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Background: Chronic low back pain (CLBP) is a significant health challenge with a high prevalence
rate. Sleep disorders, which are prevalent among adults, have been linked with CLBP. However,
the intricate relationship between sleep and pain adds complexity to our understanding of CLBP.

Objectives: To investigate the association between CLBP and sleep disorders, with a focus on the
potential role of sleep disorders as a risk factor for CLBP.

Study Design: Cross-sectional study based on publicly available data from the National Health
and Nutrition Examination Survey (NHANES) for one cycle (2009-2010).

Setting: The NHANES employs a complex, multistage probability sampling design to select a
nationally representative sample.

Methods: In this study, we included patients aged 20 to 69 years from the NHANES 2009-
2010 cycle. After eliminating cases with missing data, a total of 863 patients remained. Baseline
characteristics were analyzed by stratifying patients based on their CLBP status to assess initial
inter-group disparities. Due to age imbalances between groups, we employed a 1:1 propensity
score matching (PSM) method, reducing the sample to 508 patients. The association between
CLBP and trouble sleeping was investigated following this calibration using a multivariate logistic
regression analysis.

Results: Upon categorizing the baseline characteristics of 863 patients based on CLBP, we
identified that those within the CLBP group tended to be older and had a greater prevalence
of health conditions, including cancer, hypertension, and cardiovascular disease (CVD). Notably,
the prevalence of sleep disorders was higher in the CLBP group than in the non-CLBP group (P
< 0.001). After implementing an age-based PSM for the 2 groups, 508 patients were selected
from the initial 863 patients. After adjusting for various confounders using multivariate logistic
regression, our analysis revealed a strong association between sleep disorders and an increased
risk of CLBP.

Limitations: This is a cross-sectional study, and therefore causality cannot be established.
Conclusions: This study underscores the significant association between sleep disorders and
an elevated risk of CLBP, highlighting the need for comprehensive management strategies that

consider the role of sleep disorders in CLBP.
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ow back pain presents a significant health
challenge, with lifetime prevalence rates
documented to exceed 80% (1). The sustained
burden on patients and public health systems implies
a deficiency in the existing management strategies

for low back pain, a situation that is particularly
pronounced in the case of chronic low back pain (CLBP)
(2,3). CLBP is listed among the top 5 causes of disability
globally, thereby imposing substantial demands on
health care infrastructures (4).
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Sleep disorders, which encompass conditions
such as insomnia, sleep apnea, and circadian rhythm
sleep-wake disturbances, are prevalent (5). According
to reports, nearly 40% of adults in the United States
(US) suffer from a sleep disorder (6), and a sizable por-
tion of them experience sleep deficits more than 50%
of the time each month (7). Typically, the incidence
of sleep disorders escalates with advancing age, and
this unhealthy pattern of sleeping elevates the risk of
a number of illnesses, such as diabetes, hypertension,
and cardiovascular disease (8-10). Moreover, a link has
been demonstrated between sleep disorders and CLBP.
According to research, those who have CLBP are more
likely to have sleep disturbances, and poor sleep quality
can make pain sensations severe (11-13). Although the
association between poor sleep and persistent lower
back pain is still up for debate, it seems to be bidi-
rectional. Luo et al (14) also substantiated a potential
bidirectional causal association between genetically
predicted insomnia and CLBP through a Mendelian
randomization study.

However, the fundamental mechanisms underlying
the association between CLBP and sleep problems are
still largely unknown, demanding additional study to
clarify this relationship and to guide efficient therapy
approaches. This study aims to investigate the associa-
tion between CLBP and sleep disorders using data from
the National Health and Nutrition Examination Survey
(NHANES), with a particular focus on the potential role
of sleep disorders as a risk factor for CLBP.

METHODS

Study Population and Design

NHANES is a cross-sectional investigation aimed at
assessing the health and nutritional status of non-insti-
tutionalized civilian adults and children in the United
States. Data collection for NHANES is accomplished
through home interviews and physical examinations
conducted at mobile examination centers, covering
topics such as demographics, socioeconomics, diet,
and health. For our study, we employed data from the
2009-2010 NHANES cycle, which included an arthritis
questionnaire for patients aged between 20 and 69
years. The Arthritis Questionnaire Section (ARQ) pro-
vides interview data relevant to Low Back Pain (LBP).
CLBP was assessed using the variable ARQ024D (i.e.,
Had low back pain for 3 consecutive months) in accor-
dance with the American College of Rheumatology’s
definition of chronic pain (15). After excluding patients

with incomplete data on weight coefficient, CLBP, sleep
disturbances, marital status, body mass index (BMlI), car-
diovascular disease (CVD), cancer, and drinking status,
our study ultimately comprised 863 individuals (Fig. 1).

Sleep Disturbance

To acquire information on individuals’ sleep status,
we adopted the “Sleep Disorders” questionnaire from
the NHANES household interview survey. The queries,
“Ever told a doctor you had trouble sleeping?” and
“Ever told by a doctor you have a sleep disorder?” were
asked of the patients. Patients were categorized as hav-
ing a sleep disorder if they answered ‘yes’ to either of
the 2 questions. Conversely, if they answered 'no’ to
both questions, they were categorized as not having a
sleep condition.

Covariates

The covariates in our analysis mostly classified
into 3 categories: 1) Demographics: age, gender, race
(Mexican American, Other Hispanic, Non-Hispanic
White, Non-Hispanic Black, Other race), family poverty-
to-income ratio (PIR) (< 1, 1-3, > 3), marital status (never
married, married/cohabiting, widowed/divorced/sepa-
rated), and educational attainment (below high school,
high school, above high school); 2) Medical conditions:
BMI (< 18.5 for underweight; > 18.5 and < 24.9 for
normal weight; > 25 and < 29.9 for overweight; > 30
for obesity), hypertension, diabetes, CVD, and cancer;
3) Lifestyle: energy intake, physical activity (Physical
activity over the past 30 days was classified into ter-
tiles, specific to each gender, based on the metabolic
equivalent (MET) distribution of the current NHANES
sample. Low, moderate, and high were the 3 categories
assigned to different levels of physical activity). Other
factors included smoking status (nonsmoker: smoked
100 cigarettes in a lifetime; former smoker: smoked >
100 cigarettes in a lifetime; current smoker: smoked
> 100 cigarettes in a lifetime and smoked at the time
of survey), drinking status (nondrinker, 1-5 drinks per
month; 5-10 drinks per month; and 10+ drinks per
month).

Propensity Score Matching

We conducted propensity score matching (PSM) us-
ing the Matchlt software package (version 4.5.4) (16) to
neutralize age discrepancies between the groups with
and without CLBP. The nearest matching algorithm was
employed with a 1:1 matching ratio, and the caliper
value was established at 0.05.
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All participants from NHANES 2009-2010 (n = 10,537)

Remaining sample size (n = 987)

Excluding missing CLBP data (n = 9550)

Final sample size (n = 863)

1. Excluding participants aged <20 or > 69 (n = 0)
2. Excluding missing sample weight data (n = 43)
3. Excluding missing sleep disturbance data (n=1)
4. Excluding missing marital status data (n=1)

5. Excluding missing BMI data (n = 15)

6. Excluding missing CVD data (n = 4)

7. Excluding missing cancer data (n = 2)

8. Excluding missing drinking status data (n = 58) \/

Fig. 1. Flow chart of inclusion and exclusion for patients.

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; CLBP, chronic low back pain.

Statistical Methods

As categorical variables were marked by absolute
numbers (%), continuous variables were represented
by the mean (standard deviation). To evaluate group
differences, the t test and chi-square test were applied.
Multivariate logistic regression was used to investigate
the association between CLBP and trouble sleeping.
Outcomes were provided as odds ratios (OR) and 95%
confidence intervals (Cl). Model 1 was adjusted for age.
Model 2 was further modified to incorporate modifica-
tions for gender, race, education, marital status, PIR,
energy intake, and BMI. Finally, Model 3 had additional
changes to take into account physical activity, alcohol
use, cigarette smoking, hypertension, diabetes, CVD,
and cancer. A P-value of 0.05 or less was regarded as
statistically significant. R software (version 4.2.3) was
used to perform all statistical analyses.

REsuLTs

As detailed in Table 1, the baseline characteristics
of the study population are stratified by CLBP status.
From the questionnaire results, 72% of patients were
categorized under CLBP. They also had higher occur-
rences of conditions like hypertension (P = 0.001), CVD
(P =0.018), and cancer (P = 0.030). A notable observa-

tion was that 51.5% of the CLBP group reported sleep
disorders, a proportion significantly higher than the
30.9% in the non-CLBP group (P < 0.001).

To balance age differences between groups, we
utilized PSM, resulting in a subset of 508 patients drawn
from the original 863 for in-depth analysis. Within this
subset, 55% from the CLBP group and 30.2% from the
non-CLBP group reported sleep disorders (P < 0.001), as
depicted in Table 2. We then conducted multivariate lo-
gistic regression analyses on these patients. The initial
model (Model 1), adjusted solely for age, showed an
OR of 2.30 for sleep disorders influencing CLBP (OR =
2.30, 95% Cl: 1.60-3.32, P < 0.001) (Fig. 2). After further
adjustments, including age, race, education, marital
status, PIR, energy intake, and BMI, the association be-
tween sleep disorders and a higher CLBP risk remained
strong (OR = 2.29, 95%Cl: 1.55-3.40, P < 0.001). In the
fully adjusted model, this association persisted (OR =
2.21, 95%Cl: 1.46-3.37, P < 0.001) (Fig. 3).

DiscussioN

A substantial body of prior research has deter-
mined that lower back pain primarily originates from
disc degeneration, with common risk factors including
genetic predispositions, age, obesity, smoking, and
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Table 1. Basic characteristics of paiients with and without
CLBP in NHANES 2009-2010.

Table 1 cont. Basic characteristics of patients with and without
CLBP in NHANES 2009-2010.

CLBP CLBP
Characteristic No, n = 266 | Yes, n = 597 1]’ Characteristic No, n =266 | Yes, n = 597 113
(28%) @%) | (28%) 2% |

Gender 0.8 Unclear 127 (53.8%) 258 (49.7%)

Female 135 (49.2%) 317 (51.2%) CVD 0.018

Male 131 (50.8%) 280 (48.8%) No 248 (95.1%) 511 (88.8%)

Age 42 (13.4) 46 (13.2) <0.001 Yes 18 (4.9%) 86 (11.2%)

Race 0.6 Cancer 0.030

Non-Hispanic White 131 (68.5%) 329 (74.1%) No 252 (94.7%) 536 (88.4%)

Mexican American 60 (10.3%) 101 (8.0%) Yes 14 (5.3%) 61 (11.6%)

Non-Hispanic Black 38 (11.3%) 90 (9.6%) Smoking status 0.2

Other Hispanic 27 (5.9%) 59 (4.8%) Nonsmoker 125 (46.7%) 230 (42.7%)

Other race 10 (4.1%) 18 (3.5%) Former smoker 51 (19.6%) 158 (27.3%)

Education 0.7 Current smoker 90 (33.7%) 209 (30.0%)

Below high school 71 (18.7%) 168 (19.6%) Physical activity 0.3

High school 74 (23.9%) 155 (26.5%) Low 58 (23.7%) 111 (17.8%)

Above high school 121 (57.4%) 274 (53.9%) Moderate 78 (32.5%) 162 (32.2%)

PIR 0.6 High 66 (21.0%) 150 (27.6%)

<1 71 (19.1%) 154 (16.6%) Unclear 64 (22.7%) 174 (22.5%)

1-3 87 (29.6%) 223 (34.5%) Sleep disorders <0.001

>3 83 (46.7%) 184 (44.1%) No 184 (69.1%) 291 (48.5%)

Unclear 25 (4.6%) 36 (4.8%) Yes 82 (30.9%) 306 (51.5%)

Marital status 0.6 Abbreviations: CLBP, chronic low back pain; PIR, poverty-to-income

Never married 51 (19.0%) 96 (17.7%) ratio; BMI, body mass index; CVD, cardiovascular disease.

Married or cohabiting 166 (64.6%) 349 (62.9%)

Widowed, divorced, or 49 (16.4%) 152 (19.4%) occupational factors (17,18). However, recent research

separated has started to unravel the intricate relationship be-

Energy intake 2,269 (918.0) | 2,199 (908.0) | 0.6 tween sleep and pain, adding an additional layer of

BMI 0.9 complexity to our understanding of CLBP. Sleep deficit

Underweight 2(0.8%) 9 (1.7%) is increasingly being associated with alterations in pain

Normalweight 59 (20.8%) 117 (20.4%) perception (19-21). Although previous studies have

Overweight 83 (31.7%) 186 (33.7%) demonstrated a bidirectional association between pain

Obesity 122 (46.7%) | 285 (44.2%) a.nd sleep, sleep .disorders o-ften have a higher. predic-

Drinking status 0064 '(clzvzezvsa;lue for pain than pain does for sleep disorders

Non-drinker 25(62%) | 84(13.6%) " Utilizing the NHANES data from the 2009-2010 cy-

1-5 drinks/month 145 (53.1%) | 345 (52.6%) cle for US adults, our findings indicate that individuals

5-10 drinks/month 36 (13.7%) 56 (9.6%) with CLBP were predominantly older and had a higher

10+ drinks/month 56 (27.1%) 112 (24.2%) likelihood of conditions like hypertension, CVD, and

Hypertension 0.001 cancer. The incidence of sleep disorders was notably

No 170 (69.6%) | 320 (59.7%) higher among those with CLBP compared to their coun-

Yes 96 (304%) | 277 (40.3%) terparts without this condition. After offsetting the

e > imbalance ir.1 age between t.he 2 groups of patient§ by

o Wt | s PSM, we adjus'.ced for covariates to construct rr.\ultlple

logistic regression models, and the results consistently

BEy SAO2D) RARish) endorsed that sleep disorders are highly associated
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Table 2. Baseline characteristics after PSM to correct for age
disparities between patients in the CLBP and Non-CLBP
groups (NHANES 2009-2010).

Table 2 cont. Baseline characteristics afier PSM to correct for
age disparities between patients in the CLBP and Non-CLBP
groups (NHANES 2009-2010).

CLBP

Characteristic No, n =254 | Yes, n = 254 P

(50%) (0% |
Gender 0.7
Female 128 (48.5%) 137 (51.4%)
Male 126 (51.5%) 117 (48.6%)
Age 42 (13.3) 41 (13.3) 0.4
Race >0.9
Non-Hispanic White 125 (68.7%) 137 (69.8%)
Mexican American 57 (10.1%) 46 (9.7%)
Non-Hispanic Black 35 (10.7%) 35 (9.8%)
Other Hispanic 27 (6.2%) 25 (5.6%)
Other race 10 (4.3%) 11 (5.2%)
Education 0.8
Below high school 66 (18.4%) 74 (21.1%)
High school 71 (24.6%) 57 (22.9%)
Above high school 117 (57.0%) 123 (56.0%)
PIR 0.3
<1 68 (19.1%) 66 (15.8%)
1-3 83 (29.8%) 103 (37.9%)
>3 78 (46.3%) 69 (40.3%)
Unclear 25 (4.9%) 16 (5.9%)
Marital status 0.5
Never married 47 (17.6%) 51 (19.5%)
Married or cohabiting 161 (67.2%) 146 (62.2%)
Widowed, divorced, 46 (15.2%) 57 (18.3%)
or separated
Energy intake 2,298 (910.6) | 2,204 (1,031.2) 0.3
BMI 0.7
Underweight 2 (0.9%) 5(2.3%)
Normalweight 56 (19.7%) 53 (20.2%)
Overweight 79 (32.7%) 81 (30.2%)
Obesity 117 (46.7%) 115 (47.3%)
Drinking status 0.022
Non-drinker 27 (5.8%) 36 (14.5%)
1-5 drinks/month 139 (53.7%) 144 (53.8%)
5-10 drinks/month 34 (13.6%) 27 (12.5%)
10+ drinks/month 54 (26.9%) 47 (19.2%)
Hypertension 0.3
No 158 (67.8%) 152 (63.6%)
Yes 96 (32.2%) 102 (36.4%)
Diabetes >0.9
No 97 (37.5%) 109 (37.6%)

CLBP
Characteristic No, n =254 | Yes, n = 254 P
(50%) 0%y |
Yes 37 (9.8%) 35 (8.9%)
Unclear 120 (52.7%) 110 (53.5%)
CVD 0.2
No 236 (94.8%) 225 (90.7%)
Yes 18 (5.2%) 29 (9.3%)
Cancer 0.024
No 241 (95.5%) 229 (89.0%)
Yes 13 (4.5%) 25 (11.0%)
Smoking status 0.8
Nonsmoker 120 (47.5%) 104 (44.5%)
Former smoker 51 (20.7%) 61 (23.7%)
Current smoker 83 (31.8%) 89 (31.8%)
Physical activity 0.2
Low 56 (24.5%) 42 (17.5%)
Moderate 75 (32.6%) 64 (27.3%)
High 61 (19.2%) 72 (30.1%)
Unclear 62 (23.7%) 76 (25.1%)
Sleep disorders <0.001
No 174 (69.8%) 124 (45.0%)
Yes 80 (30.2%) 130 (55.0%)

Abbreviations: PSM, propensity score matching; CLBP, chronic low
back pain; PIR, poverty-to-income ratio; BMI, body mass index; CVD,
cardiovascular disease.

with an elevated risk of CLBP. Insomnia and obstruc-
tive sleep apnea (OSA) emerged as the most prevalent
diagnoses in studies evaluating the influence of sleep
disorders on pain outcomes. A diagnosis of OSA nota-
bly elevated the likelihood of chronic pain reporting, as
well as heightened pain intensity and sensitivity. These
symptoms could be mitigated by treatment-induced
sleep (24). Recent research has demonstrated that sleep
deprivation amplifies pain responses in crucial percep-
tual regions of the cerebral cortex while it dampens
activity in other areas responsible for pain regulation.
By reducing pain thresholds, sleep deprivation broad-
ens the spectrum of intensities at which stimuli are
perceived as painful (25).

A single night of total sleep deprivation can com-
promise downstream pain pathways, enhance spinal
cord excitability, and increase the sensitivity of periph-
eral pathways to cold and pressure-induced pain (26).
Sleep disturbances influence pain pathways at multiple

www.painphysicianjournal.com
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Characteristics N Odds ratio(95% Cl) P value
1
1
1
1
1
Sleep disorders !
1
1
1
1
1
1
1
1
1
1
No 298 i Reference
1
1
1
1
1
1
1
1
1
1
Yes 210 | | | —m— 1 | 2:30(1.60,3.32) <0.001
1
1
1
1
1
1
1
1
1
1
Age 508 H 1.00 (0.98, 1.01) 0.6
1
1
1
1 15 2 2.5 3
Fig. 2. Forest plot of the odds ratio for the association between sleep disorders and risks of CLBP (model 1: adjusted for age).
Abbreviations: CI, confidence interval.

anatomical levels, instigating a shift towards proin-
flammation in the immune system and amplifying spi-
nal pain transmission. Additionally, these disturbances
impact the mesolimbic system, a critical player in the
emotional and cognitive facets of pain, potentially
exacerbating the pain experience (27). The short, frag-
mented, and poor-quality sleep frequently endured by
chronic pain patients can intensify pain symptoms, cre-
ating a vicious cycle of heightened sensitivity to various
painful stimuli (28).

Despite the high prevalence of lower back pain,
the prognosis is generally positive. However, nearly
2/3 of patients continue to experience pain 3 months
after the onset of the condition. Among the clinical
interventions for patients with CLBP, pharmacological
treatments, such as nonsteroidal anti-inflammatory
drugs, are the most commonly utilized nonsurgical

options (29). However, as of now, the management of
sleep issues has not been extensively integrated into
interventions for patients with CLBP.

Our study presents several limitations. Firstly, the
data pertaining to sleep disorders and CLBP was gath-
ered via a questionnaire, potentially introducing recall
bias. Secondly, omitting samples due to incomplete in-
formation may have induced selection bias. Moreover,
while we accounted for several confounders in our
multivariate logistic regression analysis, potential un-
measured or unrecognized confounding factors could
still impact the results. Lastly, given the cross-sectional
nature of this study, we cannot deduce a causal link
between sleep disorders and CLBP.

CONCLUSIONS

The present study reveals a significant correlation

E260
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Characteristics N Odds ratio(95% CI) P value
Sleep disorders 1
No 298 I Reference
Yes 210  —— 2.21(1.48, 3.37) <0.001
Age 508 ] 0.99 (0.97, 1.01) 0.24
Race 1
Non Hispanic White 262 ] Reference
Mexican American 103 —i— 0.88 (0.50, 1.54) 0.65
Non Hispanic Black 70 —— 0.86 (0.47, 1.57) 0.62
Other Hispanic 52 — g 0.81 (0.41, 1.59) 0.54
Other race 21 — 1.21 (0.45, 3.33) 0.70
Sex
Female 265 * Reference
Male 243 —i— 1.13 (0.71, 1.79) 0.61
Education
Below high school 140 * Reference
High school 128 _._I 0.63 (0.36, 1.10) 0.1
Above high school 240 —.I—- 0.82(0.47, 1.41) 047
PIR
<1 134 * Reference
1-3 186 I—.— 1.52 (0.92, 2.52) 0.11
>3 147 -—I.—' 1.16 (0.65, 2.09) 0.61
Unclear 41 _.I_ 0.86 (0.37, 1.93) 0.7
Marital status
Never married 98 * Reference
Married or cohabiting 307 ——— 0.74 (0.42, 1.29) 0.29
Widowed, divorced or separated 103 —1— 0.93 (0.47, 1.84) 0.83
Energy intake 508 : 1.00 (1.00, 1.00) 0.40
BMI
Underweight 7, 1] Reference
Normalweight 109 o— 0.50 (0.06, 2.72) 0.45
Overweight 160 L] 1 0.53 (0.07, 2.87) 0.49
Obesity 232 ] 1 0.45 (0.06, 2.40) 0.38
Drinking status !
Non-drinker 63 ] Reference
1-5 drinks/month 283 —a— 0.57 (0.30, 1.07) 0.08
5-10 drinks/month 61 —a— 0.44 (0.19, 1.01) 0.05
10+ drinks/month 101 —a— 0.55 (0.25, 1.16) 0.12
Hypertension !
No 310 | Reference
Yes 198 —E— 1.11 (0.70, 1.78) 0.66
Diabetes 1
No 206 [ ] Reference
Yes 72 —_— 0.73(0.37, 1.41) 0.35
Unclear 230 —i-— 0.80 (0.52, 1.22) 0.30
CcvD 1
No 461 m Reference
Yes 47 ——— 1.53 (0.75, 3.20) 0.25
Cancer 1
No 470 | | Reference
Yes 38 | —— 242 (1.13,5.43) 0.03
Smoking status 1
Nonsmoker 224 [ | Reference
Former smoker 112 —i— 1.60 (0.94, 2.72) 0.08
Current smoker 172 —_— 1.12 (0.68, 1.82) 0.66
Physical acitvity 1
Low 98 1] Reference
Moderate 139 — 1.09 (0.61, 1.96) 0.78
High 133 -—8— 1.56 (0.86, 2.87) 0.15
Unclear 138 L . . ‘—!—.I—‘ ; 1.45 (0.81, 2.61) 0.21
01 02 05 1 2 5
Fig. 3. Forest plot of the odds ratio for the association between sleep disorders and risks of CLBP (model 3: adjusted for age,
gender, race, education, marital status, PIR, energy intake, BM1, physical activity, alcohol use, cigarette smoking, hypertension,
diabetes, CVD, and cancer).
Abbreviations: CI, confidence interval; PIR, poverty-to-income ratio; BMI, body mass index; CVD, cardiovascular disease.

between sleep disorders and CLBP. Concentrating on
the commonly co-occurring complaints of sleep issues
in patients with CLBP appears to be a vital extension to

pain management. This focus can be quite beneficial in
preventing symptom progression and achieving a more
satisfactory therapeutic outcome.
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