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Sleeping Habit and Other Life Styles in the Prime of Life and Risk for Ossification
of the Posterior Longitudinal Ligament of the Spine (OPLL): a Case-control Study
in Japan

Masakazu Washio,* Gen Kobashi,? Kazushi Okamoto,®> Satoshi Sasaki,* Tetsuji Yokoyama,®

Yoshihiro Miyake,® Naomasa Sakamoto,” Kaori Ohta,? Yutaka Inaba,® Heizo Tanaka,’

and Japan Collaborative Epidemiological Study Group for Evaluation of Ossification of the Posterior
Longitudinal Ligament of the Spine (OPLL) Risk. *

BACKGROUND: Although the average age of onset of ossification of the posterior longitudinal ligament
of the spine (OPLL) is at around 50 years, the onset of the symptoms is insidious and the progression
is very slow. The etiology of OPLL has not been elucidated in detail. Previous studies have suggested
that a high-salt diet and low consumption of animal protein, glucose intolerance and high body mass
are risk factors for OPLL. However, there is little information about the relationship between OPLL and
life styles in the prime of life (between 30 and 50 years).

METHODS: To facilitate early prediction and prevention of OPLL, we analyzed life styles such as sleep-
ing habit, physical exercise, smoking, alcohol drinking and hangover in subjects in the prime of life.
Self-administered questionnaires were obtained from patients with OPLL and their sex- and age-
matched controls. Sixty-nine patients diagnosed with OPLL within 3 years previously and 138 sex- and
age-matched controls without backbone diseases, randomly selected from participants in a health
checkup in a local town, were enrolled.

RESULT: Moderate amount of sleep (6-8 hours vs. 5 hours or shorter and 9 hours or longer; odds ratio
[OR] = 0.18, 95% confidence interval [CI] = 0.06, 0.54) and a regular sleeping habit (i.e., going to bed
and getting up at regular time) (OR=0.44, 95% CI=0.22, 0.90) were associated with a decreased risk of
OPLL even after adjusting for other factors. On the other hand, moderate physical exercise (once a
week or more v.s. less than once a week: OR=0.97, 95% CI=0.42, 2.26), smoking (OR=1.41, 95%
Cl=0.67, 2.97), drinking (OR=1.08, 95% CI=0.53, 2.20) and hangover (OR=1.12, 95% CI=0.43, 2.94) in
the prime of life showed no correlation with risk of OPLL.

CONCLUSION: Good sleeping habits in the prime of life may decrease the risk of OPLL.
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The Japanese Ministry of Health, Labour and Welfare has desig-
nated ossification of the posterior longitudinal ligament of the
spine (OPLL) as an intractable disease because there is no estab-
lished way to cure or prevent it.t OPLL is manifested in the cervi-
cal vertebrae and causes a range of disease conditions varying
from slight abnormality to quadriplegia.?® It has been called a
Japanese disease because the prevalence is especially high in
Japan.* However, the relation of diffuse idiopathic skeletal hyper-
osteosis (DISH) to OPLL reported by Resnick et a.® has recently
attracted attention, and many cases of coexistence of the two dis-
eases have been reported.* Now, OPLL is recognized as an impor-
tant disease occurring not only in Japan but also in Europe and in
the United States.” The prevalence is about 1.9% to 4.3% in gen-
eral Japanese population.?* Males are twice* or three times® as
likely to suffer from OPLL as females. Matsunaga et &l .* reported
that the average age of onset of OPLL was 51 years for males and
49 years for females.

The etiology of OPLL has not yet been elucidated in detail,
athough it is thought to be a multifactorial disease in which com-
plex environmental and genetic factors interact.? Although many
possible causative factors have been suggested, including genetic
factors,® sex,” diabetes mellitus (DM),*** hypertension,® high
body mass index,** injuries,**** hormonal imbalance,* and
dietary habits,** the cause of the disease has not yet been clari-
fied. Regarding dietary factors, previous epidemiologic studies
carried out in Japan® and Taiwan'® have suggested that both a
high-salt diet and low consumption of animal protein are risk fac-
tors for OPLL. On the other hand, hospital-based studies in
Japan*? revealed that both glucose intolerance and high body
mass index were significantly associated with OPLL.

Among these risk factors, metabolic syndromes (i.e., insulin-
resistance) including such as diabetes mellitus,*** glucose intoler-
ance,2 and high body mass index*2 may be important risk factors
for OPLL from the point of view of prevention because they are
also risk factors for lifestyle-related diseases such as cardiovascu-
lar diseases.” Lifestyle modification such as physical exercise
may reduce coronary risk*® by increasing insulin sensitivity. In
contrast, sleeping few hours decreases the insulin-sensitivity** and
worsens the glucose intolerance.® However, there is little infor-
mation about the relationship between OPLL and life styles,*
even though lifestyles (e.g., physical exercise,**** alcohol drinking
habits®®? smoking habits,*® and sleeping habits**) are associated
with the metabolic syndromes.

Although the average age of onset of OPLL is at around 50
years,* the onset of the symptoms is insidious and the progression
is very slow in most cases.* OPLL may have a long period of
latency. Thus, the present study was conducted to investigate the
influence of sleeping habits and other lifestyle factorsin the prime
of life (between 30 and 50 years of age) on the development of
OPLL.

METHODS

Subjects were 69 patients who visited 9 collaborating hospitals in
Hokkaido from 1998 through 2001, and who had been diagnosed
as having OPLL in the previous 3 years. Diagnosis of OPLL was
carried out by specialists on the basis of clinical symptoms and
radiological examinations by using radiographs of the cervical
and thoracic spines, tomography, computed tomography, and
magnetic-resonance imaging according to the criteria of the
Investigation Committee on the Ossification of the Spinal
Ligaments, Japanese Ministry of Health and Welfare.* All the
patients were symptomatic and required medical consultation, and
many of them underwent spinal surgery before or during the pre-
sent study. Two controls matched to each case for sex and year of
birth (within 3 years) without any backbone disorders were ran-
domly recruited from participants in a health checkup in atown in
Hokkaido. From 1998 through 2001, a self-administered ques-
tionnaire was obtained from the 69 OPLL patients and 138 con-
trols. Written informed consent to cooperate in this study was
obtained from al the subjects and controls. The contents of the
questionnaire included (1) sleeping habits in the prime of life,
(2) other lifestyles such as leisure time physical exercise, alcohol
drinking and smoking in the prime of life and at the time of han-
dling out the questionnarie, (3) height and body weight, and (4)
past history of diseases such as diabetes mellitus. Many of the
participants also agreed to donate blood samples which were
stored until use for DNA extraction and genotyping of the candi-
date genes of OPLL. The details of the present study have been
reported elsewhere.*

In univariate analysis, the differences were analyzed statistical-
ly by the chi-square test (degree of freedom = 1). Yates correc-
tion for continuity was used when the observed number was less
than 5. A conditional logistic model was applied to evaluate the
odds ratios (ORs) of lifestyle-related factors after adjusting for
other risk factors (i.e., obesity, and diabetes mellitus). Because
our previous report™ showed that diabetes mellitus and high body
mass index (25 kg/m? and over) were risk factors for OPLL, age,
sex, and these two variables were used as other risk factors for
OPLL to adjust the odds ratio in relation to the sleeping habit,
leisure time physica exercise, smoking, alcohol drinking or hang-
over in multiple logistic regression analysis. Age was treated as a
continuous variable, and indicator variables were used for other
factors. All the statistical analyses were conducted by use of
SAS® package (SAS Ingtitute Inc., Cary, NC).

The present study was approved by the institutional review
boards of Hokkaido University School of Medicine and of each
collaborating hospital.

RESULTS

The mean (+ standard deviation) ages of the 40 male cases and
80 male controls were 63.1 (+  9.6) yearsand 63.2 (+ 9.5) years,
respectively, and the mean ages of the 29 female cases and 58
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female controls were 59.8 (+ 10.1) years and 59.8 (+ 10.1)
years, respectively (not shown in the table).

Table 1 summarizes the ORs for OPLL and 95% confidence
intervals in relation to lifestyles (i.e., sleeping habits, leisure time
physical exercise, and smoking and drinking) in the prime of life.
In univariate analysis, moderate (6-8 hours) sleeping hour (vs.
short [5 hour or shorter] and excessive [9 hour or longer]) was
associated with a decreased risk of OPLL (OR = 0.24, 95% confi-
dence interval [CI] = 0.09, 0.59). So was a regular sleeping habit
(i.e., going to bed and getting up at regular time) (vs. irregular
sleeping habits; OR = 0.48, 95% CI = 0.27, 0.88). In contrast,

insufficient sleep (i.e., the subjects felt that they had insufficient
sleep) was associated with an increased risk of OPLL (vs. suffi-
cient sleep; OR = 3.10, 95% CI = 1.31, 7.01). Even after adjusting
for other factors such as age, sex, diabetes mellitus and high body
mass index, moderate amount of sleep (OR = 0.18, 95% CI =
0.06, 0.54) and regular sleeping habit (OR=0.44, 95% CI=0.22,
0.90) were associated with a decreased risk of OPLL.

On the other hand, leisure time physical exercise in the prime
of life did not show any significant relation to the risk of OPLL.

Smoking showed an adjusted OR greater than unity (current
smokers vs. never smokers or ex-smokers; OR = 1.41, 95% CI =

Table 1. Odds ratios (ORs) and 95% confidence intervals (Cls) for ossification of the posterior longitudinal ligament
of the spine according to life style in the prime of life (between 30 and 50 years).

Factors

Crude OR (95% Cl)  Adjusted OR (95% Cl)

Sleeping hours

Moderatel] 6-8 h/d] / Short (5h/d or less) and long ( 9h/d or more)

0.24 (0.09, 0.59)"* 0.18 (0.06, 0.54)"7

Had regular sleeping habits  Yes/ No

Had Insufficient sleep/ Sufficient sleep

Moderate physical exercise

Once aweek and more/ Less than once a week
Current smokers/Never smokers, ex-smokers
Once aweek and more/ Less than once a week
Once aweek and more/ Less than once a week

Smoking habit
Drinking habit
Had a hangover

0.48 (0.27, 0.88)"
3.10 (1.31, 7.01)"

0.86 (0.4, 1.70)"*
1.37 (0.74, 2.54)
1.03 (0.57, 1.88)'°
6.86 (1.37, 32.24)°

0.44 (0.22, 0.90)"®
1.85(0.70, 4.91)'®

0.97 (0.42, 2.26)"
1.41 (0.67, 2.97)
1.08 (0.53, 2.20)'"
1.12 (0.43, 2.94)

Adjusted OR: adjusted for high body massindex (25.0 or greater) and diabetes mellitus.

* The number of cases and controls used for analysis.

*1:68 cases and 127 controls, *2: 68 cases and 133 controls, *3: 65 cases and 121 controls, *4:63 cases and 121 controls,

*4: 67 cases and 127 controls, *5: 67 cases and 121 controls, *6: 57 cases and 104 controls, * 7: 66 cases and 119 controls,
*8: 66 cases and 122 controls, *9: 64 cases and 112 controls, *10: 60 cases and 114 controls, *11: 64 cases and 112 controls,

*12: 57 cases and 98 controls

Table 2. Odds ratios (ORs) and 95% confidence intervals (Cls) for ossification of the posterior longitudinal ligament

of the spine according to sleeping hoursin the prime of life (between 30 and 50 years).

Factors Cases Controls Crude OR (95% ClI) Adjusted OR (95%Cl)
Sleeping hours

Short (5 hours /day or shorter) 12 4 6.74 (2.08, 21.85)* 6.64 (1.88, 23.49)*

Moderate (6-8 hours /day) 53 119 1.00 (reference) 1.00 (reference)

Long ( 9 hours/day or longer) 3 4 1.68 (0.36, 7.79) 2.54 (0.47, 13.65)?

Adjusted OR: adjusted for high body massindex (25.0 or greater) and diabetes mellitus.
* The number of cases and controls used for analysis.
*1:65 cases and 123 controls, *2: 56 cases and 123 controls

Table 3. Odds ratios (ORs) and 95% confidence intervals (Cls) for ossification of the posterior longitudinal ligament
of the spine according to present status of smoking and drinking.

Crude OR (95% Cl)
1.56 (0.81, 2.81)"
0.29 (0.15, 0.57)"

Adjusted OR: adjusted for high body massindex (25.0 or greater) and diabetes mellitus.
* The number of cases and controls used for analysis.
*1: 65 cases and 125 controls, *2: 66 cases and 120 controls, *3: 63 cases and 118 contrals, *4: 64 cases and 113 controls

Factors
Smoking habit Current smokers/Never smokers, ex-smokers
Drinking habit Once aweek and more/ Less than once aweek

Adjusted OR (95%Cl)
1.68(0.78, 3.63)
0.35(0.17, 0.75)*
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0.67, 2.97) but failed to become a significant risk factor. There
was no meaningful association between OPLL and alcohol drink-
ing, while hangover was associated with an increased risk of
OPLL (OR =6.86, 95% CI = 1.37, 32.24). However, this positive
association disappeared after adjusting for age, sex, diabetes mel-
litus, and high body mass index (OR = 1.12, 95% CI = 0.43,
2.94).

Table 2 shows the ORs and 95% Cls for OPLL according to
sleeping hours in the prime of life. Short sleeping hours (5 hours
or shorter) was associated with an increased risk of OPLL (vs. 6-8
hours; OR=6.74, 95% Cl=2.08, 21.85). Even after adjusting for
other factors such as age, sex, diabetes mellitus, and high body
mass index, small amount of sleep (vs. 6-8 hours; OR=6.64, 95%
Cl1=1.88, 23.49 ) was associated with an increased risk of OPLL.
On the other hand, long sleeping hours (9 hours or longer)
showed an increased OR (vs. 6-8 hours; OR=1.68, 95% CI=0.36,
7.79) and an adjusted OR greater than the unity (vs. 6-8 hours;
OR=2.54, 95% CI=0.47, 13.65) but neither of them became a sig-
nificant risk factor.

The participants also answered questions about their present
drinking and smoking habits (Table 3). Current smokers did not
differ between the two groups (40.0% vs. 30.4%, p=0.18:
OR=1.56, 95% CI=0.81, 2.85). However, after adjusting for con-
founding factors such as age, sex, diabetes mellitus, and high
body mass index, smoking showed an increased OR (OR=1.68,
95% CI=0.78, 3.63), but it did not reach significance. On the
other hand, current drinkers were less common in the OPLL
patients than in controls (30.3% vs. 64.2%, p<0.01: OR=0.29,
95%Cl=0.15, 0.57). Even after adjusting for confounding fac-
tors such as age, sex, diabetes mellitus and high body mass index,
current drinkers were less common among OPLL patients than
among controls (OR=0.35, 95% CI=0.17, 0.75).

DISCUSSION

The present study showed that bad sleeping habits in the prime of
life were associated with an increased risk of OPLL though the
average age of onset of OPLL is around 50 years.* In the present
study, moderate amount of sleep and regular sleeping habit in the
prime of life were associated with a decreased risk of OPLL.
These findings suggest that good sleeping habits in the prime of
life may help prevent the development of OPLL.

In the present study, insufficient or excessive sleeping hour was
more prevalent among OPLL patients than controls. Of the OPLL
patients from the category who slept either too little or too much,
80% belonged to the former, whereas for the controls, this figure
was 50%. Even after adjusting for other factors, small amount of
sleep (5 hours or shorter) was associated with an increased risk of
OPLL. On the other hand, sleeping long hours (9 hours or longer)
showed an adjusted OR greater than the unity, but failed to
become a significant risk factor. These findings suggest that
sleeping few hours may be arisk factor for OPLL.

Although cigarette smoking and alcohol consumption are

reported to have a negative relation to sleep duration,® neither of
these showed a significant relationship to the development of
OPLL in the present study. In the present study, therefore, we did
not adjust for smoking or drinking when evaluating the associa-
tion between sleeping habits and the risk of OPLL.

The mechanism by which OPLL develops in persons with bad
sleeping habits is still unclear. Chronic sleep deprivation predis-
poses to metabolic syndromes.” Because diabetes mellitus,**?
glucose intolerance,2 and high body mass index'**2 are reported as
risk factors for OPLL, the insulin-resistance caused by bad sleep-
ing habits may play arole in the development of OPLL. In the
present study, however, even after statistical adjustment for dia-
betes mellitus and high body mass index, good sleeping habits
such as sleeping an adequate but not excessive number of hours,
and regular sleeping habit were associated with a decreased risk
of OPLL.

Gonzalez-Ortiz et al.* reported that 24-hour sleep deprivation
decreased the insulin-sengitivity in healthy subjects. In addition,
Spiegel et al.* demonstrated that glucose tolerance decreased in
the sleep-debt conditions. Furthermore, Vgontzas et al.* pointed
out that the indexes of sleep-disordered breathing were positively
correlated with visceral fat but not body mass index among sleep-
apnea patients. These findings and the results of the present study
suggest that bad sleeping habits may cause insulin resistance,
which may play an important role in the development of OPLL.

In the present study, current alcohol drinkers were less common
in OPLL patients than controls even after adjusting for confound-
ing factors such as diabetes mellitus and high body mass index.
This result, however, should be interpreted with caution. First, the
onset of the symptoms of OPLL is insidious and the progression
is very slow in most cases.®* Second, in the present study, the pro-
portion of current drinkers in the prime of life did not differ
between OPLL patients and controls. In addition, the case control
study by Nakamura et al.* demonstrated that the proportion of
drinkers who drank more than once aweek did not differ between
OPLL patients and controls. Furthermore, hangover in the prime
of life was associated with an increased risk of OPLL before
adjusting for confounding factors. We cannot deny the possibility
that OPLL patients may have stopped drinking after the onset of
their diseases. Further studies are needed to obtain a more accu-
rate answer to this question.

Nakamura et al.® reported that smoking showed an OR greater
than unity (OR = 1.31, 95% CI = 0.77, 2.23) but did not reach sig-
nificance. In the present study, smoking showed an increased OR
(OR=1.68) but was not a significant risk factor, either. Our result
was consistent with the result of the case control study by
Nakamura et al.®* Further studies with large subject samples are
required in order to evaluate the association between OPLL and
smoking habit.

There are certain limitations to our study. First, our study is not
free from information bias. OPLL patients may be more likely
than controls to remember details of their lifestyles in the prime
of life. In the present study, however, leisure time physical exer-
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cise, smoking and drinking in the prime of life were not associat-
ed with an increased risk of OPLL. In contrast, good sleeping
habits such as sleeping a moderate number of hours and going to
sleep and waking at regular hoursin the prime of life were associ-
ated with a decreased risk of OPLL. These findings suggest that
sleeping habits in the prime of life may be a more important fac-
tor than leisure time physical exercise, smoking or drinking in
terms of the risk of OPLL in the prime of life.

Second, we obtained information about life style only in the
prime of life and after the diagnosis of OPLL. Therefore, in the
present study, we could not evaluate life style just before the diag-
nosis of OPLL. However, the average age of onset of OPLL is at
around 50 years and the onset of the symptoms is insidious and
progression is very slow. For these reasons, we suspected that life
styles in the prime of life (between 30 and 50 years) may play the
most prominent role in the development of OPLL.

Third, we did not obtain information about their activities of
daily living (ADL). In the present study, however, the degree of
disability in ADL may be similarly light among the patients
because the progression of OPLL is very slow in most cases® and
all the patients were diagnosed as having the disease within 3
years.

Fourth, we matched controls to each case for sex and age only
and not for proximity of residence. Although both OPLL patients
and controls lived in Hokkaido prefecture, we cannot definitively
deny that OPLL patients may have had different life styles from
controls because they lived in towns other than the town where
the health checkup was conducted.

Fifth, controls were recruited from participants in the town
where the health checkup was conducted, and as such they may
have been more health conscious than their OPLL counterparts. In
order to confirm the result of the present study, we need to per-
form another case-control study in which the patients and controls
are recruited in the same hospital.

Last, although OPLL is thought to be a multifactorial disease in
which complex environmental and genetic factors interact,® we
did not evaluate the genetic factorsin this paper.

On the other hand, our study has its strength as well. To the
best of our knowledge, this case-control study is the first study to
demonstrate an association between sleeping habits and OPLL.

In summary, the present study revealed that good sleeping
habits in the prime of life such as sleeping a moderate number of
hours and regular sleeping times were associated with a decreased
risk for OPLL, while leisure time physical exercise, smoking and
drinking in the prime of life did not show any meaningful relation
to OPLL. The results of the present study suggest that bad sleep-
ing habits in the prime of life may be a more important factor to
increase the risk of OPLL than leisure time physical exercise,
smoking or drinking in the prime of life. Since sleeping a moder-
ate number of hours is negatively associated with mortality of all
causes,** good sleeping habits (i.e., going to bed and rising at
approximately the same time everyday and sleeping for between 6
to 8 hours a day) should be recommended not only for the preven-

tion of OPLL but also for longevity.

Part of this work was presented at the 13th annual meeting of
Japan Epidemiological Association (January, 2003, Fukuoka,

Japan).
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APPENDIX

Members of the Japan Collaborative Epidemiological Study
Group for Evaluation of Ossification of the Posterior Longitudinal
Ligament of the Spine (OPLL) Risk listed in aphabetical order
for each affiliation: Hiroyuki Ohmori (Department of Public
Health, Asahikawa Medical College), Masahiro Kokaji, Kiyoshi
Kaneda (Center for Occupational Disorders and Injuries of the
Spine, Bibai Rosai Hospital), Akira Hata (Department of Public
Health, Chiba University Graduate School of Medicine),
Motoyuki Shundo, Takeshi Masuda (Eniwa Hospital), Hiroyuki
Anbo, Itaru Oda, Kyohichi Hasegawa (Hokkaido Orthopedics
Memorial Hospital), Kazusa Shiozaki (Ito Orthopedics Hospital) ,
Hisashi Y oshimoto (Kitami Kobayashi Hospital), Takeshi Maeda
(Department of Orthopedic Surgery, Kyushu University Graduate
School of Medicine), Yoshimitsu Osawa, Hideo Watanabe
(Nagoya Daiichi Red Cross Hospital), Makoto Kondo[l NTT East
Japan Sapporo Hospital , Makoto Sugawara (Matsuda
Orthopedics Hospital), Toshinori Nakao , Gou Takayama (Saga
Insurance Hospital), Katsuhiro Aita, Takao Hotokebuchi
(Department of Orthopedic Surgery, Saga Medical School),
Toyoko Asami (Rehabilitation Center, Saga Medical School
Hospital), and Shin-ichi Jokin (Shin-nittetsu Muroran Hospital).



