) for chronic spinal pain at follow-up associated with
subthreshold insomnia and the insomnia subtypes at baseline. The
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precision of the RRs was assessed by 95% CI using robust variance
estimation. Participants reporting subthreshold insomnia or one of
the seven insomnia subtypes (SOL-insomnia, WASO-insomnia,
EMA-insomnia, SOL þ WASO-insomnia, SOL þ EMA-insomnia,
WASO þ EMA-insomnia, and SOL þWASO þ EMA-insomnia) were
compared with the reference group of people without insomnia
symptoms. Selection of confounders was done based on a priori
knowledge about factors that could be related to the exposure and
outcomes under study. In our multi-adjusted analysis, we adjusted
for age (continuous), BMI (continuous), leisure time physical ac-
tivity (inactive, below the recommended level, recommended
level), shift work (no, yes), alcohol consumption (no, yes), and
smoking (never, former, current).

We conducted a series of sensitivity analyses to test the
robustness of the results. First, to assess the possible influence of
other sleep disorders on the association between insomnia sub-
types and risk of spinal pain, we excluded people who reported
frequent breathing pauses during the night and/or symptoms of
discomfort, tingling or prickling in the legs. Second, there is an
overlap but unclear temporal association between sleep quality and
comorbid disorders, such as mental disorders and several medical
conditions [14e16]. We therefore repeated the main analysis
adjusting for anxiety and/or depression and other comorbid con-
ditions (heart disease, lung diseases, diabetes, cancer). Finally, to
reduce the possible influence of reverse causation (ie, that other
chronic pain conditions is associatedwith insomnia at baseline), we
repeated the main analysis adjusting for other pain conditions
(upper and lower extremity pain, rheumatoid arthritis, arthritis)
and use of pain medication.

2.5.1. Multiple imputation procedure
The pattern for the missing observations on sleep, spinal pain,

and the covariates was visualized in a matrix structure to detect
trends in the dataset and further explored in descriptive tables by
comparing complete data with those with incomplete data. To
reduce sampling variability from the imputation process [17],
hundred imputed datasets were generated by chained equations
(ie, ordered logistic for ordinal data, logistic for binary data, and
linear for continuous data). All the variables used in the main
analysis were included as prognostic variables in our model. To
increase the precision, we included comorbid somatic conditions
(headache, diabetes, heart disease, lung disease, rheumatic dis-
eases), other sleep disorders (obstructive sleep apnea syndrome
and restless leg syndrome), negative life events, use of pain medi-
cation, blood pressure, marital status, overall health, and working
status as auxiliary variables.

All statistical analyses were performed using Stata forWindows,
version 16.0 (StataCorp LP, College Station, Texas).

3. Results

Table 1 presents the baseline characteristics of the participants
stratified by the presence of insomnia. The proportion who re-
ported subthreshold insomnia or fulfilled the criteria for chronic
insomnia at baseline were ~20% and ~4%, respectively. Among
people with chronic insomnia, the largest subtype was EMA-
insomnia (~30%), whereas 17% reported all three nighttime symp-
toms (SOL þWASO þ EMA-insomnia). Overall, 4084 incident cases
of chronic spinal pain were reported at follow-up (crude absolute
risk [AR] ¼ 24.8%). Supplementary table 1 shows that the complete
cases and the imputed study population had similar baseline
characteristics.

Table 2 shows the associations between subthreshold insomnia,
chronic insomnia subtypes and risk of chronic spinal pain.
Compared to people without insomnia, people with subthreshold



Table 1
Characteristics of the study population at baseline stratified by insomnia symptoms.

Variables No insomnia Subthreshold insomniaa Chronic insomniab

Participants, no. 12,526 3225 650
Age, mean (SD), years 50.7 (13.5) 51.8 (14.2) 47.0 (14.3)
Females, % (no.) 52.0 (6509) 57.3 (1847) 61.5 (400)
Body mass index, mean (SD), kg/m2 26.7 (4.0) 26.9 (4.23) 27.3 (4.9)
Low physical activity or inactive, % (no.)c 78.3 (9813) 75.6 (2438) 73.2 (476)
Anxiety and/or depression, % (no.)d 5.8 (723) 17.4 (562) 34.8 (226)
Shift work, % (no.) 26.5 (3324) 29.1 (939) 33.5 (218)
Current smoker, % (no.) 19.6 (2454) 21.0 (676) 25.1 (163)
Possible alcohol abuse, % (no.)e 7.7 (965) 10.4 (336) 17.1 (111)
Comorbid condition(s), % (no.)f 17.5 (2198) 22.4 (722) 23.4 (152)
Symptoms of obstructive sleep apnea and/or restless legs syndrome, % (no.) 4.0 (495) 10.5 (339) 19.1 (124)

Abbreviations: SD, standard deviation.
a At least one insomnia symptom (‘difficulty falling asleep’, ‘difficulty maintaining sleep’, ‘waking up too early’, ‘daytime sleepiness’) but not the combination of nighttime

insomnia symptoms and daytime sleepiness.
b Persistent sleep difficulty (‘difficulty falling asleep’, ‘difficulty maintaining sleep’, and/or ‘waking up too early’) accompanied by daytime sleepiness.
c Classified according to physical activity recommendations among adults at baseline (2006e08).
d Defined by a score �8 on the Hospital Anxiety and Depression Scale (HADS).
e Defined by a score �2 on the CAGE questionnaire.
f At least one of the following conditions: Heart disease, lung diseases, diabetes, cancer, fibromyalgia, rheumatic diseases or degenerative joint disease.

Table 2
Risk of chronic spinal pain at follow-up associated with insomnia symptoms and chronic insomnia subtypes at baseline.

No. of persons No. of cases Age-adjusted, RRa Multi-adjusted, RRb (95% CI)

Insomnia symptoms
No insomnia symptoms 12,526 2874 1.00 1.00 (reference)
Subthreshold insomniac 3225 966 1.34 1.29 (1.21e1.38)
Chronic insomniad 650 244 1.61 1.50 (1.34e1.68)

Chronic insomnia subtypese

SOL 90 39 1.87 1.70 (1.32e2.18)
WASO 56 17 1.32 1.30 (0.83e2.05)
EMA 190 63 1.43 1.32 (1.06e1.65)
SOL þ WASO 13 6 1.80 1.62 (0.81e3.25)
SOL þ EMA 78 30 1.68 1.51 (1.11e2.04)
WASO þ EMA 109 38 1.51 1.45 (1.08e1.94)
SOL þ WASO þ EMA 114 48 1.85 1.72 (1.36e2.19)

Abbreviations: CI, confidence interval; RR, risk ratio; SOL, sleep onset latency; WASO, wake after sleep onset; EMA, early morning awakening.
a Adjusted for age (continuous).
b Multi-adjusted for age (continuous), gender (women, men), body mass index (continuous), leisure time physical activity (inactive, below recommended level, recom-

mended level), shift work (no, yes), alcohol consumption (no alcohol abuse, possible alcohol abuse), and smoking (never, former, current).
c Daytime sleepiness or at least one insomnia symptom (‘difficulty falling asleep’, ‘difficulty maintaining sleep’, ‘waking up too early’, ‘daytime sleepiness’).
d Persistent sleep difficulty (‘difficulty falling asleep’, ‘difficulty maintaining sleep’, and/or ‘waking up too early’) accompanied by daytime sleepiness.
e People with chronic insomnia categorized into insomnia subtypes based on predominant nighttime symptoms (sleep-onset-latency-insomnia [SOL-insomnia], wake after

sleep onset-insomnia [WASO-insomnia], early morning awakening-insomnia [EMA-insomnia], and combinations of these).
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insomnia had a RR of 1.29 (95% CI 1.21e1.38), whereas people with
chronic insomnia had a RR for chronic spinal pain of 1.50 (95% CI
1.34e1.68). The RRs for the subtypes of chronic insomnia were 1.70
(95% CI 1.32e2.18) for SOL, 1.30 (95% CI 0.83e2.05) for WASO-
insomnia, and 1.32 (95% CI 1.06e1.65) for EMA-insomnia. Among
people categorized with combinations of nighttime insomnia
symptoms, the RRs were 1.62 (95% CI 0.81e3.25) for SOL þWASO-
insomnia, 1.51 (95% CI 1.11e2.04) for SOL þ EMA-insomnia, 1.45
(95% CI 1.08e1.94) for WASO þ EMA-insomnia, and 1.72 (95% CI
1.36e2.19) for all nighttime symptoms (SOL þ WASO þ EMA-
insomnia). Supplementary table 2 shows both multiple imputation
and complete case results tabulated, showing similar patterns be-
tween the insomnia subtypes and risk of chronic spinal pain using
complete cases.
3.1. Supplementary analyses

When excluding people with other possible sleep disorders
(obstructive sleep apnea syndrome and restless leg syndrome), the
results remained largely unchanged, ie, compared to people without
insomnia, thosewithWASO-insomnia and EMA-insomnia had RRs of
18
1.22 (95% CI 0.71e2.09) and 1.27 (95% CI 0.98e1.65), respectively,
increasing to 1.73 (95% CI 1.34e2.24) among those with SOL-
insomnia and 1.79 (95% CI 1.39e2.32) among those with
SOL þ WASO þ EMA-insomnia. Similar, when adjusting for anxiety
and/or depression, we observed only 10e15% reduction in risk in
some of the categories compared to the main analysis. Adjustment
for other comorbid conditions (ie, heart disease, lung diseases, dia-
betes, cancer), other chronic pain conditions or use of pain medica-
tion had negligible influence on the results (<10% reduction in risk).
4. Discussion

Among adults without chronic spinal pain at baseline, people
with subthreshold insomnia, EMA-insomnia or WASO-insomnia
had a ~30% increased risk of chronic spinal pain at ~11 years
follow-up, compared to people without insomnia symptoms. This
risk increased to ~70% among people with SOL-insomnia or chronic
insomnia characterized by symptoms in all parts of the sleep period
(SOL þ WASO þ EMA insomnia).

Previous studies have found an association between insomnia
and risk of chronic spinal pain [3], [-5] but none of these studies
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have assessed the influence of different insomnia subtypes on this
association. One recent study highlights inter-individual differ-
ences in chronic insomnia by showing that the number of night-
time symptoms is dose-dependently associated with risk of chronic
musculoskeletal pain and pain-related disability [8]. Although our
results showed that the commonly used definition of chronic
insomnia was associated with 50% greater risk of chronic spinal
pain compared to people without insomnia symptoms, the risk
estimates ranged from 30 to 72% when people were divided into
chronic insomnia subtypes. These findings are important because
they suggest that chronic insomnia comprises subtypes that are
likely to have different impact on the long-term risk of chronic
spinal pain.

People with SOL þWASO þ EMA-insomnia had the greatest risk
of chronic spinal pain, which is in agreement with data showing
that insomnia with symptoms in all phases of the sleep period is
the most severe subtype with regard to poor health outcomes
[7,18]. However, that people with WASO-insomnia had 30% greater
risk is somewhat surprising considering the adverse effect of
fragmented sleep on pain outcomes shown in the experimental
setting [19]. Our data show that delayed sleep onset latency emerge
as an important symptom that is strongly associated with the risk
of spinal pain. Although the strong contribution of sleep onset la-
tency could be related to mental distress [20], use of hypnotics [7],
or the presence of other sleep disorders [21], similar patterns
remained after a series of sensitivity analyses adjusting for these
factors. It remains uncertain why those with SOL-insomnia have
almost similar risk as those with symptoms in all parts of the sleep
period. However, some evidence indicates that SOL-insomnia and
SOL þ WASO þ EMA-insomnia are more prevalent among people
with an evening chronotype [7], and that people with an evening
preference report shorter sleep, poorer sleep efficiency, and
increased pain sensitivity [22e25]. Sleep duration is considered
important because it may be an index of the biological severity of
the insomnia disorder [26]. Our results showing different pain
burden between the subtypes could therefore be related to other
sleep related characteristics such as circadian dysfunction and sleep
duration. Moreover, hyperarousal, such as overactive neurobio-
logical and psychological systems, is considered a key component
in the pathophysiology of insomnia [27]. Insomniacs with high
stress-related premorbid sleep reactivity are more likely to have
trouble initiating sleep than nonreactive sleepers [28]. It is there-
fore conceivable that people suffering from SOL-insomnia have a
higher level of hyperarousal than people with other subtypes, and
that this subtype is a precursor for more severe and phenomeno-
logically diffuse insomnia [29].

4.1. Implications of findings

Findings of a detrimental effect of insomnia subtypes on the risk
of chronic spinal pain add to the literature regarding the disease
burden of specific insomnia phenotypes [30e32]. Importantly, all
the subtypes were associated with an increased risk of chronic
spinal pain, but our data show that particular attention should be
drawn to those with SOL-insomnia or symptoms in all parts of the
sleep period. These findings are valuable because they enable
identification of high-risk individuals for preventive interventions
based on three simple nighttime symptoms. Although it remains
unclear how to optimally deliver subtype-specific interventions to
reduce the risk of chronic spinal pain, it may be useful to assess
sleep hygiene behavior, sleep habits, and sleep environment when
diagnosing insomnia [6]. This may help clinicians to provide more
targeted advice to manage specific subtypes of insomnia.

Moreover, subthreshold insomnia was associated with similar
risk as those with WASO-insomnia and EMA-insomnia. This latter
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finding shows the importance of considering subthreshold
insomnia as another subgroup encompassing people with variable
levels of sleep problems despite not fulfilling the insomnia diag-
nosis based on the daytime sleepiness criteria. This view is sup-
ported by studies showing that frequency of sleeplessness or
number of insomnia symptoms are dose-dependently associated
with the risk of chronic pain [33,34]. Thus, clinicians and re-
searchers should not only consider insomnia symptoms exclusively
based on the vague insomnia definition, but also consider all types
of insomnia symptoms irrespective of daytime sleepiness that in-
fluence important aspects of life. Acknowledging the unsatisfactory
diagnostic accuracy of insomnia is important because it may
translate into improved clinical effectiveness. In the long term,
combining several sleep dimensions may be an important step
towards creating improved treatment strategies and preventive
initiatives. To fully understand the relation between subthreshold
insomnia and chronic insomnia subtypes on risk of chronic spinal
pain, more research investigating the impact of other sleep char-
acteristics in combination with the insomnia symptoms is required
(eg, sleep duration, sleep quality, circadian preferences, and co-
morbid sleep disorders). Additionally, to obtain more reliable an-
swers, future studies attempting to mitigate key sources of bias (eg,
triangulation) [35] when exploring the causal effect of different
sleep characteristics should be investigated further.

4.2. Strengths and limitations

Key strengths of the current study include the prospective
design, the large study population, and the adjustment for several
important confounders. Another strength is that our simulation-
based imputation procedure may have improved the efficiency of
our study [36] because we were able to categorize people into
subtypes with greater precision. However, we cannot exclude the
possibility that our findings are explained by an imprecise insomnia
definition, lumping together severe and milder forms of the dis-
order, or that chance influenced our findings due to some of the
small subtypes. We were unable to distinguish between pain in
different regions (neck, upper back, low back) or could not exclude
people with lower or upper limb pain at baseline, but similar pat-
terns were observed when we adjusted for other chronic pain
conditions and use of pain medication. Our question on spinal pain
was based on pain and/or stiffness that had lasted for at least three
consecutive months, and it is possible that those with a recent pain
episode were more likely to report insomnia symptoms. Moreover,
we had no information about pain severity, nor fluctuations in pain
severity throughout the follow-up period. It should also be noted
that our sample constitutes pain-free participants who took part in
two surveys during ~11 years. It is possible that people with more
severe insomnia were not able to participate in both surveys, and
that this selection may lead to underestimation of the effect of
insomnia subtypes on the risk of spinal pain. Although we adjusted
for several health-related factors, residual confounding due to un-
known or unmeasured factors influencing both insomnia and
chronic spinal pain cannot be excluded. Thus, we cannot exclude
the possibility that other undetected diseases could have influ-
enced our findings or that clearer subtypes could have emerged if
we included biologically based traits such as cognitions, mood,
history of life events, or family history [30,37]. Since the partici-
pants in this study had to take part in two consecutive surveys over
~11 years, it is conceivable that we have a particularly healthy
cohort that underestimated our findings. Finally, although under-
standing the previously unrecognized heterogeneity of the
insomnia disorder could be the key to facilitate elucidation of the
mechanisms linking insomnia and spinal pain, our results should
be interpreted in view of the long follow-up and the possible
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instability of insomnia symptoms [29], although time-consistent
insomnia phenotypes over several years also have been reported
[30].

5. Conclusions

The current study shows that people with subtypes of insomnia
have an increased risk of chronic spinal pain, compared to those
without insomnia symptoms. However, the risk was ~30% higher
among people with subthreshold insomnia, EMA-insomnia, or
WASO-insomnia, increasing to ~70% higher among those with SOL-
insomnia or symptoms in all parts of the sleep period. These
findings suggest that interventions aiming to reduce risk of chronic
spinal pain should target people with all types of sleep problems,
and especially people with the subtypes characterized by sleep
onset latency as the predominant symptom or among those having
insomnia symptoms in all parts of the sleep period.
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