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Abstract

Introduction

Association of knee and low back pain with sleep disturbance is poorly understood. We

aimed to clarify the independent and combined effects of these orthopedic symptoms on

sleep in a large-scale general population.

Methods

Cross-sectional data about sleep and knee/low back pain were collected for 9,611 commu-

nity residents (53±14 years old) by a structured questionnaire. Sleep duration less than 6 h/

d was defined as short sleep. Sleep quality and the presence of knee and low back pain

were evaluated by dichotomous questions. Subjects who complained about knee or low

back pains were graded by tertiles of a numerical response scale (NRS) score and a

Roland-Morris disability questionnaire (RDQ) score respectively. Multivariate regression

analyses were performed to determine the correlates of short sleep duration and poor sleep

quality.

Results

Frequency of participants who complained of the orthopedic symptoms was as follows;

knee pain, 29.0%; low back pain, 42.0% and both knee and low back pain 17.6%. Both

knee and low back pain were significantly and independently associated with short sleep
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duration (knee pain: odds ratio (OR) = 1.19, p<0.01; low back pain: OR = 1.13, p = 0.01)

and poor sleep quality (knee pain: OR = 1.22, p<0.01; low back pain; OR = 1.57, p<0.01).

The group in the highest tertile of the NRS or RDQ score had the highest risk for short sleep

duration and poor sleep quality except for the relationship between the highest tertile of the

RDQ score and short sleep duration.(the highest tertile of the NRS: OR for short sleep dura-

tion = 1.31, p<0.01; OR for poor sleep quality = 1.47, p<0.01; the highest tertile of the RDQ:

OR for short sleep duration = 1.11, p = 0.12; OR for poor sleep quality = 1.81, p<0.01) Fur-

ther, coincident knee and low back pain raised the odds ratios for short sleep duration

(either of knee or low back pain: OR = 1.10, p = 0.06; both knee and low back pain: OR =

1.40, p<0.01) and poor sleep quality (either of knee or low back pain: OR = 1.61, p<0.01;

both knee and low back pain: OR = 2.17, p<0.01).

Conclusion

Knee and low back pains were independently associated with short sleep duration and poor

sleep quality. Further, they additively increased the correlation with these sleep problems in

the general population.

Introduction
Several studies have suggested that short sleep duration is one of the risks for obesity, hyperten-
sion, glucose intolerance and cardiovascular diseases (CVD) in general populations [1–4]. Fur-
ther, poor sleep quality is also correlated with these conditions, and it has been suggested that
there were adverse synergistic effects from poor sleep quality and short sleep duration on these
conditions [5–9]. Although how these conditions are associated with sleep duration and quality
remains uncertain, it has been reported that both short sleep duration and poor sleep quality
contributed to hypertension and CVD by increasing sympathetic tonus and activity of inflam-
matory pathways [10,11]. Further, other studies found that sleep deprivation increased body
weight and insulin resistance by changing metabolic hormonal levels and calorie intake
[2,12,13]. These results emphasized the importance of clarifying factors that cause short sleep
duration or poor sleep quality. However, few studies have been performed to determine these
factors. Even though we previously reported that gastroesophageal reflux disease (GERD)
symptoms and unfavorable dietary habits were independent determinants of short sleep dura-
tion in the general population [14], other previous studies suggested that sleep is affected by
numerous lifestyle and health-related factors [15–17]. Therefore, there may still be residual but
important determining factors for sleep disturbance that have not yet been identified.

Individuals with knee pain or low back pain frequently complain of sleep problems [18,19]
and the relation between sleep and these musculoskeletal pains has been investigated. The one
month prevalence of knee pain and low back pain in the general population was reported to be
20 to 25% and 20 to 35%, respectively [20–23]. Wilcox et al and Sasaki et al found that the onset
and maintenance of sleep were the main types of sleep disturbance affected by knee pain [24,25].
Bahouq et al reported that individuals with low back pain commonly reported insomnia [26].

On the other hand, concomitant knee and low back pain is common and the intensities of
knee pain and low back pain are positively correlated with each other [27,28]. However, the
combined associations of these two musculoskeletal pains with sleep disturbance have never
been investigated in a large scale population sample.
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Here, we hypothesized that knee pain and low back pain were independently and additively
correlated with sleep duration and quality and conducted a cross-sectional study by analyzing
a dataset of the Nagahama Prospective Cohort for Comprehensive Human Bioscience (Naga-
hama Study), which is a large-scale population-based cohort study in Japan. We also hypothe-
sized that frequencies of these orthopedic symptoms linearly increased with decreasing sleep
duration. Further, because the previous studies suggested that a higher intensity of knee or low
back pain was associated with higher frequency of sleep disturbance [29–31], we also analyzed
the scores of the questionnaires that were correlated with the severity of these musculoskeletal
pains and evaluated the association between these scores and sleep parameters.

Methods

Study participants
This study cohort was recruited from the general population living in Nagahama city, a largely
rural city of 125,000 inhabitants in Shiga prefecture, located in the center of Japan. Recruitment
was performed via mass communication such as newspaper flyers, brochures and Internet
homepages of the local government and citizen organizations from 2008 to 2010. Information
sessions about the present study for residents were also held by researchers and city employees
as needed.

The inclusion criteria were as following: 1) age 30 to 74 years old, 2) able to participate in
the health examinations independently, 3) no difficulty in communication and 4) voluntarily
deciding to participate in the project.

A total of 9,809 residents voluntarily participated in the study. We collected their blood
samples and instructed them to answer a questionnaire on their clinical background such as
medical history and life habits. The majority of these data was not obtained from 5 participants
who were then excluded from the baseline dataset. As a result, data from 9,804 individuals
were finally included into the baseline dataset of the Nagahama study and the analysis of these
baseline data took place in 2013 and 2014. Then, individuals with malignant tumors that were
under treatment and/or clinical follow-up (n = 152) and who did not complete the question-
naire required for the present analysis (n = 41) were further excluded from the present
analysis.

All study procedures were approved by the ethics committee of Kyoto University Graduate
School of Medicine and by the Nagahama Municipal Review Board. Written informed consent
was obtained from all participants.

Assessment of sleep duration and quality
Sleep duration was investigated by the following question: “On average, how many hours do
you sleep per day?” Regularity of sleep schedule was also investigated by the following “yes-no”
question: “Are your waking time and bed time regular?”Quality of sleep was assessed by the
following “yes-no” question: “Do you sleep poorly?” Participants who answered “yes” were
defined as having poor sleep quality.

Assessment of knee and low back pain
The presence of knee pain was determined by the following “yes-no” question: “Do your knees
hurt?”. For the participants who answered “yes”, severity was assessed by a numerical response
scale (NRS). In brief, participants who indicated the presence of knee pain were instructed to
choose a number from 0 to 100 that represented pain intensity, with 0 indicating ‘no pain’ and
100 indicating ‘pain as bad as it could be’ [32]. Participants with knee pain were subdivided
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into three groups according to tertiles of the NRS score. Tertiles were designated as follows
according to the degree of pain with higher scores indicating greater pain: T1-NRS,T2-NRS
and T3-NRS. Those without knee pain were designated as the “no knee pain” group.

Low back pain was evaluated by the following “yes-no” question: “Does your low back
hurt?”. Those participants who answered “yes” were instructed to respond to the Roland-Mor-
ris disability questionnaire (RDQ). RDQ is a well-validated and widely used scale that includes
24 items asking about low back pain related disability experienced during daily living. Each
item in the RDQ can be answered with “yes” or “no”. The RDQ score is indicated by the sum
of “yes” answers with a maximum of 24 points and higher scores represents more severe dis-
ability that is related to low back pain [33]. Participants with low back pain were categorized
into 3 groups according to tertiles of the RDQ score: T1-RDQ, T2-RDQ and T3-RDQ. Partici-
pants without low back pain comprised the “no low back pain” group.

The RDQ includes the following question asking the direct relation between low back pain
and sleep quality: “I sleep less well because of my back”. Because it was possible that the answer
for this question considerably affected the analysis of the correlation between low back pain
and sleep parameters, we calculated a modified RDQ score by excluding this item. We subdi-
vided subjects again by tertiles of this modified RDQ score and performed the same analysis.

Clinical parameters and life habits
Basic clinical parameters were also measured at baseline. Smoking and drinking habits and
medical regimen were obtained by a structured questionnaire. Individuals who consumed alco-
hol more than 4 days/w were defined as frequent drinkers. With regard to the assessment of
the medical regimens that were related to sleep and pain, the participants were questioned
whether they were regularly taking “hypnotic drugs” or “analgesics”.

Details on methods of assessment of GERD symptoms and dietary behaviors were described
in our previous report [14]. Briefly, GERD symptoms were evaluated using the “Frequency
Scale for the Symptoms of GERD”, a well-validated and widely used questionnaire. Unfavor-
able dietary behaviors were assessed by the 4 “yes-no” questions about timing of meals and
snacks and a score of one was assigned to each “yes” response.

Statistical analysis
The participants were categorized into 5 groups according to sleep duration: less than 5 h, 5 to
less than 6 h, 6 to less than 7 h, 7 to less than 8 h, and 8 or more h per day. Short sleep duration
was defined as<6 h/d of sleep according to previous studies [3,14,34].

First, we divided the whole cohort into subgroups in 3 different ways according to gender,
sleep duration and sleep quality, respectively. Differences in numeric variables among these
subgroups were assessed by analysis of variance or Student’s t-test, while frequency differences
were assessed by a chi-square analysis. In the comparison among subgroups categorized by
sleep duration, trend analysis was also performed to assess whether target values showed
increasing or decreasing trend as the sleep duration increased. These analyses were conducted
by the Cochrane-Armitage trend test for categorical variables or the Jonckheere trend test for
numerical variables. Further, to assess whether the presence of knee/low back pain was inde-
pendently associated with short sleep duration or poor sleep quality, multiple logistic regres-
sion analysis of the whole cohort was performed. (Model 1) As we discuss later, since an
irregular sleep schedule and taking hypnotics were strongly associated with sleep duration and
quality, we conducted other multiple logistic regression analyses that included only partici-
pants without irregular sleep schedule (Model 2) or participants without taking hypnotics
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(Model 3) to confirm whether the significant association between sleep parameters and the
musculoskeletal pains would remain.

Second, to examine the relationship between the severity of these orthopedic symptoms and
sleep parameters, we performed multiple logistic regression analysis and calculated odds ratios,
95% confidence interval (CI) and p values for each subgroup categorized by tertiles of NRS
scores for knee pain and RDQ scores for low back pain. The “no knee pain” or “no low back
pain” subgroups served as references. Further, because this analysis showed an association
between long sleep duration and a high RDQ score, we added the explorative analysis. We re-
subdivided the whole cohort into 3 groups according to the sleep duration as follows: (1) short
(less than 6h/d), (2) normal (6 to less than 8 h/d), (3) long (8 or more h/d). We then performed
multinominal logistic regression analysis to confirm the correlation between sleep duration
and RDQ score. Further, a multiple logistic regression analysis adopting modified RDQ score
as described previously was also performed.

Lastly, to evaluate the additive association of knee and low back pain with sleep duration
and quality, we categorized the present cohort into 3 groups according to the presence of knee
and/or low back pain as follows: (1) neither knee nor low back pain, (2) either of knee or low
back pain and (3) both knee and low back pain. Then, odds ratios in each group for short sleep
duration and poor sleep quality were calculated by multiple logistic regression analysis with the
group having neither knee nor low back pain as the reference.

In all multiple logistic regression analysis, the explanatory variables entered into the analysis
were those yielding a p value<0.05 in the comparisons among subgroups categorized by sleep
duration or sleep quality. Although collinearity between two independent explanatory variables
was evaluated after converting the dichotomous variables to dummy variables, no strong col-
linearity (γ>0.7) was found in any combination of these explanatory variables.

All statistical analyses were performed using JMP (ver 11, SAS Institute Inc., Cary, NC,
USA) or SPSS (ver 22, SPSS Japan, Inc., Tokyo, Japan) software, with a two-tailed p-value less
than 0.05 considered to indicate statistical significance.

Results

Participants’ background
Characteristics of study participants are summarized in Table 1. Women complained of knee
pain more frequently than men (women 30.6 vs. men 25.9%, p<0.01), while low back pain was
less common in women (women 40.1 vs. men 46.0%, p<0.01). Participants with knee pain
were significantly older (59±12 vs. 51±14 y, p<0.01), had a higher body mass index (BMI)
(23.0±3.4 vs. 22.0±3.2 kg/m2, p<0.01), and were more frequently taking analgesic (5.3 vs. 2.5%,
p<0.01) and hypnotic (8.1% vs. 4.2%, p<0.01) drugs than individuals without knee pain. The
participants with low back pain were also older (55±13 vs. 53±13 y, p<0.01) and had higher
BMI (22.7±3.4 vs. 22.0±3.2 kg/m2, p<0.01) than those without low back pain. The number of
participants who were taking analgesic or hypnotic drugs was higher in those with than with-
out low back pain. (4.8 vs. 2.2%, p<0.01 and 7.3 vs. 4.1%, p<0.01, respectively)

A substantial number of participants, specifically 60.6% of those with knee pain (corre-
sponding to 17.6% of total participants), reported having both knee and low back pain.

Comparisons among subgroups categorized by sleep parameters and
the association between sleep parameters and knee/low back pain
Differences in characteristics by sleep duration are summarized in Table 2. Frequencies of
females, irregular sleep schedule and consumption of hypnotic or analgesic drugs, BMI, GERD
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symptoms and the number of unfavorable dietary behaviors increased linearly with decreasing
sleep duration. On the other hand, frequency of current smokers and alcohol drinkers
decreased linearly with decreasing sleep duration. Trend analysis demonstrated that frequen-
cies of knee and low back pain also linearly increased with decreasing sleep duration. In addi-
tion, these orthopedic symptoms were more frequently found in those with than without poor
sleep quality (Table 3). The multiple logistic regression analysis indicated that both orthopedic
symptoms were independently associated with sleep duration and quality after adjustment for
possible covariates, while the odds ratio of low back pain for short sleep duration was some-
what lower than that for poor sleep quality. (Tables 4 and 5)

In the comparison among subgroups categorized by sleep duration, the frequency of an
irregular sleep schedule was approximately three times higher in the highest group than in the
lowest group. (Table 2) Further, it was twice as high in those with than without poor sleep qual-
ity. (Table 3) We performed the multiple logistic regression analysis for short sleep duration
and poor sleep quality again excluding the participants with an irregular sleep schedule. Then,
we confirmed that the significant associations between sleep parameters and these

Table 1. Clinical characteristics of study participants.

All Men Women

(n = 9,611) (n = 3,157) (n = 6,454) p*

Age, y 53 ± 14 55 ± 14 52 ± 13 <0.01

Body mass index, kg/m2 22.3 ± 3.3 23.4 ± 3.1 21.7 ± 3.2 <0.01

Current smoker, % 14.7 31.2 6.6 <0.01

Frequent alcohol drinker, % 22.9 49.8 9.7 <0.01

Irregular sleep schedule, % 10.6 13.7 9.2 <0.01

Sleep medication, % 5.3 4.9 5.6 0.19

Analgesic drug, % 3.3 1.7 4.1 <0.01

GERD, % 22.9 22.5 23.1 0.52

No. unfavorable dietary behaviors 0.8 ± 0.9 1.0 ± 0.9 0.7 ± 0.8 <0.01

Knee pain, % 29.0 25.9 30.6 <0.01

Group categorized by the tertile of NRS score, %

T1-NRS (NRS score �0 and <10) 12.4 10.8 13.1

T2-NRS (NRS score �10 and <30) 9.6 8.5 10.2

T3-NRS (NRS score �30) 7.1 6.6 7.3

Low back pain, % 42.0 46.0 40.1 <0.01

Group categorized by the tertile of RDQ score, %

T1-RDQ (RDQ score = 0) 12.1 13.7 11.4

T2-RDQ (RDQ score = 1 or 2) 14.3 16.2 13.4

T3-RDQ(RDQ score �3) 15.6 16.1 15.3

Short sleep duration, % 29.4 25.9 31.1 <0.01

Poor sleep quality, % 17.6 17.2 17.8 0.46

Values are expressed as mean ± standard deviation or percentage.

GERD: gastroesophageal reflux disease, NRS: numerical response scale, RDQ: Roland-Morris Disability Questionnaire.

* p value in comparison with men and women.

Participants with knee pain were subdivided into 3 groups according to tertiles of the NRS score. Groups in the first, second and third tertile of NRS were

designed as T1-NRS, T2-NRS and T3-NRS, respectively.

Participants with low back pain were subdivided into 3 groups according to tertiles of the RDQ score. Groups in the first, second and third tertile of RDQ

were designed as T1-RDQ, T2-RDQ and T3-RDQ, respectively.

doi:10.1371/journal.pone.0140058.t001
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musculoskeletal symptoms remained. (Tables 4 and 5) Further, the frequency of taking hyp-
notics was approximately 10 times higher in the group with than without poor sleep quality.
(Table 3) We performed multiple logistic regression analysis in only the participants who did
not take hypnotics and this analysis also demonstrated independent associations between sleep
parameters and knee pain or low back pain. (Tables 4 and 5)

Relation between the groups categorized by NRS/RDQ tertiles and
sleep parameters
The T3-NRS group had highest odds ratio for short sleep duration and poor sleep quality. On
the other hand, whereas the T3-RDQ group had the highest odds ratio for poor sleep quality, it
was not associated with short sleep duration. (Fig 1) Although simple trend analysis showed
that the overall frequency of low back pain was linearly increased with decreasing sleep dura-
tion (Table 2), the frequency of T3-RDQ was also high in the subgroup having a longer sleep
duration (Table 2). Multinomial logistic regression analysis for short (<6 h/d), normal (6 h to
<8h/d), and long (�8 h/d) sleep duration demonstrated that T3-RDQ was slightly positively

Table 2. Clinical characteristics of participants according to sleep duration.

less than 5
h

5 to less than
6

6 to less than
7

7 to less than
8

8 or more
h

p p

(n = 590) (n = 2,234) (n = 3,710) (n = 2,325) (n = 752) ANOVA or Chi-
square

trend

Male, % 30.2 28.6 31.1 37.2 43.1 <0.01 <0.01

Age, y 54±13 54±13 53±13 54±14 53±15 0.60 0.33

Body mass index, kg/m2 22.8±3.6 22.4±3.3 22.3±3.2 22.1±3.2 22.3±3.5 <0.01 <0.01

Current smoker, % 14.1 13.5 13.8 15.8 19 <0.01 <0.01

Frequent alcohol drinker, % 17.5 21.6 21.3 25.1 31.5 <0.01 <0.01

Irregular sleep schedule, % 25.9 14.7 8.4 6.8 9.4 <0.01 <0.01

Medication, %

Hypnotic drugs 9.5 7.0 4.1 4.6 5.6 <0.01 <0.01

Analgesic drugs 4.2 3.9 3.4 2.7 2.4 0.07 <0.01

GERD, % 30.2 25.3 22.6 20.1 20.5 <0.01 <0.01

No. unfavorable dietary behaviors 1.0±1.0 0.9±0.9 0.8±0.9 0.8±0.8 0.8±0.9 <0.01 <0.01

Knee pain, % 35.6 33.3 28.3 25.8 25.4 <0.01 <0.01

Group categorized by the tertile of NRS
score, %

T1-NRS 15.6 12.9 12.6 11.3 10.2

T2-NRS 9.0 11.9 9.3 8.7 8.1

T3-NRS 11.0 8.5 6.3 5.9 7.1

Low back pain, % 49.0 45.3 41.4 38.2 41.9 <0.01 <0.01

Group categorized by the tertile of RDQ
score, %

T1-RDQ 12.0 12.6 12.6 11.6 10.5

T2-RDQ 16.4 15.7 13.5 13.6 14.5

T3-RDQ 20.5 17.1 15.3 13.0 16.9

Poor sleep quality, % 40.3 24.2 15.1 11.0 12.5 <0.01 <0.01

Values are expressed as mean ± standard deviation or percentage.

GERD: gastroesophageal reflux disease, NRS: numerical response scale, RDQ: Roland-Morris Disability Questionnaire.

doi:10.1371/journal.pone.0140058.t002
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associated with long sleep duration (OR = 1.24, 95% confidence interval (CI) = 0.98–1.57,
p = 0.08), while T2-RDQ was associated with short sleep duration (OR = 1.18, 95% CI = 1.03–
1.36, p = 0.02)

We calculated a modified RDQ score and subdivided the participants by tertiles of the mod-
ified score. However, only a small number of participants (n = 13) were reclassified into differ-
ent severity group. The multiple logistic regression analysis with this modified RDQ score did
not show any substantial changes in the odds ratios of each group for short sleep duration and
poor sleep quality, compared to the analysis using the original RDQ score.

Combined association of knee/low back pain with sleep disturbance
Fig 2 depicts the results of multiple logistic regression analysis examining the combined associ-
ation of knee and low back pain with short sleep duration and poor sleep quality. In either case,
coincident knee and low back pain raised the odds ratios, though the relationship with poor
sleep quality was stronger than that with short sleep duration.

Discussion
The present study with a large sample from the general population demonstrated not only high
concomitant frequency of knee and low back pain but also that knee and low back pain were

Table 3. Clinical characteristics of participants with or without poor sleep quality.

Participants without poor sleep quality Participants with poor sleep quality

(n = 7,922) (n = 1,689) p

Male, % 33.0 32.1 0.46

Age, years 53±13 56±13 <0.01

Body mass index, kg/m2 22.3±3.3 22.4±3.3 0.15

Current smoker, % 14.8 13.7 0.26

Frequent alcohol drink, % 23.0 22.3 0.56

Irregular sleep schedule, % 9.3 17.0 <0.01

Medication, %

Hypnotic drugs 2.0 21.1 <0.01

Analgesic drugs 2.9 5.2 <0.01

Gastroesophageal reflux disease, % 20.3 35.2 <0.01

No. of unfavorable dietary behaviors 0.8±0.9 0.9±0.9 <0.01

Knee pain, % 26.9 39.2 <0.01

Group categorized by the tertile of NRS score, %

T1-NRS 12.0 14.0

T2-NRS 8.9 13.1

T3-NRS 6.0 12.1

Low back pain, % 39.2 55.5 <0.01

Group categorized by the tertile of RDQ score, %

T1-RDQ 12.3 11.6

T2-RDQ 13.6 17.4

T3-RDQ 13.3 26.5

Values are expressed as mean ± standard deviation or percentage.

Differences in numeric variables between 2 groups were assessed by the Student’s t-test, while frequency differences were assessed by a chi-square

analysis.

NRS: numerical response scale, RDQ: Roland-Morris Disability Questionnaire.

doi:10.1371/journal.pone.0140058.t003
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significantly correlated with short sleep duration and poor sleep quality independently of other
confounding factors. Further, concomitant knee pain and low back pain provided an additive
risk for these types of sleep disturbance.

There was a high frequency of concomitance of knee and low back pain in the present
study as in a previous study [27]. Because we did not specify the reasons for the knee or low
back pain, we could not demonstrate the pathophysiologic mechanisms between these two

Table 4. Multiple logistic regression analysis to determine the factors identifying participants with short sleep duration.

Model 1 (n = 9,611) Model 2 (n = 8,589) Model 3 (n = 9,098)

odds ratio 95% CI P odds ratio 95% CI p odds ratio 95% CI p

Male 0.71 0.63–0.80 <0.01 0.69 0.61–0.79 <0.01 0.70 0.62–0.80 <0.01

Age (y) 1.00 0.99–1.00 0.15 1.00 0.99–1.01 0.39 1.00 0.99–1.01 0.12

Body mass index (kg/m2) 1.02 1.00–1.03 0.01 1.02 1.00–1.03 0.04 1.02 1.01–1.04 <0.01

Current smoker 0.91 0.79–1.05 0.20 0.89 0.76–1.04 0.15 0.91 0.79–1.05 0.21

Frequent alcohol drinker 0.95 0.84–1.08 0.44 1.00 0.88–1.14 0.99 0.94 0.83–1.07 0.33

Irregular sleep schedule 2.24 1.95–2.56 <0.01 - - - 2.28 1.98–2.63 <0.01

Hypnotic drugs 1.60 1.32–1.93 <0.01 1.70 1.39–2.08 <0.01 - - -

Analgesics 1.11 0.87–1.41 0.41 1.06 0.81–1.37 0.66 1.15 0.88–1.49 0.30

Gastroesophageal reflux disease 1.16 1.04–1.29 <0.01 1.16 1.03–1.30 0.01 1.18 1.06–1.32 <0.01

No. unfavorable dietary behaviors 1.19 1.12–1.25 <0.01 1.19 1.13–1.26 <0.01 1.20 1.13–1.26 <0.01

Knee pain 1.19 1.07–1.32 <0.01 1.18 1.05–1.32 <0.01 1.17 1.05–1.30 <0.01

Low back pain 1.13 1.02–1.24 0.01 1.12 1.02–1.24 0.02 1.11 1.00–1.22 0.04

Model 1: Analysis including all subjects.

Model 2: Analysis including only participants without irregular sleep schedule.

Model 3: Analysis including only participants who did not take hypnotics drugs.

doi:10.1371/journal.pone.0140058.t004

Table 5. Multiple logistic regression analysis to determine the factors identifying participants with poor sleep quality.

Model 1 (n = 9,611) Model 2 (n = 8,589) Model 3 (n = 9,098)

odds ratio 95% CI P odds ratio 95% CI p odds ratio 95% CI p

Male 0.96 0.83–1.11 0.56 0.99 0.84–1.16 0.88 0.96 0.82–1.11 0.56

Age (y) 1.01 1.01–1.02 <0.01 1.01 1.01–1.02 <0.01 1.01 1.01–1.01 <0.01

Body mass index (kg/m2) 0.98 0.96–0.99 0.04 0.97 0.95–0.99 <0.01 0.98 0.96–0.99 0.03

Current smoker 0.88 0.74–1.05 0.18 0.81 0.66–0.99 0.04 0.93 0.78–1.11 0.42

Frequent alcohol drinker 0.93 0.80–1.08 0.34 0.95 0.80–1.12 0.54 0.98 0.83–1.14 0.78

Irregular sleep schedule 1.92 1.63–2.27 <0.01 - - - 1.98 1.67–2.34 <0.01

Hypnotic drugs 11.30 9.22–13.92 <0.01 12.00 9.68–15.01 <0.01 - - -

Analgesics 1.24 0.93–1.64 0.14 1.25 0.91–1.69 0.17 1.28 0.94–1.74 0.11

Gastroesophageal reflux disease 1.86 1.64–2.11 <0.01 1.84 1.61–2.12 <0.01 1.86 1.63–2.11 <0.01

No. unfavorable dietary behaviors 1.15 1.08–1.23 <0.01 1.19 1.11–1.28 <0.01 1.16 1.09–1.24 <0.01

Knee pain 1.22 1.08–1.39 <0.01 1.27 1.10–1.46 <0.01 1.22 1.07–1.40 <0.01

Low back pain 1.57 1.39–1.76 <0.01 1.60 1.40–1.82 <0.01 1.58 1.39–1.78 <0.01

Model 1: Analysis including all subjects.

Model 2: Analysis including only participants without irregular sleep schedule.

Model 3: Analysis including only participants who did not take hypnotics drugs.

doi:10.1371/journal.pone.0140058.t005
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orthopedic symptoms. Whereas the majority of patients with low back pain cannot be given a
definitive diagnosis [35], some studies proposed the idea that low back pain was biomechani-
cally linked to knee pain [36,37]. Further, another study suggested that these musculoskeletal
pains reflected psychological conditions [38]. The mechanism of an association between these
two musculoskeletal pains still remains elucidated.

A few studies have already investigated the relation between sleep disturbance and
pain from several joints in large general population samples. Ohayon et al and Blay et al dem-
onstrated that pain from several body parts was one of the correlates of sleep disturbance in
18,000 and 7,000 subjects, respectively [39,40]. However, they did not evaluate the combined
effect of pain from a number of body parts on sleep. Concomitant knee and low back pain is
common as already discussed, and the evaluation of their combined effects on sleep distur-
bance is clinically important. In fact, the present study demonstrated that both pains presented
an additive risk for short sleep duration and poor sleep quality. These results suggested that
taking into account not only the presence of knee or low back pain but also their concomitance
is important in determining causes of an individual’s sleep complaints.

The present study also revealed that groups with higher tretile of NRS or RDQ score were
associated with a greater risk of poor sleep quality. This indicates that evaluating not only the
presence of joint pain but also the severity of pain and its related disability can help to deter-
mine the risk of sleep disturbance in each individual. On the other hand, the group with highest
tertile of RDQ score was not associated with short sleep duration. Further, multinomial logistic
regression analysis for (1) short (< 6h/d), (2) normal (6 h to<8h/d) and (3) long (8� h/d)
sleep duration revealed a non-significant tendency for long sleep duration to predict member-
ship of the T3-RDQ group (p = 0.08). The association between short sleep duration and
T2-RDQ group membership remained statistically significant (p = 0.02). Even though the risk
for short sleep duration was higher in those with than without low back pain in the analysis of
the whole cohort (Table 4), the strength of the association between short sleep duration and
low back pain may vary depending on the severity of the disability originating from low back

Fig 1. Odds ratios for short sleep duration and poor sleep quality in the subgroups categorized by
tertiles of the NRS or RDQ score.Odds ratios and p values were calculated by multiple logistic regression
analysis with the “no knee pain” or “no low back pain” subgroup as the reference. Adjusted factors in the
regression model were as follows: age, body mass index, smoking status, frequent alcohol drinking, irregular
sleep schedule, taking hypnotic or analgesic drugs, gastroesphageal reflux disease, the number of
unfavorable dietary behaviors, and the categorization by the severity of other orthopedic symptom. Black
squares and bars represent adjusted odds ratios and 95% confidence intervals, respectively. NRS: numerical
response scale, RDQ: Roland-Morris Disability Questionnaire.

doi:10.1371/journal.pone.0140058.g001
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pain or the severity of low back pain itself. In fact, while there has been a report of a high preva-
lence of sleep deprivation in patients with low back pain [41], other reports have suggested that
long bed rest aggravated low back pain [42,43]. The relation between the severity of low back
pain and sleep duration appears to be complicated and requires further investigations.

We evaluated sleep duration and sleep quality with a questionnaire. The analysis of the
whole cohort showed a strong association between an irregular sleep schedule and short sleep
duration. There might be a misperception of sleep duration in the group with an irregular sleep
schedule as another study suggested [44]. However, in the analysis of the cohort without an
irregular sleep schedule, knee and low back pain remained significant determinants of short
sleep duration and poor sleep quality. On the other hand, the analysis also showed a strong
association between taking hypnotics and poor sleep quality. Because a previous study reported
that those with mental disorders or psychological distress were likely to be users of hypnotics
[45], the participants taking hypnotics in the present cohort possibly had such clinical features.

Fig 2. Odds ratios of coincident knee pain and low back pain for short sleep duration and poor sleep
quality.Odds ratios and p values were calculated by multiple logistic regression analysis with the subgroup
having neither knee nor low back pain as the reference. Adjusted factors in the regression model were as
follows: age, body mass index, smoking status, frequent alcohol drinking, irregular sleep schedule, taking
hypnotic or analgesic drugs, gastroesphageal reflux disease, and the number of unfavorable dietary
behaviors. Black squares and bars represent adjusted odds ratios and 95% confidence intervals,
respectively. Neither, neither knee nor low back pain; either, either knee or low back pain; both, both knee
pain and low back pain.

doi:10.1371/journal.pone.0140058.g002
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However, in the analysis that excluded participants who regularly took hypnotics, both knee
and low back pain also remained significant correlates of sleep parameters. These findings
enhanced the possibility that knee and low back pain were independent correlates of these
sleep parameters from these confounding conditions.

Although the present study demonstrated that knee and low back pain were significant cor-
relates of short sleep duration and poor sleep quality, the frequencies of specific sleep disorders
such as sleep apnea and restless leg syndrome were not evaluated. Individuals with knee or low
back pain may have a clinical background similar to those with sleep disorders. For example,
obesity is the major correlate of both sleep apnea and musculoskeletal pains [46–49]. Lumbar
radiculopathy is associated with knee and low back pain and also causes restless leg syndrome
[50,51]. Therefore, knee and low back pain can be associated with these specific sleep disorders
and clarifying these relationships would lead us to understand the more precise correlation
between sleep disorders and musculoskeletal pains.

Our study has some limitations. First, because this study was based on a cross-sectional
observation, we could not demonstrate a causal relationship between sleep disturbance and
these musculoskeletal symptoms. Whereas pain prevents the initiation or the continuation of
sleep [52,53], some studies suggested that sleep modulated the intensity of pain [54,55]. There-
fore, a bi-directional relationship may be present between sleep disturbances and pain percep-
tion. The pathophysiological mechanisms between them should be clarified in future studies.
Second, we used simple questions to assess sleep parameters. Sleep quality may be affected by
multiple factors such as initiation and maintenance of sleep. Further, confounding factors
which we could not evaluate may be present. For example, psychological distress and several
social factors such as occupations and family composition of a family may affect sleep [56–59]
but we did not evaluate these factors. Further studies using a well-validated questionnaire such
as the Pittsburgh Sleep Quality Index [60] and questions examining psychological condition
and social factors might better reveal the overall sleep-related problems and its determinants.
Third, RDQ was established to assess the disability originating from low back pain, not the
pain itself. Although a previous study showed that the RDQ score correlated well with the
visual analogue scale score for low back pain [61], further studies investigating the relation
between sleep and severity of low back pain itself are warranted. Lastly, we did not evaluate the
character of the pain such as quality and duration. A recent study revealed a dose-response
relation between the number of days with low back pain and risk of sleep disturbance [62].
Additional information on this issue will lead us to a more precise understanding of the corre-
lation between sleep disturbance and pain.

Conclusion
In summary, both knee pain and low back pain were associated with short sleep duration and
poor sleep quality in the general population. Their concomitance and severity also contributed
to sleep disturbance. The present study suggested the need for future studies clarifying the
pathophysiological mechanisms between these musculoskeletal pains and sleep disturbance.

Acknowledgments
We thank Dr. Yoshihiko Kotoura, for his help regarding clinical measurements, Nagahama
City Office, and the Zeroji Club, a non-profit organization, for their assistance in conducting
this study.

This study was supported by a University Grant from the Ministry of Education, Culture,
Sports, Science & Technology in Japan, and a research grant from the Takeda Science
Foundation.

Knee and Low Back Pain Additively Disturb Sleep

PLOS ONE | DOI:10.1371/journal.pone.0140058 October 7, 2015 12 / 16



Kazuo Chin declares that the Department of Respiratory Care and Sleep Control Medicine
is funded by endowments from Philips-Respironics, Teijin Pharma, Fukuda Denshi and
Fukuda Life-tech Kansai to Kyoto University. Hiroshi Kadotani reports that his laboratory is
supported by donation from Philips Respironics to Shiga university of Medical Science and
that he is a member of the Advisory Board for MSD and Sleepwell; doing collaboration work
with Teijin and NPO 0-degree club. The other authors did not declare any conflict of interest.

Author Contributions
Conceived and designed the experiments: HI MK Y. Takahashi S. Muro HK SK AS RY TN
MM S. Matsuda FM. Performed the experiments: HI MK Y. Takahashi S. Muro HK SK AS RY
TNMM FM. Analyzed the data: KM Y. Tabara KS TK KC. Contributed reagents/materials/
analysis tools: KM Y. Tabara KS TK RY S. Matsuda KC. Wrote the paper: KM Y. Tabara RY S.
Matsuda KC.

References
1. MoraesW, Poyares D, Zalcman I, de Mello MT, Bittencourt LR, Santos-Silva R, et al. Association

between body mass index and sleep duration assessed by objective methods in a representative sam-
ple of the adult population. Sleep Med. 2013; 14: 312–318. doi: 10.1016/j.sleep.2012.11.010 PMID:
23391395

2. Taheri S, Lin L, Austin D, Young T, Mignot E. Short sleep duration is associated with reduced leptin, ele-
vated ghrelin, and increased body mass index. PLoS Med. 2004; 1: e62. doi: 10.1371/journal.pmed.
0010062 PMID: 15602591

3. Hall MH, MuldoonMF, Jennings JR, Buysse DJ, Flory JD, Manuck SB. Self-reported sleep duration is
associated with the metabolic syndrome in midlife adults. Sleep. 2008; 31: 635–643. PMID: 18517034

4. Kronholm E, Laatikainen T, Peltonen M, Sippola R, Partonen T. Self-reported sleep duration, all-cause
mortality, cardiovascular mortality and morbidity in Finland. Sleep Med. 2011; 12: 215–221. doi: 10.
1016/j.sleep.2010.07.021 PMID: 21317033

5. Hung HC, Yang YC, Ou HY, Wu JS, Lu FH, Chang CJ. The association between self-reported sleep
quality and metabolic syndrome. PLoS One. 2013; 8: e54304. doi: 10.1371/journal.pone.0054304
PMID: 23342127

6. Bruno RM, Palagini L, Gemignani A, Virdis A, Di Giulio A, Ghiadoni L, et al. Poor sleep quality and resis-
tant hypertension. Sleep Med. 2013; 14: 1157–1163. doi: 10.1016/j.sleep.2013.04.020 PMID:
23993872

7. Okubo N, Matsuzaka M, Takahashi I, Sawada K, Sato S, Akimoto N, et al. Relationship between self-
reported sleep quality and metabolic syndrome in general population. BMC Public Health. 2014; 14:
562-2458-14-562. doi: 10.1186/1471-2458-14-562 PMID: 24903537

8. Lou P, Chen P, Zhang L, Zhang P, Chang G, Zhang N, et al. Interaction of sleep quality and sleep dura-
tion on impaired fasting glucose: a population-based cross-sectional survey in China. BMJ Open. 2014;
4: e004436-2013-004436. doi: 10.1136/bmjopen-2013-004436 PMID: 24625639

9. Fernandez-Mendoza J, Vgontzas AN, Liao D, Shaffer ML, Vela-Bueno A, Basta M, et al. Insomnia with
objective short sleep duration and incident hypertension: the Penn State Cohort. Hypertension. 2012;
60: 929–935. doi: 10.1161/HYPERTENSIONAHA.112.193268 PMID: 22892811

10. Nakazaki C, Noda A, Koike Y, Yamada S, Murohara T, Ozaki N. Association of insomnia and short
sleep duration with atherosclerosis risk in the elderly. Am J Hypertens. 2012; 25: 1149–1155. doi: 10.
1038/ajh.2012.107 PMID: 22854638

11. Chiang JK. Short duration of sleep is associated with elevated high-sensitivity C-reactive protein level
in Taiwanese adults: a cross-sectional study. J Clin Sleep Med. 2014; 10: 743–749. doi: 10.5664/jcsm.
3862 PMID: 25024651

12. Spiegel K, Leproult R, L'hermite-Baleriaux M, Copinschi G, Penev PD, Van Cauter E. Leptin levels are
dependent on sleep duration: relationships with sympathovagal balance, carbohydrate regulation, corti-
sol, and thyrotropin. J Clin Endocrinol Metab. 2004; 89: 5762–5771. doi: 89/11/5762 [pii]. PMID:
15531540

13. Nedeltcheva AV, Kessler L, Imperial J, Penev PD. Exposure to recurrent sleep restriction in the setting
of high caloric intake and physical inactivity results in increased insulin resistance and reduced glucose
tolerance. J Clin Endocrinol Metab. 2009; 94: 3242–3250. doi: 10.1210/jc.2009-0483 PMID: 19567526

Knee and Low Back Pain Additively Disturb Sleep

PLOS ONE | DOI:10.1371/journal.pone.0140058 October 7, 2015 13 / 16

http://dx.doi.org/10.1016/j.sleep.2012.11.010
http://www.ncbi.nlm.nih.gov/pubmed/23391395
http://dx.doi.org/10.1371/journal.pmed.0010062
http://dx.doi.org/10.1371/journal.pmed.0010062
http://www.ncbi.nlm.nih.gov/pubmed/15602591
http://www.ncbi.nlm.nih.gov/pubmed/18517034
http://dx.doi.org/10.1016/j.sleep.2010.07.021
http://dx.doi.org/10.1016/j.sleep.2010.07.021
http://www.ncbi.nlm.nih.gov/pubmed/21317033
http://dx.doi.org/10.1371/journal.pone.0054304
http://www.ncbi.nlm.nih.gov/pubmed/23342127
http://dx.doi.org/10.1016/j.sleep.2013.04.020
http://www.ncbi.nlm.nih.gov/pubmed/23993872
http://dx.doi.org/10.1186/1471-2458-14-562
http://www.ncbi.nlm.nih.gov/pubmed/24903537
http://dx.doi.org/10.1136/bmjopen-2013-004436
http://www.ncbi.nlm.nih.gov/pubmed/24625639
http://dx.doi.org/10.1161/HYPERTENSIONAHA.112.193268
http://www.ncbi.nlm.nih.gov/pubmed/22892811
http://dx.doi.org/10.1038/ajh.2012.107
http://dx.doi.org/10.1038/ajh.2012.107
http://www.ncbi.nlm.nih.gov/pubmed/22854638
http://dx.doi.org/10.5664/jcsm.3862
http://dx.doi.org/10.5664/jcsm.3862
http://www.ncbi.nlm.nih.gov/pubmed/25024651
http://www.ncbi.nlm.nih.gov/pubmed/15531540
http://dx.doi.org/10.1210/jc.2009-0483
http://www.ncbi.nlm.nih.gov/pubmed/19567526


14. Murase K, Tabara Y, Takahashi Y, Muro S, Yamada R, Setoh K, et al. Gastroesophageal Reflux Dis-
ease Symptoms and Dietary Behaviors are Significant Correlates of Short Sleep Duration in the Gen-
eral Population: The Nagahama Study. Sleep. 2014; 37: 1809–1815. doi: 10.5665/sleep.4176 PMID:
25364076

15. Basner M, Fomberstein KM, Razavi FM, Banks S, William JH, Rosa RR, et al. American time use sur-
vey: sleep time and its relationship to waking activities. Sleep. 2007; 30: 1085–1095. PMID: 17910380

16. Hale L, Do DP. Racial differences in self-reports of sleep duration in a population-based study. Sleep.
2007; 30: 1096–1103. PMID: 17910381

17. Patel SR. Social and demographic factors related to sleep duration. Sleep. 2007; 30: 1077–1078.
PMID: 17910376

18. Kelly GA, Blake C, Power CK, O'keeffe D, Fullen BM. The association between chronic low back pain
and sleep: a systematic review. Clin J Pain. 2011; 27: 169–181. doi: 10.1097/AJP.0b013e3181f3bdd5
PMID: 20842008

19. Allen KD, Renner JB, Devellis B, Helmick CG, Jordan JM. Osteoarthritis and sleep: the Johnston
County Osteoarthritis Project. J Rheumatol. 2008; 35: 1102–1107. doi: 08/13/0525 [pii]. PMID:
18484690

20. Turkiewicz A, Gerhardsson de Verdier M, Engstrom G, Nilsson PM, Mellstrom C, Lohmander LS, et al.
Prevalence of knee pain and knee OA in southern Sweden and the proportion that seeks medical care.
Rheumatology (Oxford). 2014. doi: keu409 [pii].

21. Soni A, Kiran A, Hart DJ, Leyland KM, Goulston L, Cooper C, et al. Prevalence of reported knee pain
over twelve years in a community-based cohort. Arthritis Rheum. 2012; 64: 1145–1152. doi: 10.1002/
art.33434 PMID: 22180258

22. Hoy D, Bain C, Williams G, March L, Brooks P, Blyth F, et al. A systematic review of the global preva-
lence of low back pain. Arthritis Rheum. 2012; 64: 2028–2037. doi: 10.1002/art.34347 PMID: 22231424

23. Papageorgiou AC, Croft PR, Ferry S, Jayson MI, Silman AJ. Estimating the prevalence of low back
pain in the general population. Evidence from the South Manchester Back Pain Survey. Spine (Phila
Pa 1976). 1995; 20: 1889–1894.

24. Wilcox S, Brenes GA, Levine D, Sevick MA, Shumaker SA, Craven T. Factors related to sleep distur-
bance in older adults experiencing knee pain or knee pain with radiographic evidence of knee osteoar-
thritis. J AmGeriatr Soc. 2000; 48: 1241–1251. PMID: 11037011

25. Sasaki E, Tsuda E, Yamamoto Y, Maeda S, Inoue R, Chiba D, et al. Nocturnal knee pain increases with
the severity of knee osteoarthritis, disturbing patient sleep quality. Arthritis Care Res (Hoboken). 2014;
66: 1027–1032. doi: 10.1002/acr.22258

26. Bahouq H, Allali F, Rkain H, Hmamouchi I, Hajjaj-Hassouni N. Prevalence and severity of insomnia in
chronic low back pain patients. Rheumatol Int. 2013; 33: 1277–1281. doi: 10.1007/s00296-012-2550-x
PMID: 23124732

27. Suri P, Morgenroth DC, Kwoh CK, Bean JF, Kalichman L, Hunter DJ. Low back pain and other muscu-
loskeletal pain comorbidities in individuals with symptomatic osteoarthritis of the knee: data from the
osteoarthritis initiative. Arthritis Care Res (Hoboken). 2010; 62: 1715–1723. doi: 10.1002/acr.20324

28. Wolfe F. Determinants of WOMAC function, pain and stiffness scores: evidence for the role of low back
pain, symptom counts, fatigue and depression in osteoarthritis, rheumatoid arthritis and fibromyalgia.
Rheumatology (Oxford). 1999; 38: 355–361.

29. Alsaadi SM, McAuley JH, Hush JM, Lo S, Bartlett DJ, Grunstein RR, et al. The bidirectional relationship
between pain intensity and sleep disturbance/quality in patients with low back pain. Clin J Pain. 2014;
30: 755–765. doi: 10.1097/AJP.0000000000000055 PMID: 24451630

30. Alsaadi SM, McAuley JH, Hush JM, Lo S, Lin CW,Williams CM, et al. Poor sleep quality is strongly
associated with subsequent pain intensity in patients with acute low back pain. Arthritis Rheumatol.
2014; 66: 1388–1394. doi: 10.1002/art.38329 PMID: 24782195

31. Hutchings A, Calloway M, Choy E, Hooper M, Hunter DJ, Jordan JM, et al. The Longitudinal Examina-
tion of Arthritis Pain (LEAP) study: relationships between weekly fluctuations in patient-rated joint pain
and other health outcomes. J Rheumatol. 2007; 34: 2291–2300. doi: 07/13/1023 [pii]. PMID: 17937461

32. Williamson A, Hoggart B. Pain: a review of three commonly used pain rating scales. J Clin Nurs. 2005;
14: 798–804. doi: JCN1121 [pii]. PMID: 16000093

33. Suzukamo Y, Fukuhara S, Kikuchi S, Konno S, Roland M, Iwamoto Y, et al. Validation of the Japanese
version of the Roland-Morris Disability Questionnaire. J Orthop Sci. 2003; 8: 543–548. doi: 10.1007/
s00776-003-0679-x PMID: 12898308

34. Arora T, Jiang CQ, Thomas GN, Lam KB, ZhangWS, Cheng KK, et al. Self-reported long total sleep
duration is associated with metabolic syndrome: the Guangzhou Biobank Cohort Study. Diabetes
Care. 2011; 34: 2317–2319. doi: 10.2337/dc11-0647 PMID: 21873559

Knee and Low Back Pain Additively Disturb Sleep

PLOS ONE | DOI:10.1371/journal.pone.0140058 October 7, 2015 14 / 16

http://dx.doi.org/10.5665/sleep.4176
http://www.ncbi.nlm.nih.gov/pubmed/25364076
http://www.ncbi.nlm.nih.gov/pubmed/17910380
http://www.ncbi.nlm.nih.gov/pubmed/17910381
http://www.ncbi.nlm.nih.gov/pubmed/17910376
http://dx.doi.org/10.1097/AJP.0b013e3181f3bdd5
http://www.ncbi.nlm.nih.gov/pubmed/20842008
http://www.ncbi.nlm.nih.gov/pubmed/18484690
http://dx.doi.org/10.1002/art.33434
http://dx.doi.org/10.1002/art.33434
http://www.ncbi.nlm.nih.gov/pubmed/22180258
http://dx.doi.org/10.1002/art.34347
http://www.ncbi.nlm.nih.gov/pubmed/22231424
http://www.ncbi.nlm.nih.gov/pubmed/11037011
http://dx.doi.org/10.1002/acr.22258
http://dx.doi.org/10.1007/s00296-012-2550-x
http://www.ncbi.nlm.nih.gov/pubmed/23124732
http://dx.doi.org/10.1002/acr.20324
http://dx.doi.org/10.1097/AJP.0000000000000055
http://www.ncbi.nlm.nih.gov/pubmed/24451630
http://dx.doi.org/10.1002/art.38329
http://www.ncbi.nlm.nih.gov/pubmed/24782195
http://www.ncbi.nlm.nih.gov/pubmed/17937461
http://www.ncbi.nlm.nih.gov/pubmed/16000093
http://dx.doi.org/10.1007/s00776-003-0679-x
http://dx.doi.org/10.1007/s00776-003-0679-x
http://www.ncbi.nlm.nih.gov/pubmed/12898308
http://dx.doi.org/10.2337/dc11-0647
http://www.ncbi.nlm.nih.gov/pubmed/21873559


35. Deyo RA, Weinstein JN. Low back pain. N Engl J Med. 2001; 344: 363–370. doi: 10.1056/
NEJM200102013440508 PMID: 11172169

36. Murata Y, Takahashi K, Yamagata M, Hanaoka E, Moriya H. The knee-spine syndrome. Association
between lumbar lordosis and extension of the knee. J Bone Joint Surg Br. 2003; 85: 95–99. PMID:
12585585

37. Tsuji T, Matsuyama Y, Goto M, Yimin Y, Sato K, Hasegawa Y, et al. Knee-spine syndrome: correlation
between sacral inclination and patellofemoral joint pain. J Orthop Sci. 2002; 7: 519–523. doi: 10.1007/
s007760200092 PMID: 12355123

38. Wolfe F. Determinants of WOMAC function, pain and stiffness scores: evidence for the role of low back
pain, symptom counts, fatigue and depression in osteoarthritis, rheumatoid arthritis and fibromyalgia.
Rheumatology (Oxford). 1999; 38: 355–361.

39. Ohayon MM. Relationship between chronic painful physical condition and insomnia. J Psychiatr Res.
2005; 39: 151–159. doi: S0022-3956(04)00083-4 [pii]. PMID: 15589563

40. Blay SL, Andreoli SB, Gastal FL. Chronic painful physical conditions, disturbed sleep and psychiatric
morbidity: results from an elderly survey. Ann Clin Psychiatry. 2007; 19: 169–174. doi: 781508126 [pii].
PMID: 17729018

41. Artner J, Cakir B, Spiekermann JA, Kurz S, Leucht F, Reichel H, et al. Prevalence of sleep deprivation
in patients with chronic neck and back pain: a retrospective evaluation of 1016 patients. J Pain Res.
2013; 6: 1–6. doi: 10.2147/JPR.S36386 PMID: 23300350

42. Rozenberg S, Allaert FA, Savarieau B, Perahia M, Valat JP, Groupe Rachis de la Societe francaise de
rhumatologie. Compliance among general practitioners in France with recommendations not to pre-
scribe bed rest for acute low back pain. Joint Bone Spine. 2004; 71: 56–59. doi: 10.1016/S1297-319X
(03)00066-6 PMID: 14769522

43. Koes BW, van Tulder M, Lin CW, Macedo LG, McAuley J, Maher C. An updated overview of clinical
guidelines for the management of non-specific low back pain in primary care. Eur Spine J. 2010; 19:
2075–2094. doi: 10.1007/s00586-010-1502-y PMID: 20602122

44. Bianchi MT, WangW, Klerman EB. Sleep misperception in healthy adults: implications for insomnia
diagnosis. J Clin Sleep Med. 2012; 8: 547–554. doi: 10.5664/jcsm.2154 PMID: 23066367

45. Fang SY, Chen CY, Chang IS, Wu EC, Chang CM, Lin KM. Predictors of the incidence and discontinua-
tion of long-term use of benzodiazepines: a population-based study. Drug Alcohol Depend. 2009; 104:
140–146. doi: 10.1016/j.drugalcdep.2009.04.017 PMID: 19515515

46. Young T, Skatrud J, Peppard PE. Risk factors for obstructive sleep apnea in adults. JAMA. 2004; 291:
2013–2016. doi: 10.1001/jama.291.16.2013 PMID: 15113821

47. Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM. Increased prevalence of sleep-disor-
dered breathing in adults. Am J Epidemiol. 2013; 177: 1006–1014. doi: 10.1093/aje/kws342 PMID:
23589584

48. Zhou ZY, Liu YK, Chen HL, Liu F. Body mass index and knee osteoarthritis risk: a dose-response
meta-analysis. Obesity (Silver Spring). 2014; 22: 2180–2185. doi: 10.1002/oby.20835

49. Shiri R, Karppinen J, Leino-Arjas P, Solovieva S, Viikari-Juntura E. The association between obesity
and low back pain: a meta-analysis. Am J Epidemiol. 2010; 171: 135–154. doi: 10.1093/aje/kwp356
PMID: 20007994

50. van der Windt DA, Simons E, Riphagen II, Ammendolia C, Verhagen AP, Laslett M, et al. Physical
examination for lumbar radiculopathy due to disc herniation in patients with low-back pain. Cochrane
Database Syst Rev. 2010;(2: ):CD007431. doi: CD007431. doi: 10.1002/14651858.CD007431.pub2
PMID: 20166095

51. Kocabicak E, Terzi M, Akpinar K, Paksoy K, Cebeci I, Iyigun O. Restless leg syndrome and sleep qual-
ity in lumbar radiculopathy patients. Behav Neurol. 2014; 2014: 245358. doi: 10.1155/2014/245358
PMID: 25110396

52. Drewes AM, Nielsen KD, Arendt-Nielsen L, Birket-Smith L, Hansen LM. The effect of cutaneous and
deep pain on the electroencephalogram during sleep–-an experimental study. Sleep. 1997; 20: 632–
640. PMID: 9351131

53. Drewes AM, Nielsen KD, Hansen B, Taagholt SJ, Bjerregard K, Svendsen L. A longitudinal study of
clinical symptoms and sleep parameters in rheumatoid arthritis. Rheumatology (Oxford). 2000; 39:
1287–1289.

54. Roehrs T, Hyde M, Blaisdell B, Greenwald M, Roth T. Sleep loss and REM sleep loss are hyperalgesic.
Sleep. 2006; 29: 145–151. PMID: 16494081

55. Lautenbacher S, Kundermann B, Krieg JC. Sleep deprivation and pain perception. Sleep Med Rev.
2006; 10: 357–369. doi: S1087-0792(05)00075-4 [pii]. PMID: 16386930

Knee and Low Back Pain Additively Disturb Sleep

PLOS ONE | DOI:10.1371/journal.pone.0140058 October 7, 2015 15 / 16

http://dx.doi.org/10.1056/NEJM200102013440508
http://dx.doi.org/10.1056/NEJM200102013440508
http://www.ncbi.nlm.nih.gov/pubmed/11172169
http://www.ncbi.nlm.nih.gov/pubmed/12585585
http://dx.doi.org/10.1007/s007760200092
http://dx.doi.org/10.1007/s007760200092
http://www.ncbi.nlm.nih.gov/pubmed/12355123
http://www.ncbi.nlm.nih.gov/pubmed/15589563
http://www.ncbi.nlm.nih.gov/pubmed/17729018
http://dx.doi.org/10.2147/JPR.S36386
http://www.ncbi.nlm.nih.gov/pubmed/23300350
http://dx.doi.org/10.1016/S1297-319X(03)00066-6
http://dx.doi.org/10.1016/S1297-319X(03)00066-6
http://www.ncbi.nlm.nih.gov/pubmed/14769522
http://dx.doi.org/10.1007/s00586-010-1502-y
http://www.ncbi.nlm.nih.gov/pubmed/20602122
http://dx.doi.org/10.5664/jcsm.2154
http://www.ncbi.nlm.nih.gov/pubmed/23066367
http://dx.doi.org/10.1016/j.drugalcdep.2009.04.017
http://www.ncbi.nlm.nih.gov/pubmed/19515515
http://dx.doi.org/10.1001/jama.291.16.2013
http://www.ncbi.nlm.nih.gov/pubmed/15113821
http://dx.doi.org/10.1093/aje/kws342
http://www.ncbi.nlm.nih.gov/pubmed/23589584
http://dx.doi.org/10.1002/oby.20835
http://dx.doi.org/10.1093/aje/kwp356
http://www.ncbi.nlm.nih.gov/pubmed/20007994
http://dx.doi.org/10.1002/14651858.CD007431.pub2
http://www.ncbi.nlm.nih.gov/pubmed/20166095
http://dx.doi.org/10.1155/2014/245358
http://www.ncbi.nlm.nih.gov/pubmed/25110396
http://www.ncbi.nlm.nih.gov/pubmed/9351131
http://www.ncbi.nlm.nih.gov/pubmed/16494081
http://www.ncbi.nlm.nih.gov/pubmed/16386930


56. Jansson-Frojmark M, Lindblom K. A bidirectional relationship between anxiety and depression, and
insomnia? A prospective study in the general population. J Psychosom Res. 2008; 64: 443–449. doi:
10.1016/j.jpsychores.2007.10.016 PMID: 18374745

57. Morphy H, Dunn KM, Lewis M, Boardman HF, Croft PR. Epidemiology of insomnia: a longitudinal study
in a UK population. Sleep. 2007; 30: 274–280. PMID: 17425223

58. Tu X, Cai H, Gao YT, Wu X, Ji BT, Yang G, et al. Sleep duration and its correlates in middle-aged and
elderly Chinese women: the Shanghai Women's Health Study. Sleep Med. 2012; 13: 1138–1145. doi:
10.1016/j.sleep.2012.06.014 PMID: 22938861

59. Virtanen M, Ferrie JE, Gimeno D, Vahtera J, Elovainio M, Singh-Manoux A, et al. Long working hours
and sleep disturbances: theWhitehall II prospective cohort study. Sleep. 2009; 32: 737–745. PMID:
19544749

60. Backhaus J, Junghanns K, Broocks A, Riemann D, Hohagen F. Test-retest reliability and validity of the
Pittsburgh Sleep Quality Index in primary insomnia. J PsychosomRes. 2002; 53: 737–740. doi:
S0022399902003306 [pii]. PMID: 12217446

61. Suzukamo Y, Fukuhara S, Kikuchi S, Konno S, Roland M, Iwamoto Y, et al. Validation of the Japanese
version of the Roland-Morris Disability Questionnaire. J Orthop Sci. 2003; 8: 543–548. doi: 10.1007/
s00776-003-0679-x PMID: 12898308

62. Axen I. Pain-related Sleep Disturbance—A Prospective Study with Repeated Measures. Clin J Pain.
2015.

Knee and Low Back Pain Additively Disturb Sleep

PLOS ONE | DOI:10.1371/journal.pone.0140058 October 7, 2015 16 / 16

http://dx.doi.org/10.1016/j.jpsychores.2007.10.016
http://www.ncbi.nlm.nih.gov/pubmed/18374745
http://www.ncbi.nlm.nih.gov/pubmed/17425223
http://dx.doi.org/10.1016/j.sleep.2012.06.014
http://www.ncbi.nlm.nih.gov/pubmed/22938861
http://www.ncbi.nlm.nih.gov/pubmed/19544749
http://www.ncbi.nlm.nih.gov/pubmed/12217446
http://dx.doi.org/10.1007/s00776-003-0679-x
http://dx.doi.org/10.1007/s00776-003-0679-x
http://www.ncbi.nlm.nih.gov/pubmed/12898308

