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Abstract: Low back pain (LBP) is one of the main etiologies of disability in daily life. In the face
of LBP increases in super-aged societies, there are serious concerns of escalating medical costs and
deteriorations in the social economy. It is therefore important to identify the factors associated with
LBP for prompt preventative and therapeutic measures. This study investigated the prevalence of
LBP and the impact of subject-specific factors on LBP development in Japanese community-dwelling
older adults. We established eight groups based on age (50’s, 60’s, 70’s, and 80’s) and gender after
random sampling from a resident registry. A total of 411 participants (201 male and 210 female) were
enrolled for a whole-spine lateral radiographic examination and dual-energy X-ray absorptiometry.
All subjects were evaluated for the presence and degree of LBP. We analyzed the impact of clinical
factors on LBP using multivariate analysis. Fifty-three (12.9%) participants (23 (11.4%) male and 30
(14.3%) female) were found to have LBP. The prevalence of LBP tended to increase with age, and
similar results were found between genders. In univariate analysis, the subject-related factors of
the sagittal vertebral axis, pelvic incidence minus lumbar lordosis (PI-LL) mismatch, and aging had
significant associations with LBP. PI-LL mismatch was a significant independent factor in multivariate
analysis. In conclusion, this study identified LBP prevalence and subject-specific factors on a general
population basis. Multivariate analysis revealed PI-LL mismatch as an independent factor associated
with LBP in the healthy community-dwelling elderly.

Keywords: low back pain; prevalence; influence factor; spinal alignment; aging

1. Introduction

As the elderly rate reached 28% of the Japanese population in 2019 (Ministry of
Internal Affairs and Communications, Statistics Bureau, Population Census), it has become
of social importance to clarify the impact of aging in order to extend healthy life expectancy.
Low back pain (LBP) is one of the main etiologies of disability in daily life [1]. The lifetime
prevalence of LBP is reportedly 80% [2] and has been found to increase with age [3].
Furthermore, LBP may cause depression in the elderly, which has a significant impact on
quality of life [4]. LBP was shown to be associated with depression both in the elderly
and in middle-aged individuals in the prime of their working life [5,6]. Not only does
back pain lead to high medical costs, but the economic and social losses from LBP are
considered enormous [7]; in the U.S., the financial loss to LBP has been calculated as up to
120 billion dollars yearly [7]. Several risk factors for LBP have been suggested, including
old age, occupation, a sedentary lifestyle, obesity, spinal malalignment, pregnancy, and
smoking [8,9]. However, those with the strongest influence on LBP onset remain unknown.

In the present population-based study of the elderly in Japan, we adopted random
sampling from the basic resident registry of a suburban town to minimize selection bias
and obtain cohort data that more closely resembled the general Japanese population. This
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epidemiological study was coined “the Obuse study”, bearing the name of the cooperating
local government. We have employed the Obuse study cohort for research on various
musculoskeletal disorders [10–15].

Japan is currently facing a super-aged society unparalleled in the world, with serious
concerns of escalating medical costs and significant losses in the social economy [16]. There-
fore, it has become paramount to identify the factors associated with LBP development
for appropriate early action. This investigation aimed to determine the prevalence of LBP
in older Japanese adults using the Obuse study cohort and identify the impact of subject-
specific factors, including age, sex, body mass index (BMI), lifestyle habits, comorbidities,
and spinal alignment.

2. Methods
2.1. Study Design

Japanese resident cross-sectional study based on a municipal registry.

2.2. Settings

This study was conducted at a hospital in the town of Obuse from October 2014 to
June 2017.

2.3. Bias

In order to minimize selection bias, we randomly selected candidates from the basic
town resident registry.

2.4. Study Size

Assuming that the frequency of back pain in the comparison group was between 5%
and 20%, sample size calculation estimated that 89 subjects per group would provide 80%
statistical power (1 minus beta) with an alpha equal to 0.05. After estimating the possible
cohort size in consideration of budget, time, and burden on subjects and research staff, we
planned to establish eight groups by age (50’s, 60’s, 70’s, and 80’s) and gender (male and
female) containing approximately 50 subjects each for a total of at least 400 subjects.

2.5. Data Source

The subject selection process in this study has been previously reported [10]. Briefly,
we randomly sampled for candidates from the basic resident registry of the Obuse town
(population: 11,326 in 2014). Sampling was conducted until the number of individuals
providing consent for study participation reached the target number. A total of 1297
individuals were randomly selected from 5352 people aged between 50 and 89 years in the
basic resident registry of the Obuse town in 2014 (Figure 1) [10]. Of them, 882 people were
unwilling to participate for undisclosed reasons and excluded from this study.

2.6. Participation

After providing written consent, 415 subjects were enrolled in the Obuse study. The
inclusion criteria were residents aged 50–90 years who were randomly selected by town
administrative staff from the Obuse resident registry and who consented to participate in
the study. The exclusion criteria were subjects with acute LBP, vertebral fracture, spinal
infection, or spinal tumor within 3 months prior to the study, as well as those unable
to undergo whole-spine radiographs in a standing position. Four people with missing
radiographic data were excluded, leaving a total of 411 (201 male and 210 female) Japanese
participants. All subjects were measured for physical characteristics and lifestyle habits.
The baseline characteristics of the cohort are summarized in Table 1. The protocol of the
investigation was approved by our Institutional Review Board (no. 2792). This study was
reported in accordance with the STROBE guidelines.
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Female 50’s 47 158.1 (4.9)  55.4 (9.0)  22.2 (3.8)  
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Table 1. Baseline characteristics.

Gender Age Group N Height, cm
Mean (SD)

p-Value
(vs. 50’s)

Weight, kg
Mean (SD)

p-Value
(vs. 50’s)

BMI
Mean (SD)

p-Value
(vs. 50’s)

Male 50’s 49 171.8 (6.0) 67.1 (9.1) 22.7 (2.9)

60’s 53 166.7 (4.7) <0.01 66.9 (7.7) 0.94 24.1 (2.7) 0.01

70’s 54 163.1 (5.0) <0.01 59.9 (10.3) <0.01 22.4 (3.5) 0.68

80’s 45 160.1 (5.7) <0.01 57.5 (8.5) <0.01 22.4 (2.8) 0.54

Total 201 165.5 (6.8) 63 (9.8) 22.9 (3.1)

Female 50’s 47 158.1 (4.9) 55.4 (9.0) 22.2 (3.8)

60’s 61 152.8 (5.4) <0.01 52.2 (7.6) 0.06 22.3 (2.8) 0.86

70’s 54 149.7 (5.3) <0.01 50.5 (7.9) <0.01 22.5 (3.2) 0.68

80’s 48 144.6 (5.9) <0.01 48.3 (7.9) <0.01 23.1 (3.3) 0.21

Total 210 151.3 (7.1) 51.6 (8.4) 22.5 (3.2)

BMI: body mass index, SD: standard deviation.

2.7. Variables

Analyzed variables included age, gender, height, weight, BMI, smoking, visual analog
scale (VAS) score for low back pain, spinal alignment parameters, bone mineral density
(BMD), and skeletal muscle mass index (SMI).

2.8. Measurement
2.8.1. Measurements of Spinal Alignment

All subjects underwent a whole-spine lateral radiographic examination in a standing
position with the hands on the clavicles [17] for the measurement of the sagittal vertical
axis (SVA) as an indicator of total spinal alignment as well as pelvic incidence (PI) and
lumbar lordosis (LL). A PI minus LL (PI-LL) mismatch was defined as PI-LL >10◦ [18].
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The spinal alignment measurements were performed by 2 board-certified spine surgeons
and a trained staff member. The calculated inter-rater reliability scores for each parameter
were 0.95 for SVA, 0.80 for PI, and 0.65 for LL [10]. The calculated intra-rater reliability
scores for each parameter were 0.91 for SVA, 0.97 for PI, and 0.96 for LL. For validity, our
previous study demonstrated that our measurements were comparable to those of previous
reports [10].

2.8.2. Evaluation of BMD and SMI

All subjects underwent dual-energy X-ray absorptiometry (GE Prodigy, GE healthcare,
Chicago, IL, USA) of the lumbar spine. Osteoporosis was defined as a T-score ≤ −2.5 [19].
Skeletal muscle mass was calculated as the sum of the skeletal muscle mass of the arms
and legs, assuming that the mass of lean soft tissue was representative of skeletal muscle
mass. SMI was calculated as four-limb lean soft tissue mass in kilograms divided by height
in meters squared.

2.8.3. Clinical Evaluation of Subjects

All subjects were evaluated for the degree of LBP by VAS scores (0–100 mm). In this
study, subjects with moderate to severe LBP, defined as VAS > 50 mm, were considered as
having LBP [20].

2.9. Statistical Methods

Welch’s t-test was used to compare the mean values of continuous variables. Fisher’s
exact test was adopted to evaluate the differences between categorical variables. We em-
ployed a logistic regression model with the existence of moderate or severe LBP (i.e., VAS
> 50 mm) as a response variable and subject-specific factor candidates as explanatory
variables. Univariate and multivariate analyses using the forced entry method included the
factors of sex, BMI, SMI, smoking, BMD, osteoporosis (i.e., T-score ≤ −2.5), SVA >50 mm,
PI-LL mismatch, and aging as potential confounding factors of LBP according to previous
reports [8,9]. Factors with p < 0.2 in the univariate analysis were included in the subsequent
multivariate analysis with a stepwise algorithm. All statistical analyses were performed
using EZR software (Saitama Medical Center, Jichi Medical University, Saitama, Japan), a
modified graphical user interface of R commander (The Foundation for Statistical Comput-
ing, Vienna, Austria) designed to add statistical functions frequently used in biostatistics.
The level of significance was set at p < 0.05.

3. Results
3.1. Descriptive Data

The prevalence of LBP in the cohort is summarized in Table 2.

Table 2. Prevalence of low back pain.

Age Group Male p-Value
(vs. 50’s) Female p-Value

(vs. 50’s)

50’s 6.1% (3/49) 17.0% (8/47)

60’s 5.7% (3/53) 1 6.6% (4/61) 0.14

70’s 14.5% (8/55) 0.34 14.8% (8/54) 1

80’s 20.0% (9/45) 0.12 20.8% (10/48) 0.79

Total 11.4% (23/201) 14.3% (30/210)

3.2. Outcome Data

A total of 53 (12.9%) participants (23 (11.4%) male and 30 (14.3%) female) were found
to have LBP among subjects randomly selected from the basic resident registry of a suburb
town. There were no cases of acute LBP at the time of data acquisition. The prevalence of
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LBP for the 50’s, 60’s, 70’s, and 80’s age groups was 6.1%, 5.7%, 14.5%, and 20.0% in men
and 17.0%, 6.6%, 14.8%, and 20.8% in women, respectively. The prevalence of LBP tended
to increase with age, with the exception of 50’s women. Similar results were observed
between genders.

3.3. Main Result

In univariate analysis, the subject-specific factors of SVA, PI-LL mismatch, and aging
had significant associations with LBP, while those of sex, BMI, BMD, SMI, and smoking did
not. PI-LL mismatch was the only significant independent factor according to multivariate
analysis, with an odds ratio of 1.91 (Table 3).

Table 3. Effects of subject-specific factors on low back pain.

Factor Univariate Analysis Multivariate Analysis

Odds Ratio
(95% CI) p-Value Odds Ratio

(95% CI) p-Value

Sex (male) 1.29 (0.72–2.31) 0.39

BMI 1.05 (0.96–1.15) 0.26

SMI 1.04 (0.77–1.40) 0.81

Smoking 0.77 (0.42–1.41) 0.40

BMD 1.04 (0.33–3.26) 0.95

Osteoporosis 0.61 (0.08–4.79) 0.64

SVA >50 mm 2.3 (1.2–4.4) 0.011

PI-LL mismatch 2.18 (1.22–3.91) <0.01 1.91 (1.03–3.55) 0.041

Age (vs. 50’s)

60’s 0.51 (0.19–1.36) 0.18 0.46 (0.17–1.25) 0.13

70’s 1.33 (0.58–3.02) 0.50 1.24 (0.54–2.83) 0.62

80’s 2.01 (0.90–4.50) 0.089 1.49 (0.64–3.48) 0.36
BMI: body mass index, SMI: skeletal muscle mass index, BMD: bone mineral density, SVA: sagittal vertical axis,
PI: pelvic incidence, LL: lumbar lordosis.

4. Discussion
4.1. Key Result

This study evaluated the prevalence and related factors of LBP by random sampling
from the basic resident registry of a suburb town for subject selection with age and gender
clustering on a general population basis. LBP prevalence tended to increase comparably
with age for both genders apart from 50’s women, for which social activities and stress
were possible reasons for the higher incidence. Multivariate analysis considering various
confounders, such as age, gender, and BMI, revealed PI-LL mismatch as an independent
factor associated with LBP. These findings may help in the early detection and treatment of
LBP in subclinical or asymptomatic community-dwelling members.

Although numerous factors have been linked to LBP, their authenticity remains under
debate [8,9]. Several reports have described an association between obesity and LBP [21,22].
In one population-based study, BMI was significantly associated with higher chronic LBP
prevalence in women [22]. Hirano et al. also showed BMI to be strongly associated
with lumbar spinal canal stenosis in community-living people [23]. On the other hand,
Dario et al. witnessed that BMI did not increase the risk of chronic LBP in a population of
Spanish adult twin [24]. In another study, although obesity was not associated with overall
chronic LBP, its impact was more pronounced for severe chronic LBP [25]. In the present
investigation, BMI did not significantly associate with LBP. Social factors and lifestyle have
also been cited in relation to LBP, with reports implicating smoking with LBP [26,27]. In
contrast, smoking and alcohol were not significantly linked to LBP in a cross-sectional
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prospective study of young twins [28], with conflicting associations for smoking [29,30].
We observed no remarkable associations for smoking with LBP.

Several reports have described a relationship between BMD and LBP [31–33]. A
small-sample study argued that lower BMD of the lumbar spine was more frequent among
LBP patients and that LBP could increase the risk of osteopenia [31]. On the other hand,
another report found that participants with LBP had significantly higher lumbar BMD
than did those without LBP, concluding that the presence of rotational asymmetry and
associated motion restriction increased BMD in affected vertebrae [32]. A population-based
cross-sectional study also showed an association for lumbar BMD with LBP [33]. In this
investigation, however, BMD was not significantly related to LBP.

Regarding the influence of muscle mass, paraspinal muscle volume has been linked to
sagittal spinal alignment [34–36]. Hori et al. described that trunk muscle mass was signif-
icantly associated with VAS scores in LBP patients visiting spinal outpatient clinics [37].
A systematic review showed that the cross-sectional area of the multifidus muscle was
negatively related to LBP, with conflicting evidence for associations between the erector
spinae, psoas, and quadratus lumborum cross-sectional area and LBP [38]. Our study
found no significant impact for SMI on LBP.

In recent years, corrective surgeries for sagittal spinal deformity have been widely
performed in older adults since such disorders were associated with impaired walking
and mobility, respiratory and digestive symptoms, and LBP [39,40]. Multiple studies have
stated that reduced lumbar lordosis is closely related to chronic LBP in adulthood [39,41].
Kitagawa et al. found that subjects with LBP showed significantly larger SVA and smaller
LL as compared with the values of subjects without LBP in a study of total knee arthroplasty
patients [42]. In our cohort, SVA > 50 mm, PI-LL mismatch, and aging were significantly
associated with LBP in univariate analysis, although PI-LL mismatch alone remained
associated with LBP in multivariate analysis (odds ratio: 1.91). A PI-LL mismatch is caused
by a compensatory failure of the pelvis in spinal sagittal alignment. In a multicenter study
of adult spinal deformity patients, a linear regression model demonstrated the threshold
radiographical parameter for the Oswestry Disability Index of >40 to be PI-LL of 11◦ or
more [43]. The results of our study suggest that individuals with LBP may more frequently
suffer from pelvic compensatory insufficiency in postural abnormalities.

4.2. Limitation

The major limitation of this study was the small study group size due to the method of
random sampling from a town population, with resource restrictions to 400 patients due to
the inclusion of radiographical examination. Other limitations of the current investigation
include a possibility of inter-observer bias and cross-sectional design; we are currently
planning longitudinal studies to investigate the prevalence changes of LBP over time.
Regional characteristics were also a shortcoming of this study as our subjects were sampled
from a suburb area. Indeed, although epidemiological surveys are relatively easy in such
regions due to less population displacement, there exists the possibility of differences with
urban residents. Lastly, as this was a non-compulsory survey, the proportion of people
randomly sampled who ultimately participated was less than one third. Since two thirds of
candidates declined to enroll, incomplete selection bias could not be completely removed.

4.3. Generalizability

Nevertheless, the Obuse study cohort is presumed to resemble the average Japanese
suburb population very closely due to its survey design.

4.4. Interpretation

Our findings showed spinal alignment to be significantly related to LBP onset and
suggested that the early detection of lumbopelvic parameter mismatch by whole-spine
radiographs might help prevent LBP occurrence, although further studies are warranted.
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5. Conclusions

Based on data close to that of the general population, this cross-sectional study con-
firmed that LBP tended to increase with age in both men and women. Moreover, a
high PI-LL mismatch was significantly associated with LBP development in the healthy
community-dwelling elderly, which might serve as a simple indicator of health risk and
aid in the prevention of back problems in this age group.
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