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Abstract
Sleep problems and pain are major public health concerns, but the nature of the association between the 2 conditions is
inadequately studied. The aim of this study was to determine whether a range of sleep measures is associated with experimental
increased pain sensitivity. A cross-sectional large population-based study from 2007 to 2008, the Tromsø 6 study, provided data
from 10,412 participants (age: mean [SD], 58 [13] years; 54%women). Self-reported sleep measures provided information on sleep
duration, sleep onset latency (SOL), and sleep efficiency, as well as frequency and severity of insomnia. Themain outcomemeasure
was pain sensitivity tests, including assessment of cold-pressor pain tolerance. We found that all sleep parameters, except sleep
duration, were significantly associated with reduced pain tolerance. Both the frequency and severity of insomnia, in addition to SOL
and sleep efficiency, were associated with pain sensitivity in a dose–response manner. Adjusting for demographics and
psychological distress reduced the strengths of the hazard ratios, but most associations remained significant in the fully adjusted
models. There was also a synergistic interaction effect on pain tolerance when combining insomnia and chronic pain. We conclude
that sleep problems significantly increase the risk for reduced pain tolerance. Because comorbid sleep problems and pain have been
linked to elevated disability, the need to improve sleep among patients with chronic pain, and vice versa, should be an important
agenda for future research.
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1. Introduction

Sleep problems and pain represent major public health concerns.
In addition to being highly prevalent, both conditions have been
shown to be persistent and recurrent,17,31 resulting in substantial
societal costs.6,15,20,26,45 The link between sleep and pain has
been investigated extensively over the past few decades.
Evidence from both clinical and epidemiological studies shows
that individuals with chronic pain are also likely to have a range of
sleep problems.19,32,44 Although the direction of causality is not
entirely clear, and is most likely bidirectional, several lines of
evidence point to sleep problems as the primary antecedent
factor. This includes evidence that insomnia exacerbates existing
pain and predicts new-onset pain5,25,35,46 as well as studies
demonstrating that sleep quality predicts pain severity the
next day.

Although there is clearly a strong relationship between pain and
sleep, such that insomnia increases both the likelihood and
severity of clinical pain, it is not clear exactly why this is the case.
Specifically, it is not known whether insomnia increases pain by
exacerbating conditions that cause pain, for instance through
immunological changes causing muscle and joint soreness, or
whether poor sleep quality affects pain processing more directly
by sensitizing peripheral nociceptors and/or by affecting central
inhibitory and facilitating mechanisms, causing a state of
generalized hyperalgesia. Attempts have been made to in-
vestigate this issue by assessing pain sensitivity with experimental
pain stimuli before and after sleep deprivation. Unfortunately,
these studies have all been very small (n # 20) and results have
been equivocal.8,12,21,24,27,28,36,39,42 To the best of our knowl-
edge, only 1 epidemiological study has examined the relationship
between sleep and experimental pain sensitivity.9 In this study of
424 subjects, pain thresholds were significantly lower among
those reporting the highest level of sleep problems. However, as
pain thresholds were measured with pressure stimuli applied at
fibromyalgia tender points, it is not clear whether the finding
reflects muscle tenderness or generalized hyperalgesia.

Furthermore, very few studies have examined sleep parame-
ters beyond experimental sleep restriction/deprivation. Whether
pain sensitivity is also related to sleep factors such as sleep
duration or symptoms of insomnia has not yet been investigated.
Finally, previous studies have not controlled for potential
confounding demographic factors and emotional distress.
Therefore, the aims of this study were (1) to determine the
association between pain sensitivity and a range of sleep
parameters in a large population-based sample; and (2) to further
investigate the relationship between pain and sleep by examining
the joint or synergistic association of insomnia and chronic pain
on pain sensitivity.
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2. Methods

2.1. Participants and study procedure

This study was conducted as part of the sixth Tromsø study. The
Tromsø study started in 1974 and has been repeated with 5- to
7-year intervals since then. The sixth wave (Tromsø 6, 2007-
2008) included a questionnaire screening of chronic pain and
sleep, as well as an examination of pain sensitivity with
experimental pain stimuli of adult residents in Tromsø, Norway.
Details of the study protocol have been reported elsewhere.18 In
short, a total of 12,984 participants (ages, 30-87 years; median,
58 years; 53.4% women) completed a health questionnaire
(response rate 66%) and were further invited to participate in
a physical and medical examination.

Before the pain sensitivity testing, participants underwent
a brief screening interview and visual inspection of their hands.
Participants were excluded if they (1) were unable to understand
the test instructions (eg, dementia, language difficulties), (2) had
health conditions that would interfere with the testing (open sores,
amputations, etc), or (3) reported a lack of sensation or abnormal
sensation in their hands. In addition, subjects were excluded from
the pain sensitivity testing if they reported health issues in which
previous experience indicated that cold exposure might lead to
undesirable side effects. More details regarding the cold-pressor
procedure have been reported elsewhere.49 The final sample
included 10,412 participants with valid data on both the sleep and
pain sensitivity variables.

2.2. Instruments

2.2.1. Sleep variables

Frequency of self-reported insomnia during the last year was
assessed using a 4-point Likert scale with the following response
options: (1) “never, or just a few times a year,” (2) “1 to 3 times
a month,” (3) “approximately once a week,” and (4) “more than
once aweek.” Insomnia severity was assessed on a 4-point Likert
scale with the following response options: (1) “no complaint,” (2)
“little complaint,” (3) “pretty much,” and (4) “very much.” A
dichotomous variable (labeled “insomnia disorder”) was created
using both the frequency and severity items. Participants were
classified as positive for insomnia disorder if they reported either
“very much” or “pretty much” on the insomnia severity item and
also reported their insomnia frequency to be “more than once
a week.” If the responses did not meet these criteria, they were
coded negative for insomnia disorder.

Self-reported bedtime and rise time were indicated in hours
and minutes and were reported separately for weekend and
weekdays (only weekdays sleep data were used in this study).
Time in bed (TIB) was calculated by subtracting bedtime from rise
time. Sleep onset latency (SOL) was indicated in hours and
minutes, and in addition to being used continuously, a 4-point
categorical variables was also created: (1) “less than 15minutes,”
(2) “15 to 29minutes,” (3) “30 to 59minutes,” and (4) “greater than
60 minutes.” Time from last awakening to getting out of bed
(GOB) in the morning was also reported. Sleep duration was
defined as TIBminus (SOL1GOB). For the purpose of this study,
sleep duration was also split into 5 categories (less than 5 hours,
5:00-5:59 hours, 6:00-6:59 hours, 7:00-7:59 hours, greater or
equal to 8 hours). Sleep efficiency was calculated as sleep
duration divided by TIB multiplied by 100 (reported as percent-
age). Sleep efficiency was split into 3 categories based on
recommended cutoffs30: (1) ,85%, (2) 85% to 90%, and
(3) .90%.

2.2.2. Pain sensitivity testing

2.2.2.1. Cold-pressor test

A 3˚C circulating water bath (Julabo PF40-HE; JULABO
Labortechnik GmbH, Seelbach, Baden-Württemberg, Germany)
connected to a 13-L external Plexiglas container with a flow of 22
L/min was used in the cold-pressor test. The participants
submerged their dominant hand and wrist in the cold water of
the Plexiglas container as long as they were able to, up to
a maximum of 106 seconds. Time to withdrawal of the hand from
the cold water was recorded. Pain intensity was recorded 4
seconds after the start of the test and every 9 seconds thereafter
on an 11-point numeric rating scale, with 05 “no pain” and 105
“the most intense pain imaginable” as the anchors.

2.2.3. Psychological distress

Anxiety and depression symptoms were recorded with the
Hopkins Symptom Check List, 10-item version (HSCL). The
HSCL is an epidemiological screening tool for detecting
negative affect and has been validated against clinical di-
agnostic depression and anxiety tools.10,11,40,41 The mean
HSCL score was calculated for participants who had responded
on 7 or more of 10 HSCL questions, otherwise their data were
coded as missing. Participants with a score of 1.85 or higher
were classified as having psychological distress. This cutoff has
previously been shown to have a sufficient sensitivity and
specificity (89% and 98%, respectively) with respect to
detecting anxiety or depression compared with the more
extensive 25-item HSCL version.50

2.2.4. Chronic pain

Comorbid chronic pain was assessed by the following question
(yes/no): “Do you have persistent or frequently recurring pain that
has lasted for 3 months or more?”

2.2.5. Education

Self-reported level of educationwas assessed using the following 5
response options: (1) “primary/secondary school” (2) “technical/
vocational school” (3) “high school diploma,” (4) “college/university
less than 4 years,” and (5) “college/university 4 years or more.” For
the purposes of this study, this variable was dichotomized, with the
2 latter categories comprising “college education.”

2.3. Statistical analysis

SPSS version 22 was used for statistical analysis. Pearson x2 and
independent samples t-tests were used in univariate compar-
isons of categorical and continuous variables, respectively.
Nonparametric tests (Mann–Whitney U test) were used for
univariate comparisons of nonnormal distributed data. Because
of a nonlinear relationship between age and pain sensitivity, age
was also treated as a categorical variable in the analysis, with the
categories 30 to 49 (reference group), 50 to 59, 60 to 69, and 70
to 87 years. Sex, age (groups), education, and psychological
distress were included as independent covariates or cofactors in
the model.

Cox proportional hazard regression was used to analyze the
effect of sleep variables (exposure) on pain sensitivity (outcome).
For cold-pressor endurance time, hand withdrawal was defined
as an event and individuals enduring the full 106 seconds were
treated as censored in the analysis. Group comparisons of sleep
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variables were performed in a stepwise manner, including sex,
age, and education as covariates in the first step and
psychological distress in the second. Results were considered
significant if values were P , 0.05.

We also explored the synergistic interactions of sleep and pain
by examining whether being classified as having “insomnia
disorder” and reporting chronic pain had a synergistic effect on
pain tolerance. This was calculated using the algorithm
suggested from earlier research3 in which the synergy index (SI)
is equal to calculations of {HR (AB) 2 1}/{[HR (Ab) 2 1] 1 [HR
(aB) 2 1]}, where A and B denote the presence of 2 risk factors
(insomnia and chronic pain) and a and b are designated as the
absence of these risk factors. An SI of 1.0 implies perfect additivity
and.1 indicates synergistic interaction, ie, suggests that the joint
effects of insomnia and pain on pain tolerance are more than
additive.

2.4. Ethics

This study was approved by the regional ethical board for medical
research and participants gave written informed consent before
inclusion in the study.

3. Results

3.1. Sample characteristics

The mean age of the 10,412 participants was 57.5 (SD, 12.6;
median, 59), and the sample included more women (53.4%) than
men (46.6%). The proportion of individuals fulfilling the criteria for
insomnia disorder was 10.5%, with a higher prevalence among
women (14%) than men (6.5%, P , 0.001). Participants with
insomnia were also older and had lower levels of education than
those without insomnia, but these differences were only

Table 1

Demographical and clinical characteristics among men and women with and without insomnia disorder.

Insomnia disorder (n 5 793) No insomnia (n 5 9619)

Women Men Both Women Men Both

Sex, % 72.1*** 27.9 51.7 48.3

Median age (IQR) 62 (52-70)*** 59 (48-66) 61 (51-69)*** 58 (45-66) 59 (46-66) 59 (46-66)

Education (college education), % 23.4*** 35.1 26.7*** 38.0 40.0 38.9

Psychological distress (HSCL . 1.85), % 44.1*** 40.7*** 43.1*** 7.3 4.2 5.8

Comorbid chronic pain, % 70.7*** 53.0*** 65.8*** 34.2 24.9 29.7

Cold-pressor tolerance , 106 s, % 47.4** 30.7*** 42.4*** 39.0 22.8 30.9

Cold-pressor intensity rating (mean NRS) 7.2 (2.5)*** 6.4 (2.6)*** 7.0 (2.6)*** 6.7 (2.6) 5.9 (2.6) 6.3 (2.6)

Univariate analysis of Insomnia disorder (insomnia severity5 “very much” or “pretty much,” and insomnia frequency5 “more than once a week”) vs no insomnia (Pearson x2 test of categorical variables, t test of means, and

Mann–Whitney U test of medians). HSCL, Hopkins Symptom Checklist 10-item version; IQR, interquartile range; NRS, numeric rating scale.

**P , 0.01; ***P , 0.001.

Table 2

Stepwise Cox regression of the cold-pressor test results (among 10,412 women and men).

% (n) Model 1: crude Model 2: adjusted for age,
sex and education

Model 3: adjusted for age,
sex, education, and
psychological distress

HR 95% CI HR 95% CI HR 95% CI

Insomnia frequency

Never, or just a few times a year 63.3 (8007) 1.00 1.00 1.00

1-3 times a month 17.2 (2177) 1.24*** 1.12-1.36 1.12* 1.02-1.23 1.09 0.99-1.19

Approximately once a week 6.6 (836) 1.39*** 1.22-1.59 1.20** 1.05-1.38 1.12 0.98-1.29

More than once a week 12.9 (1630) 1.52*** 1.37-1.68 1.30*** 1.16-1.44 1.16** 1.03-1.30

Insomnia severity

No complaint 62.4 (7859) 1.00 1.00

Little complaint 27.1 (3411) 1.33*** 1.23-1.44 1.19*** 1.10-1.29 1.15*** 1.05-1.24

Pretty much 7.6 (951) 1.47*** 1.29-1.67 1.26*** 1.10-1.44 1.14* 0.99-1.30

Very much 2.9 (369) 2.04*** 1.70-2.45 1.68*** 1.39-2.02 1.37*** 1.12-1.68

Sleep onset latency

,15 min 54.1 (3597) 1.00 1.00 1.00

15-29 min 22.9 (1523) 1.16* 1.03-1.31 1.16** 1.03-1.31 1.15* 1.02-1.30

30-59 min 18.0 (1196) 1.37*** 1.21-1.55 1.27*** 1.12-1.45 1.23*** 1.08-1.40

$60 min 5.0 (331) 1.53*** 1.24-1.88 1.36** 1.11-1.68 1.24* 1.00-1.54

Sleep duration

,5:00 h 4.9 (2947) 1.06 0.83-1.37 1.09 0.85-1.40 1.06 0.82-1.36

5:00-5:59 h 11.7 (714) 0.94 0.79-1.13 0.96 0.81-1.15 0.96 0.80-1.14

6:00-6:59 h 38.9 (2375) 1.00 1.00 1.00

7:00-7:59 h 35.4 (2158) 1.10 0.98-1.24 1.08 0.96-1.22 1.09 0.97-1.23

$8:00 h 9.2 (560) 1.50*** 1.26-1.78 1.42*** 1.19-1.69 1.40*** 1.17-1.67

Sleep efficiency

$90 88.2 (5459) 1.00 1.00 1.00

85-89.99 7.6 (471) 1.21* 1.00-1.45 1.10 0.91-1.33 1.05 0.87-1.27

,85 4.1 (256) 1.47** 1.16-1.84 1.37** 1.09-1.72 1.23 0.98-1.55

*P , 0.05; **P , 0.01; ***P , 0.01.

CI, confidence interval.
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significant among women (detailed in Table 1). Comorbid
psychological distress (HSCL score . 1.85) was more frequent
among participants with insomnia (33.9% vs 5%, P , 0.001).

3.2. Sleep and pain sensitivity: the cold-pressor test

In all, 68% of the participants completed the cold-pressor test
without withdrawing their hand before the test ended. Participants
with an insomnia disorder were more likely to withdraw before the
test ended than did the controls (42.4% vs 30.9%, P, 0.001). Both
insomnia frequency and severitywere associatedwith pain sensitivity
in a dose–response manner. As detailed in Table 2, participants
reporting insomniamore than once aweek had a 52%higher hazard
ratio (HR51.52) for reduced cold-pressor pain tolerance, compared
with weekly (HR 5 1.39) and monthly (HR 5 1.24) complaints of
insomnia (reference “never”: all P , 0.001). Insomnia severity was
also associated with reduced pain tolerance, with HRs ranging from
2.04 (“very much”) to 1.33 (“little complaint”) (reference: “no
complaint”). In terms of SOL, participants with an SOL of more than
1 hour had a 53% higher HR for reduced pain tolerance, compared
with37% inparticipantswith anSOLof30 to59minutesand16%for
thosewith anSOLof 15 to29minutes (referenceSOL,15minutes).
In contrast, sleep duration was not associated with reduced pain
tolerance, with the exception of those sleeping 8 hours or more.

As detailed in Table 2, the pain sensitivity-sleep associations
were only slightly attenuated by adjusting for age and gender.
Figure 1 depicts the hazard plots for the cumulative proportion of
participants withdrawing their hand during the cold-pressor test for
all sleep variables. Additional adjustments for psychological distress

(HSCL . 1.85) reduced the associations, but most HRs remained
significant, at least for the most extreme response options.

3.3. Joint associations of insomnia and chronic pain with
pain tolerance

To further explore the link between chronic pain and sleep, we
examined the joint association of insomnia and chronic pain on
withdrawal during the cold-pressor test. As depicted in Figure 2,
the HR of reduced pain tolerance was higher when reporting both
chronic pain and insomnia (combined at both “very much” levels)
(HR 5 2.21; 95% confidence interval 5 1.79-2.73), and
significantly higher than merely summing the 2 conditions,
indicating a synergistic interaction effect in the crude analyses
(SI 5 1.334). When adjusting for all covariates, the HRs were
somewhat reduced, especially for insomnia, whereas the
synergistic interaction effect increased (SI 5 1.444).

4. Discussion

In this large population-based study, all sleep parameters were
significantly associated with reduced pain tolerance. Both the
frequency and severity of insomnia, in addition to sleep onset
problems and sleep efficiency, were associated with pain
sensitivity in a dose–responsemanner. Adjusting for demograph-
ics and psychological distress reduced the strengths of the HRs,
but most associations remained significant in the fully adjusted
models. We also found a synergistic interaction effect on pain
tolerance when combining insomnia and chronic pain.

Figure 1.Cumulative proportion withdrawing hand during the cold-pressor test (CPT): results for sleep variables. Cox regressions, adjusted for sex and age. *P,
0.05; **P , 0.01; ***P , 0.001. HR, hazard ratio.
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4.1. Comparison with previous research

This is the first large population-based study to examine the link
between sleep and pain sensitivity. To date, only a handful of
studies have investigated heat and cold pain stimuli, but with
conflicting results.8,12,22,36,39 Two small studies of 936 and 1212

healthy adults found no significant association between sleep and
thermal pain thresholds. Also, Busch et al.8 recently examined 20
patients with somatoform pain disorder and reported that
although the pain thresholds remained unchanged after 1 night’s
total sleep restriction, the level of pain complaints increased. In
contrast to these studies, Roehrs et al.39 found that loss of 4
hours of sleep significantly decreased finger withdrawal latency
after noxious thermal heat in 7 pain-free individuals. Similarly, in
a study of 20 healthy adults, Kundermann et al.22 found that sleep
deprivation resulted in a significant decrease in pain thresholds,
without altering the detection thresholds for warmth and cold.
This latter study suggests that sleep problems may have
a hyperalgesic effect that cannot be explained by changes in
general somatosensation.22 In a somewhat larger study of 424
participants, Chiu et al.9 found that subjects with symptoms of
insomnia had lower threshold for pressure pain. However, that
study did not adjust for important confounders, and also their
sample comprised participants with substantial chronic wide-
spread pain and psychological distress, and as such were not
generalizable to the general population. In contrast to these
studies, this study of more than 10,000 participants from the
general population found consistent significant associations
between pain sensitivity and a range of sleep measures.

It is noteworthy that both the frequency and severity of
insomnia, as well as SOL and sleep efficiency were related to

increased pain sensitivity, whereas sleep duration was not.
However, this apparent inconsistency is not surprising. An
important issue when studying any consequence of sleep is to
differentiate between distinct types of sleep problems; and
although there is a significant overlap between those who report
insomnia and those who have a short sleep duration,47 it is also
important to distinguish between these 2 groups. In addition to
the diagnostic criteria of having difficulty falling asleep and
maintaining asleep, a diagnosis of insomnia also requires that
the sleep problems must occur despite adequate opportunity
and circumstances for sleep.13 As such, voluntary or enforced
sleep loss, which is a characteristic of behaviorally induced
insufficient sleep syndrome, should not be misclassified as
insomnia.1 The distinction between sleep deprivation and
insomnia is also important when studying their respective
consequences. Although sleep deprivation has consistently
been linked to reduced neuropsychological performance,37 the
effect of insomnia on this outcome is less clear, and at best,
more subtle and qualitatively different from sleep loss.43 As
such, it is not unexpected that insomnia, by definition a sub-
jective disorder,2 is more strongly related to subjective pain
experience in the cold-pressor test, than having a short
sleep duration.

4.2. Potential mechanisms

Although previous studies have predominantly been focused on
examining whether sleep and pain are consistently associated,
there is nowmore focus on investigating how these conditions are
related.14 In that respect, several pathways have been proposed
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Figure 2. Insomnia, chronic pain, and their possible synergy effect on withdrawing hand during the cold-pressor test (CPT) among 10,412 women and men.
Adjusted for sex, age, education, and psychological distress. Synergistic effects (blue area in bars)5 1.422 (crude) and 1.471 (adjusted). Error bars represent 95%
confidence intervals. **P , 0.01; ***P , 0.001. HR, hazard ratio.
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as potential candidates. First, both sleep and pain have been
found to differ across demographic factors. For example, sleep
problems are more common among females and older adults.44

However, adjusting for demographic factors (age, gender, and
education) in this study only marginally attenuated the associ-
ation between most sleep measures and pain sensitivity, and
there is generally little evidence that such interactions may
explain much of the sleep–pain link.14 Second, several studies
have pointed to negative affect as a common factor for both
sleep and pain. Consistent with this finding is the fact that
depressive symptoms have been found to mediate the
association between sleep and pain in both clinical and
nonclinical samples.34 This was supported by this study, where
adjusting for psychological distress explained a significant part
of the association between sleep and pain sensitivity. However,
it has also been shown that sleep quality mediates the
relationship between pain and depression,16 and as such, the
temporal dynamics between these 3 conditions remain un-
certain.14 Third, with regards to which neurotransmitter systems
may be involved in the pain–sleep association, dopamine has
been shown to be an important contributor. It is well known that
dopamine is fundamental in the sleep–wake regulation, and it
has been suggested that pain may alter the signaling of
dopamine, negatively affecting sleep quality.29 However, more
research is needed to examine how sleep problems may alter
dopamine functioning and how this may ultimately influence
pain sensitivity, and vice versa.

4.3. Clinical implications

The main finding in this study was that impaired sleep was
associated with increased pain sensitivity. As comorbid sleep
problems and pain have been linked to elevated disability,23 the
need to improve sleep among patients with chronic pain, and
vice versa, is evident. Both pharmacological4 and cognitive
behavioral therapy (CBT)51 interventions for insomnia and pain
interactions have been thoroughly investigated. Regarding
nonpharmacological interventions, which today are generally
regarded as the treatment of choice for chronic insomnia,33

a CBT-based approach addressing both pain and sleep has
been found to be effective.51 As such, future research should
focus on examining low-threshold interventions of comorbid
sleep and pain, as Internet-based self-help interventions have
shown promising results in treating both conditions
individually.7,38,48

Conflict of interest statement

The authors have no conflicts of interest to declare.
This study was funded by the Norwegian Research Council.

Acknowledgements

The authors thank all participants in the Tromsø study.

Article history:
Received 4 December 2014
Received in revised form 28 January 2015
Accepted 3 February 2015

References

[1] American Academy of Sleep Medicine. The international classification of
sleep disorders: diagnostic & coding manual, ICSD-2. Westchester:
American Academy of Sleep Medicine, 2005.

[2] American Psychiatric Association. Diagnostic and statistical manual
of mental disorders. 5th ed. Arlington: American Psychiatric Publishing,
2013.

[3] Andersson T, Alfredsson L, Kallberg H, Zdravkovic S, Ahlbom A.
Calculating measures of biological interaction. Eur J Epidemiol 2005;
20:575–9.

[4] Beaulieu P, Walczak J. Pharmacological management of sleep and pain
interactions. In: Lavigne G, Sessle B, Choiniere M, Soja P, editors. Sleep
and Pain. Seattle: IASP Press, 2007. p. 391–416.

[5] Boardman HF, Thomas E, Millson DS, Croft PR. The natural history of
headache: predictors of onset and recovery. Cephalalgia 2006;26:
1080–8.

[6] Breivik H. A major challenge for a generous welfare system: a heavy
socio-economic burden of chronic pain conditions in Sweden–and how
to meet this challenge. Eur J Pain 2012;16:167–9.

[7] Buhrman M, Fredriksson A, Edstrom G, Shafiei D, Tarnqvist C,
Ljotsson B, Hursti T, Gordh T, Andersson G. Guided Internet-delivered
cognitive behavioural therapy for chronic pain patients who have
residual symptoms after rehabilitation treatment: randomized
controlled trial. Eur J Pain 2013;17:753–65.

[8] Busch V, Haas J, Cronlein T, Pieh C, Geisler P, Hajak G, Eichhammer P.
Sleep deprivation in chronic somatoform pain-effects on mood and pain
regulation. Psychiatry Res 2012;195:134–43.

[9] Chiu YH, Silman AJ, Macfarlane GJ, Ray D, Gupta A, Dickens C,
Morriss R, McBeth J. Poor sleep and depression are independently
associated with a reduced pain threshold. Results of a population
based study. PAIN 2005;115:316–21.

[10] Derogatis LR, Lipman RS, Rickels K, Uhlenhuth EH, Covi L. The Hopkins
Symptom Checklist (HSCL). A measure of primary symptom dimensions.
Mod Probl Pharmacopsychiatry 1974;7:79–110.

[11] Derogatis LR, Lipman RS, Rickels K, Uhlenhuth EH, Covi L. The Hopkins
Symptom Checklist (HSCL): a self-report symptom inventory. Behav Sci
1974;19:1–15.

[12] Drewes AM, Rossel P, ArendtNielsen L, Nielsen KD, Hansen LM,
BirketSmith L, StengaardPedersen K. Sleepiness does not modulate
experimental joint pain in healthy volunteers. Scand J Rheumatol 1997;
26:399–400.

[13] Edinger JD, Bonnet MH, Bootzin RR, Doghramji K, Dorsey CM, Espie CA,
Jamieson AO, McCall WV, Morin CM, Stepanski EJ. Derivation of
research diagnostic criteria for insomnia: report of an American Academy
of Sleep Medicine Work Group. Sleep 2004;27:1567–96.

[14] Finan PH, Goodin BR, Smith MT. The association of sleep and pain: an
update and a path forward. J Pain 2013;14:1539–52.

[15] Gustavsson A, Bjorkman J, Ljungcrantz C, Rhodin A, Rivano-Fischer M,
Sjolund KF, Mannheimer C. Socio-economic burden of patients with
a diagnosis related to chronic pain–register data of 840,000 Swedish
patients. Eur J Pain 2012;16:289–99.

[16] Hamilton NA, Pressman M, Lillis T, Atchley R, Karlson C, Stevens N.
Evaluating evidence for the role of sleep in fibromyalgia: a test of the sleep
and pain diathesis model. Cognit Ther Res 2012;36:806–14.

[17] Hoy D, Brooks P, Blyth F, Buchbinder R. The epidemiology of low back
pain. Best Pract Res Clin Rheumatol 2010;24:769–81.

[18] Jacobsen BK, Eggen AE, Mathiesen EB, Wilsgaard T, Njolstad I. Cohort
profile: the Tromso Study. Int J Epidemiol 2012;41:961–7.

[19] Jennum P, Drewes AM, Andreasen A, Nielsen KD. Sleep and other
symptoms in primary fibromyalgia and in healthy controls. J Rheumatol
1993;20:1756–9.

[20] Kessler RC, Berglund PA, Coulouvrat C, Hajak G, Roth T, Shahly V,
Shillington AC, Stephenson JJ, Walsh JK. Insomnia and the performance
of USworkers: results from the America Insomnia Survey. Sleep 2011;34:
1161–71.

[21] Kundermann B, Krieg JC, Schreiber W, Lautenbacher S. The effect of
sleep deprivation on pain. Pain Res Manag 2004;9:25–32.

[22] Kundermann B, Spernal J, Huber MT, Krieg JC, Lautenbacher S.
Sleep deprivation affects thermal pain thresholds but not
somatosensory thresholds in healthy volunteers. Psychosomatic
Med 2004;66:932–7.

[23] Lallukka T, Overland S, Haaramo P, Saastamoinen P, Bjorvatn B,
Sivertsen B. The joint contribution of pain and insomnia to sickness
absence and disability retirement: a register-linkage study among
Norwegian and Finnish employees. Eur J Pain 2014;18:883–92.

[24] Lentz MJ, Landis CA, Rothermel J, Shaver JL. Effects of selective slow
wave sleep disruption onmusculoskeletal pain and fatigue inmiddle aged
women. J Rheumatol 1999;26:1586–92.

[25] Lyngberg AC, Rasmussen BK, Jorgensen T, Jensen R. Has the
prevalence of migraine and tension-type headache changed over a 12-
year period? A Danish population survey. Eur J Epidemiol 2005;20:
243–9.

1438 B. Sivertsen et al.·156 (2015) 1433–1439 PAIN®

  Copyright � 2015 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.



[26] Mantyselka PT, Kumpusalo EA, Ahonen RS, Takala JK. Direct and
indirect costs of managing patients with musculoskeletal pain-challenge
for health care. Eur J pain 2002;6:141–8.

[27] Moldofsky H, Scarisbrick P. Induction of neurasthenic musculoskeletal
pain syndrome by selective sleep stage deprivation. Psychosomatic Med
1976;38:35–44.

[28] Moldofsky H, Scarisbrick P, England R, Smythe H. Musculoskeletal
symptoms and non-REM sleep disturbance in patients with “fibrositis
syndrome” and healthy subjects. Psychosomatic Med 1975;37:341–51.

[29] Monti JM, Monti D. The involvement of dopamine in the modulation of
sleep and waking. Sleep Med Rev 2007;11:113–33.

[30] Morin CM. Insomnia: psychological assessment and management. New
York: The Guilford Press, 1993.

[31] Morin CM, Belanger L, LeBlanc M, Ivers H, Savard J, Espie CA,
Merette C, Baillargeon L, Gregoire JP. The natural history of insomnia:
a population-based 3-year longitudinal study. Arch Intern Med 2009;
169:447–53.

[32] Morin CM, Gibson D,Wade J. Self-reported sleep andmood disturbance
in chronic pain patients. Clin J pain 1998;14:311–14.

[33] National Institute of Health. NIH state-of-the-science conference
statement on manifestations and management of chronic insomnia in
adults. NIH Consens State Sci Statements 2005;22:1–30.

[34] O’Brien EM, Waxenberg LB, Atchison JW, Gremillion HA, Staud RM,
McCrae CS, Robinson ME. Negative mood mediates the effect of poor
sleep on pain among chronic pain patients. Clin J pain 2010;26:310–19.

[35] Odegard SS, Sand T, Engstrom M, Stovner LJ, Zwart JA, Hagen K. The
long-term effect of insomnia on primary headaches: a prospective
population-based cohort study (HUNT-2 and HUNT-3). Headache 2011;
51:570–80.

[36] Onen SH, Alloui A, Gross A, Eschallier A, Dubray C. The effects of total
sleep deprivation, selective sleep interruption and sleep recovery on pain
tolerance thresholds in healthy subjects. J Sleep Res 2001;10:35–42.

[37] Pilcher JJ, Huffcutt AI. Effects of sleep deprivation on performance:
a meta-analysis. Sleep 1996;19:318–26.

[38] Ritterband LM, Bailey ET, Thorndike FP, Lord HR, Farrell-Carnahan L,
Baum LD. Initial evaluation of an Internet intervention to improve the sleep
of cancer survivors with insomnia. Psycho-oncology 2012;21:695–705.

[39] Roehrs T, HydeM, Blaisdell B, Greenwald M, Roth T. Sleep loss and REM
sleep loss are hyperalgesic. Sleep 2006;29:145–51.

[40] Sandanger I, Moum T, Ingebrigtsen G, Dalgard OS, Sorensen T,
Bruusgaard D. Concordance between symptom screening and
diagnostic procedure: the Hopkins Symptom Checklist-25 and the
Composite International Diagnostic Interview I. Soc Psychiatry Psychiatr
Epidemiol 1998;33:345–54.

[41] Sandanger I, Moum T, Ingebrigtsen G, Sorensen T, Dalgard OS,
Bruusgaard D. The meaning and significance of caseness: the Hopkins
Symptom Checklist-25 and the Composite International Diagnostic
Interview. II. Soc Psychiatry Psychiatr Epidemiol 1999;34:53–9.

[42] Schuh-Hofer S, Wodarski R, Pfau DB, Caspani O, Magerl W, Kennedy
JD, Treede RD. One night of total sleep deprivation promotes a state of
generalized hyperalgesia: a surrogate painmodel to study the relationship
of insomnia and pain. PAIN 2013;154:1613–21.

[43] Shekleton JA, Rogers NL, Rajaratnam SM. Searching for the daytime
impairments of primary insomnia. Sleep Med Rev 2010;14:47–60.

[44] Sivertsen B, Krokstad S, Overland S, Mykletun A. The epidemiology of
insomnia: associations with physical and mental health. The HUNT-2
study. J Psychosom Res 2009;67:109–16.

[45] Sivertsen B, Lallukka T, Salo P. The economic burden of insomnia at the
workplace. An opportunity and time for intervention? Sleep 2011;34:
1151–2.

[46] Sivertsen B, Lallukka T, Salo P, Pallesen S, Hysing M, Krokstad S,
Øverland S. Insomnia as a risk factor for ill health. Results from the large
population-based prospective HUNT study in Norway. J Sleep Res 2014;
23:124–32.

[47] Sivertsen B, Overland S, Pallesen S, Bjorvatn B, Nordhus IH,Maeland JG,
Mykletun A. Insomnia and long sleep duration are risk factors for later
work disability. TheHordalandHealth Study. J SleepRes 2009;18:122–8.

[48] Sivertsen B, Vedaa Ø, Nordgreen T. The future of insomnia
treatment—the challenge of implementation. Sleep 2013;36:303–4.

[49] Stabell N, Stubhaug A, Flaegstad T, Nielsen CS. Increased pain sensitivity
among adults reporting irritable bowel syndrome symptoms in a large
population-based study. PAIN 2013;154:385–92.

[50] Strand BH, Dalgard OS, Tambs K, Rognerud M. Measuring the mental
health status of the Norwegian population: a comparison of the
instruments SCL-25, SCL-10, SCL-5 and MHI-5 (SF-36). Nordic J
Psychiatry 2003;57:113–18.

[51] Tang NK. Cognitive-behavioral therapy for sleep abnormalities of chronic
pain patients. Curr Rheumatol Rep 2009;11:451–60.

August 2015·Volume 156·Number 8 www.painjournalonline.com 1439

  Copyright � 2015 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.


