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and Disease Severity in Early-Onset
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Abstract

Study Design: A sex- and age-matched case-control study and a cross-sectional study.

Objective: In our previous study, patients with early-onset (<50 years of age) ossification of the posterior longitudinal ligament
(OPLL) had distinct features such as morbid obesity, a high prevalence of lifestyle-related diseases, and diffuse ossified lesions
mainly affecting the thoracic spine. Our goals were to determine whether early-onset OPLL patients have unbalanced dietary
habits and to identify nutritional factors associated with OPLL exacerbation.

Methods: In Study 1, the simple brief-type self-administered diet history questionnaire (BDHQ) was used to compare nutrient
intake levels of early-onset OPLL patients (n¼ 13) with those of sex- and age-matched non-OPLL controls (n¼ 39) or with those
of common OPLL (onset age� 50 years, n¼ 62). In Study 2, serological validation was conducted for thoracic OPLL patients (n¼
77) and non-OPLL controls (n ¼ 101) in a nationwide multicenter study in Japan.

Results: The BDHQ showed that the early-onset OPLL patients had significantly lower intakes of vitamins A and B6 than non-
OPLL controls. These results were validated by lower serum vitamins A and B6 levels in the early-onset thoracic OPLL patients.
The severity of OPLL negatively correlated with serum vitamin A levels in male early-onset OPLL patients. The multiple
regression analysis revealed that the severity of thoracic OPLL had an association with onset age and serum vitamin A level.

Conclusions: Vitamin A deficiency resulting from unbalanced dietary habits is associated with exacerbation of male early-
onset OPLL.
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Introduction

Heterotopic ossification of the posterior longitudinal ligament

of the spine (OPLL) is a common skeletal disorder in East

Asian countries. OPLL patients develop various degrees of

myelopathy as well as ankylosis of the spine, but effective drug

therapy has not been established. Epidemiological and familial

studies have suggested that OPLL is a multifactorial disease in

which complex genetic (polygenic) and non-genetic (environ-

mental) factors interact1-3; however, its etiology remains

unclear.

OPLL commonly develops in the cervical spine when

patients are in their 50 s and 60s,2,3 but it occurs rarely at

50 years of age or younger. Our previous study found that

patients with early-onset OPLL (<50 years of age) had distinct

features such as more severe obesity (body mass index [BMI]

> 35 kg/m2) as well as diffuse heterotopic ossification of the

spinal ligaments mainly affecting the thoracic spine, compared

to patients with common OPLL (onset at � 50 years of age).4

Given that a higher prevalence of micronutrient deficiencies in

obese individuals is associated with an increased risk of chronic

diseases,5 it could be assumed that unbalanced dietary habits or

nutritional conditions are associated with the development or

exacerbation of OPLL especially in obese patients with early-

onset OPLL.

Dietary habits have been thought to be a causative or aggra-

vating factor for OPLL. Racial differences in the incidence of

OPLL and higher prevalence of life-related diseases such as

diabetes and obesity in OPLL patients support this idea. Some

studies reported that OPLL patients prefer plant protein to ani-

mal protein in comparison with non-OPLL controls,6 but there

is no conclusive proof of this observation. Dietary factors asso-

ciated with the development or progression of OPLL should be

investigated by well-designed studies. The aims of this study

were to determine whether early-onset OPLL patients had

unbalanced dietary habits and to identify nutritional factors

associated with the exacerbation of OPLL. This study

addresses the need for dietary care in patients with OPLL and

helps identify a therapeutic target to prevent progression of

OPLL.

Materials and Methods

Study Design

The present study was composed of a sex- and age-matched

case-control study and a cross-sectional study. All patients

were enrolled between June 2017 and September 2019. The

investigation consisted of 2 nutritional surveillance studies: a

self-administered diet history questionnaire (Study 1) and a

serological validation test (Study 2). This study was conducted

in accordance with the Declaration of Helsinki (1964) and

approved by the institutional ethical review board (approval

number: 16-059). Each patient participating in this study pro-

vided informed consent.

Study 1: Self-Administered Diet History Questionnaire

Patients and controls. A total of 131 Japanese patients with

OPLL who regularly visited the Hokkaido University Hospital

and affiliated hospitals were recruited. All patients were diag-

nosed with OPLL by either neurosurgeons or orthopedic spine

surgeons, according to radiologic examinations and clinical

symptoms. Patients with congenital skeletal disorders, preg-

nancy, and autoimmune diseases were excluded. Patients with

gastrointestinal disorders, including inflammatory bowel dis-

eases and those with cancer and severe paralysis who had dif-

ficulty eating food were also excluded. The analysis excluded

data from patients older than 80 years, those who were taking

any dietary supplement, and those who had declared significant

changes in their dietary habits during their lives or after OPLL

diagnosis or surgery. The final decision concerning the inclu-

sion or exclusion of cases and controls was made by 2 board-

certified spine surgeons (TE, MT).

After 56 patients had been excluded, the data of 75 eligible

OPLL patients were analyzed. Eligible patients were divided

into 2 groups, according to the age at symptom onset: the early-

onset OPLL group (age < 50 years) (n ¼ 13) and the common

OPLL group (age � 50 years) (n ¼ 62). In total, 39 non-OPLL

controls were matched for sex and age (+ 3 years) to the early-

onset OPLL group. The controls were randomly selected from

patients who regularly visited or were admitted to our institu-

tions and had no ossification of the spinal ligaments in the

historical database of our institutions.

Demographics, comorbidities, and OPLL severity. Current BMI,

comorbidities, and smoking habits were assessed. OPLL dis-

tribution (i.e., cervical and/or thoracic and/or lumbar spine), the

presence or absence of coexisting ossification of the ligamen-

tum flavum (OLF), age at symptom onset, treatment type (i.e.,

conservative or surgical), and family history of OPLL were

recorded from OPLL patients.

Diet History Questionnaire. Dietary habits and nutrient intake

levels were assessed using the simple brief-type self-

administered diet history questionnaire (BDHQ).7-11 The

BDHQ comprises 58 questions regarding food, beverage, and

seasoning consumption during the preceding month, which

enables the estimation of total energy intake and micronutrient

intake. The items in the BDHQ were selected to represent

products commonly consumed by Japanese people.
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Study 2: Serological Validation of the Nutritional
Questionnaire and Correlation Analysis and Multiple
Regression Analysis Between Nutritional Factors and
OPLL Severity

Patients and controls. Due to the rarity of the disease, it was

expected that a single-center would not be able to recruit a

sufficient number of early-onset OPLL patients; hence, we

conducted a serological validation in a nationwide multicenter

study in Japan. Because all early-onset OPLL patients had

OPLL in the thoracic spine in Study 1, a total of 306 thoracic

OPLL (T-OPLL) patients were recruited for Study 2. Since

there is a possibility that dietary habits and nutritional condi-

tions have changed in patients who have had OPLL for a long

time, 77 eligible T-OPLL patients within 3 years of onset (32

men, 45 women) were included in the survey. That is, in Study

2, the difference between the age at symptom onset and the

current age was within 3 years. In total, 101 non-OPLL controls

were recruited. The inclusion and exclusion criteria for cases

and controls were the same as those in Study 1.

Determination of serum vitamin A and vitamin B6 levels. Levels of
serum vitamin A (retinol) (mg/dL) and vitamin B6 (pyridoxal-

5-phosphate) (ng/mL) were measured using high-performance

liquid chromatography (HPLC) at SRL Inc. (Tokyo, Japan).

The preferred serum level of vitamin A for adults is 32.5 to

78.0 mg/dL. Asymptomatic deficiency is possible with 10.0 to

20.0 mg/dL. Severe deficiency is indicated at levels less than

10.0 mg/dL.12-15 Adults with proper nutrition have serum vita-

min B6 levels of 5 to 50 ng/mL.12,16-18

Semi-quantitative evaluation of OPLL severity. To examine the

association between serum vitamin levels and the ossification

severity, the distribution of spinal ligamentous ossification,

including OPLL, OLF, ossification of the anterior longitudinal

ligament (OALL), and ossification of the supra/interspinous

ligament (OSIL), was evaluated using whole-spine computed

tomography (CT). To determine the severity of spinal ossifica-

tion, the OPLL-, OLF-, OALL-, and OSIL-indices (defined as

the sum of ossification prevalence at each vertebral body and

intervertebral disc level) were calculated, according to a pre-

viously described method19 with a slight modification. Mas-

sive, ossified regions (thickness � 5mm) were scored twice at

each level. The analysis was performed independently by 3

board-certified spine surgeons (TE, MT, YH).

Statistical Analysis

Statistical analysis was performed using Bell Curve for Excel

software version 3.10 (Social Survey Research Information

Co., Ltd., Tokyo, Japan). Data are presented as the mean +
standard deviation (SD). P-values < 0.05 were considered sta-

tistically significant. The distribution of values was identified

as not normal except for serum vitamin A. Differences in serum

vitamin A levels between groups were analyzed using Stu-

dent’s t-test. The Mann-Whitney test and Fisher’s exact test

were used to compare the groups for the other values. Pearson’s

correlation coefficient was used for the correlation analysis of

serum vitamin levels and variables including ossification

severity. The association of factors affecting the severity of

thoracic OPLL was performed by multiple regression analysis.

Results

Study 1: Nutritional Surveillance by BDHQ

Baseline characteristics of the OPLL patients. Clinical characteris-
tics of the 3 groups are shown in Table 1. The common OPLL

group had an inconsistent disease background (i.e. current age,

major areas of heterotopic spinal ligament ossification, and the

severity of myelopathy); the majority of patients in this group

comprised the elderly population. As it was difficult to imagine

Table 1. Clinical Characteristics of the OPLL Groups.

Variable
Non-OPLL
(n ¼ 39)

Early-onset
OPLL (n ¼ 13)

Common
OPLLa (n ¼ 62)

Current age (years) 51.1 + 8.7 50.8 + 9.2 67.6 + 8.2
Age range (%):
30–39 years 7.7 7.7 0
40–49 years 30.7 30.7 1.5
50–59 years 46.1 46.1 15.8
60–69 years 15.4 15.4 33.3
70–79 years 0 0 49.4
% Male 61.5 61.5 50.0

Disease status:
Co-existence
rate (%):
OLF 38.5 14.2
Cervical OPLL 69.2 89.2
Thoracic OPLL 100 35.7
Lumbar OPLL 38.5 12.5

Age at onset of
symptoms (years)

41.3 + 5.8 57.1 + 9.4

Family history of
OPLL (%)

0 8.3 14.7

Current BMI (kg/m2) 23.2 + 4.1 34.2 + 6.7 ** 25.6 + 6.0
Comorbidity (%):
Myocardial
infarction

0 0 3.2

Angina pectoris 0 0 4.8
Arrhythmia 5.2 7.6 4.8
Hypertension 15.7 53.8 * 43.5
Hyperlipidemia 21.0 30.7 22.5
Diabetes mellitus 5.2 15.4 24.1
Cancer 0 0 11.2
Renal disease 0 7.6 3.2
Gout 10.5 7.6 8.0

Smoking habits (%) 27.7 53.8 48.3

Data are shown as mean + SD or as percentage. P-values refer to the early-
onset OPLL group vs. the non-OPLL group. *: P < 0.05, **: P < 0.001.
a: Common OPLL includes patients with OPLL other than early-onset OPLL.
The data were analyzed as reference values, due to the inconsistency of these
patients’ disease background: i.e. current age, primary region of heterotopic
spinal ligamentous ossification, and the severity of myelopathy varied.
OPLL, ossification of the posterior longitudinal ligament; OLF, ossification of
the ligamentum flavum; BMI, body mass index.
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that the dietary habits of the elderly were similar to those of the

young, we considered that comparing eating habits between the

groups would be inappropriate due to the age bias. The data of

the common OPLL group were analyzed as reference values.

The prevalence of OPLL in the thoracic and lumbar spine in the

early-onset OPLL group (100% and 38.5%, respectively) was

higher than in the common OPLL group (35.7% and 12.5%,

respectively). Current BMI in the early-onset OPLL group was

significantly higher than that in the common OPLL and non-

OPLL groups.

Daily energy and micronutrient intakes estimated from the BDHQ.
Comparative BDHQ-derived data concerning nutritional intake

levels and food preferences are shown in Table 2 and Table 3,

respectively. Despite a higher prevalence of severe obesity in

the early-onset OPLL group, total energy intake was not sig-

nificantly different among the 3 groups. Among 99 kinds of

micronutrients, the intake levels of potassium, calcium, retinol,

b-carotene, b-carotene equivalents, vitamin A (retinol equiva-

lents), vitamin B6, and alcohol were significantly lower in the

early-onset OPLL group than in the non-OPLL group.

Study 2-1: Serological Validation

Baseline characteristics and disease status of the participants.
Homeostasis of serum potassium and calcium is strictly main-

tained by the kidney, skeletal muscle and bone, etc. while

electrolyte metabolism is strongly affected by factors other

than diet. Conversely, intake of vitamins A and B6 is directly

affected by diet, as vitamins are not synthesized in vivo. We

speculated that a lack of intake or a reduced storage of these

vitamins in the body is likely to positively affect heterotopic

bone formation. We conducted a serological validation in a

nationwide multicenter study in Japan.

Table 2. Daily Energy and Micronutrient Intakes of the OPLL Groups.

Variable (/day) Non-OPLL (n ¼ 39) Early-onset OPLL (n ¼ 13) Common OPLL a (n ¼ 62)

Energy kcal 1800.2 + 448.9 1661.5 + 574.2 1885.9 + 590.9
Protein g 65.4 + 18.9 55.6 + 20.8 72.9 + 27.5
Animal protein g 37.2 + 14.5 31.7 + 11.9 42.4 + 20.8
Plant protein g 28.2 + 7.9 27.2 + 8.6 29.9 + 10.2
Carbohydrate g 234.6 + 73.2 208.3 + 102.3 230.3 + 84.1
Na mg 3877.74 + 1156.6 3635.9 + 1214.0 4200.7 + 1515.6
K mg 2357.8 + 771.6 1757.4 + 715.6 * 2663.8 + 1082.8
Ca mg 486.4 + 182.9 344.3 + 168.4 * 558.9 + 238.9
Mg mg 234.1 + 70.6 184.8 + 66.5 256.7 + 97.5
P mg 976.6 + 283.1 782.2 + 292.4 1063.7 + 406.1
Ze mg 7.5 + 2.1 6.7 + 2.7 8.0 + 2.8
Cu mg 1.0 + 0.2 0.9 + 0.3 1.1 + 0.4
Mn mg 2.7 + 0.8 2.9 + 1.2 2.8 + 1.1
Retinol mg 364.8 + 212.9 226.7 + 158.1 * 370.6 + 244.3
b-Carotene equivalents mg 3374.2 + 1817.1 2114.3 + 1663.7 * 4049.7 + 3269.3
Vitamin A (retinol equivalents) mg 649.5 + 258.7 406.4 + 243.4 ** 712.1 + 416.3
Vitamin D mg 11.5 + 7.0 7.6 + 3.9 14.6 + 12.0
a-Tocopherol mg 7.0 + 2.0 6.1 + 2.5 7.7 + 3.2
Vitamin K mg 302.9 + 166.7 246.3 + 109.3 358.3 + 214.1
Vitamin B1 mg 0.7 + 0.2 0.6 + 0.2 0.8 + 0.3
Vitamin B2 mg 1.2 + 0.4 1.0 + 0.4 1.3 + 0.5
Niacin mg 16.7 + 5.9 13.2 + 5.3 18.0 + 7.5
Vitamin B6 mg 1.1 + 0.4 0.8 + 0.3 ** 1.3 + 0.5
Vitamin B12 mg 8.1 + 4.0 5.7 + 3.3 10.3 + 8.2
Folic acid mg 310.7 + 112.3 239.7 + 101.5 341.7 + 154.8
Pantothenic acid mg 6.2 + 1.8 5.0 + 1.7 6.7 + 2.6
Cholesterol mg 385.0 + 136.9 329.6 + 151.2 411.3 + 194.7
Salt equivalent g 9.8 + 2.9 9.1 + 3.0 10.6 + 3.8
Sucrose g 16.4 + 11.2 15.6 + 9.3 16.3 + 10.8
Alcohol g 12.8 + 18.6 1.3 + 2.9 ** 16.4 + 31.4
Daidzein mg 11.3 + 8.7 10.5 + 7.8 14.1 + 11.0
a-Carotene mg 327.6 + 253.7 263.3 + 258.3 444.6 + 480.6
b-Carotene mg 3046.0 + 1690.9 1900.1 + 1475.5 * 3652.7 + 2970.9
Cryptoxanthin mg 323.6 + 298.1 158.2 + 165.6 351.8 + 370.9

Data are shown as mean + SD. P-values refer to the early-onset OPLL group vs. the non-OPLL group. *: P < 0.05, **: P < 0.01.
a: Common OPLL includes patients with OPLL other than those in the early-onset OPLL group. The data were analyzed as reference values, because their disease
background was inconsistent; i.e. the age at onset of symptoms, primary region of heterotopic spinal ligamentous ossification, and the severity of myelopathy
varied.
OPLL, ossification of the posterior longitudinal ligament.
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Clinical characteristics of the T-OPLL and non-OPLL

groups are shown in Table 4. The mean current age of the T-

OPLL groups was 52.2+ 12.9 years for men and 55.6+ 10.7

years for women. The proportion of early-onset patients aged

50 years or younger was 46.8% (n ¼ 15) in men and 26.6% (n

¼ 12) in women. T-OPLL patients have a higher current BMI

than that in non-OPLL controls. Current BMI in the non-OPLL

group was comparable to the average BMI of the general Japa-

nese population (men, 23.7 kg/m2; women, 22.4 kg/m2).20 The

prevalence of hypertension and diabetes mellitus in the T-

OPLL group was significantly higher than that in the non-

OPLL group regardless of sex, whereas the prevalence of

hyperlipidemia was significantly higher in the female T-

OPLL group than in the non-OPLL group.

Comparison of the serum vitamin a and vitamin b6 levels in the T-
OPLL and non-OPLL groups. We compared serum levels of vita-

min A and vitamin B6 between the T-OPLL and non-OPLL

groups by age at the time of investigation (< 50 years vs. � 50

years). The serum vitamin A and vitamin B6 levels were sig-

nificantly lower in the T-OPLL group than in the non-OPLL

Table 3. Daily Food Intakes of the OPLL Groups.

Variable (g/day)
Non-OPLL
(n ¼ 39)

Early-onset
OPLL (n ¼ 13)

Common
OPLL a

(n ¼ 62)

Low fat milk 51.0 + 93.2 5.0 + 15.4 50.0 + 80.4
Normal fat milk 52.7 + 81.2 55.6 + 69.5 76.0 + 77.3
Pork and beef 33.8 + 20.8 38.4 + 28.9 40.8 + 38.2
Ham 7.0 + 5.5 10.5 + 10.2 12.3 + 13.6
Liver 0.9 + 1.4 0.2 + 0.7 0.5 + 1.2
Squid, octopus,
shrimp, shellfish

9.4 + 8.2 11.4 + 15.1 13.5 + 14.0

Bone-in fish 6.4 + 13.8 3.7 + 4.1 5.3 + 9.9
Canned tuna 2.5 + 2.4 2.1 + 2.7 2.1 + 2.8
Dried fish 12.7 + 16.4 11.4 + 9.7 21.9 + 33.1
Fatty fish 15.3 + 19.2 6.1 + 6.0 23.2 + 36.3
Lean fish 16.0 + 15.0 8.0 + 6.2 19.1 + 17.0
Egg 36.7 + 22.8 37.8 + 23.3 45.4 + 30.3
Tofu and aburaage 29.2 + 27.7 27.3 + 24.8 39.9 + 37.5
Natto (fermented
soybeans)

10.5 + 13.3 16.2 + 16.7 21.4 + 25.0

Potato 33.9 + 24.0 22.3 + 15.6 43.1 + 35.3
Pickles (green
leafy vegetables)

7.5 + 8.4 3.4 + 3.3 10.1 + 13.2

Pickles (other) 4.4 + 7.3 5.2 + 5.6 8.8 + 12.6
Draft (lettuce and
cabbage)

19.3 + 18.4 22.6 + 13.4 37.9 + 28.6

Green leafy
vegetables

32.6 + 24.3 21.0 + 18.6 47.0 + 47.2

Cabbage 30.2 + 21.0 23.2 + 26.9 39.2 + 32.8
Carrot and
pumpkin

11.4 + 9.8 13.9 + 13.8 23.3 + 25.9

Daikon radish and
turnip

12.7 + 12.2 18.0 + 20.6 23.9 + 30.1

Root vegetables 27.2 + 15.8 23.6 + 24.3 41.0 + 39.3
Tomato 16.6 + 18.5 15.2 + 18.0 20.6 + 28.4
Mushrooms 8.8 + 7.8 7.5 + 6.3 11.0 + 12.9
Seaweed 7.4 + 7.8 3.5 + 3.2 11.5 + 10.5
Western
confectionery

47.1 + 37.9 24.1 + 24.6 35.9 + 34.9

Japanese
confectionery

7.2 + 9.5 10.7 + 11.3 9.1 + 10.3

Senbei (rice
cracker)

9.0 + 9.5 5.6 + 5.0 11.0 + 12.2

Ice cream 22.3 + 29.4 14.1 + 12.5 14.1 + 19.0
Citrus 20.3 + 26.1 18.3 + 22.7 25.3 + 36.8
Persimmon and
strawberry

12.4 + 20.7 5.7 + 6.2 16.5 + 26.3

Other 22.4 + 28.4 15.4 + 24.2 37.7 + 33.9
Mayonnaise 5.9 + 4.8 7.8 + 5.2 8.0 + 7.8
Bread 36.3 + 24.6 48.6 + 30.1 50.7 + 37.5
Buckwheat
noodles

14.0 + 12.5 16.9 + 15.0 16.6 + 16.2

Udon noodles 17.8 + 14.7 14.6 + 14.2 16.5 + 16.4
Ramen 22.9 + 25.1 27.1 + 35.1 18.4 + 26.7
Pasta 15.1 + 13.8 17.5 + 17.2 12.2 + 12.0
Green tea 146.7 + 193.4 231.7 + 261.1 186.5 + 217.7
Black tea and
oolong tea

99.4 + 178.9 190.4 + 216.8 69.0 + 136.4

Coffee 211.0 + 190.5 251.8 + 251.2 261.1 + 198.8
Coke 67.4 + 107.8 54.5 + 70.1 64.3 + 134.5

(continued)

Table 3. (continued)

Variable (g/day)
Non-OPLL
(n ¼ 39)

Early-onset
OPLL (n ¼ 13)

Common
OPLL a

(n ¼ 62)

100% natural juice 50.8 + 102.2 4.7 + 10.0 74.8 + 139.2
Sugar 1.6 + 3.6 3.3 + 5.2 2.4 + 4.4
Rice 222.7 + 130.5 261.1 + 177.0 228.9 + 139.7
Miso soup 112.8 + 89.2 85.4 + 52.1 147.8 + 121.0
Japanese sake 7.1 + 22.2 0.8 + 3.2 24.6 + 70.4
Beer 132.5 + 257.9 23.1 + 66.7 54.0 + 145.4
Shochu 7.0 + 15.8 1.1 + 4.0 31.3 + 70.8
Whiskey 4.0 + 14.2 0 5.7 + 22.8
Wine 12.4 + 33.8 1.3 + 4.9 14.8 + 51.4
Raw fish 14.3 + 12.2 12.3 + 13.1 18.5 + 18.2
Grilled fish 25.8 + 21.2 16.7 + 15.9 39.5 + 39.8
Boiled fish 48.6 + 48.7 40.9 + 25.6 88.0 + 68.6
Tempura and
deep-fried fish

17.0 + 28.9 17.8 + 19.8 18.6 + 19.3

Yakiniku 22.5 + 17.3 34.4 + 28.0 23.8 + 30.3
Hamburger steak 39.7 + 28.1 54.8 + 32.4 29.6 + 24.6
Deep-fried dishes 22.8 + 22.0 39.8 + 41.5 22.7 + 19.6
Stir-fried dishes 48.0 + 31.3 54.6 + 46.0 58.3 + 45.2
Simmered dish 72.5 + 50.0 63.1 + 38.0 62.8 + 58.6
Noodles and soup 80.3 + 37.5 86.8 + 67.2 74.4 + 54.6
Amount of soy
sauce

1.6 + 0.4 1.8 + 0.5 1.5 + 0.5

Cooking salt 2.7 + 1.1 2.8 + 0.9 3.3 + 1.2
Cooking oil 10.2 + 5.7 13.5 + 6.4 10.7 + 5.9
Cooking sugar 2.5 + 1.4 2.1 + 0.8 3.1 + 1.7

Data are shown as the mean + SD.
a: Common OPLL includes patients with OPLL other than early-onset OPLL.
The data were analyzed as reference values, because their disease background
was inconsistent; i.e. current age, primary region of ectopic spinal ligamentous
ossification, and severity of myelopathy varied.
OPLL, ossification of the posterior longitudinal ligament.
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group, regardless of sex and age, except for serum vitamin A

levels in women over 50 years old (Figure 1). The serum vita-

min A and vitamin B6 levels in the man T-OPLL patients

showed a negative correlation with current BMI (Table 5).

By contrast, serum vitamin A and vitamin B6 levels in the

non-OPLL group did not correlate with BMI, regardless of sex

(Table 5).

Study 2-2: The Severity of the Heterotopic Ossification of
the Spinal Ligaments and its Correlation With Serum
Vitamin A and Vitamin B6 Levels

We then analyzed the correlations between serum vitamin A

and vitamin B6 levels and the severity of the spinal ligamen-

tous ossification (Figure 2). In male patients, serum vitamin A

levels negatively correlated with the severity of the T-OPLL

index (Table 6). Serum vitamin A level in patients under 50

years of age showed a stronger negative correlation with the T-

OPLL index than in patients over 50 years of age (Table 7).

Serum vitamin B6 levels also negatively correlated with the

total ossification index, the OALL-index, and T-OALL-index

(Table 6). In patients over 50 years of age, serum vitamin B6

level negatively correlated with the T-OALL index, but that in

patients below 50 years of age positively correlated with the T-

OALL index (Table 7). In female patients, serum vitamin A

levels did not correlate with the OPLL index. Serum vitamin

B6 level positively correlated with the cervical OALL-index

(Table 6). In patients over 50 years of age, serum vitamin B6

level negatively correlated with the T-OALL-index, but that in

patients below 50 years of age did not correlate with the

T-OALL-index (Table 7).

Study 2-3: The Association of Exacerbating Factors
Affecting the T-OPLL Severity

Finally, we performed a multiple regression analysis to identify

factors for the severity of T-OPLL (Table 8). In male patients, a

significant association with the T-OPLL index was found in

age at onset of symptoms (P ¼ 0.012) and serum vitamin A

level (P ¼ 0.041) (adjusted coefficient of determination [R2]:

0.332, variance inflation factor [VIF]): 1.11). In female

patients, no significant association with the T-OPLL index was

found.

Discussion

We found that unbalanced dietary habits in patients with early-

onset OPLL are associated with the development or exacerba-

tion of OPLL. Among the 99 micronutrients evaluated,

potassium, calcium, vitamin A, and vitamin B6 were identified

as deficient in patients with early-onset OPLL relative to non-

OPLL controls. Previous studies reported that patients with

cervical OPLL prefer salt-rich and/or plant protein-rich

diets6,21; however, such preferences were not observed in this

study either in patients with common cervical OPLL or early-

onset OPLL.

The lower dietary intake of vitamins A and B6 in patients

with early-onset OPLL was serologically verified. In T-OPLL

patients below 50 years of age, serum vitamin A and vitamin

B6 levels were significantly lower than those in the non-OPLL

controls regardless of sex. Especially in male patients, young

age of onset and low serum vitamin A levels were associated

with the severity of T-OPLL. These results supported the pos-

sibility that vitamin A deficiency resulting from unbalanced

Table 4. Clinical Characteristics of Patients With the Thoracic OPLL in a Nationwide Multicenter Study in Japan.

Variable Non-OPLL man (n ¼ 52) T-OPLL man (n ¼ 32) Non-OPLL woman (n ¼ 49) T-OPLL woman (n ¼ 45)

Current age (years) 52.6 + 11.9 52.2 + 12.9 53.9 + 10.9 55.6 + 10.7
Age range (%):
� 40 years 19.2 21.8 10.2 8.8
41–49 years 26.9 28.1 22.4 20.0
50–59 years 21.1 18.7 30.6 31.1
60–69 years 26.9 25.0 28.5 31.1
70–79 years 5.7 6.2 8.1 8.8

Age at onset of symptoms (years) 50.9 + 12.8 55.2 + 10.7
Rate of early-onset OPLL 46.8 26.6
Operation for T-OPLL (%) 76.7 50.0
Family history of OPLL (%) 0 15.6 * 0 4.4
Current BMI (kg/m2) 24.3 + 4.1 30.3 + 7.7 ** 21.4 + 2.7 29.9 + 6.3 yy

Comorbidity (%):
Myocardial infarction 2.0 3.1 0 2.2
Angina pectoris 0 3.1 0 2.2
Hypertension 28.0 59.3 * 6.8 48.8 yy

Hyperlipidemia 22.0 21.8 2.2 42.2 yy

Diabetes mellitus 8.0 46.8 ** 0 45.4 yy

Data are shown as the mean + SD or as the percentage. P-values refer to the T-OPLL group vs. the non-OPLL group. *: P < 0.01, **: P < 0.001, y: P < 0.01, yy:
P < 0.001.
OPLL, ossification of the posterior longitudinal ligament; T-OPLL, thoracic OPLL; BMI, body mass index.
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dietary habits is associated with the development or progres-

sion of OPLL in early-onset OPLL patients.

Lower serum vitamin A level accelerates the progress of

heterotopic ossification through enhancing endochondral ossi-

fication. This idea is supported by the following observations:

1) retinoic signaling is a strong chondrogenesis inhibitor22,23;

and 2) nuclear retinoic acid receptor agonists suppress hetero-

topic ossification through the inhibition of endochondral ossi-

fication24-26 and OPLL occurs through endochondral

ossification of the hypertrophied fibrous tissue.27 Thus, vitamin

A deficiency might attenuate the suppressive effect on the

OPLL exacerbation. Vitamin A deficiency is also associated

with chronic inflammation and insulin resistance,28 and it has

been speculated that insulin resistance is involved in OPLL

exacerbation.29,30 Interestingly, in the 1980s, some case series

reported that patients receiving long-term 13 cis-retinoic acids

for psoriasis often developed heterotopic spinal ossification

(OALL or OPLL),31-33 indicating that excessive vitamin A

intake promotes OPLL. However, our data showed that none

of the OPLL patients had an excessive intake of vitamin A, and

none of them showed abnormally high serum vitamin A levels,

suggesting that hypervitaminosis A is not associated with the

development of primary OPLL. There is a possibility that the

frequent occurrence of spinal ligament ossification in patients

with psoriasis, which was reported in the 1980s, maybe due to

spondylitis associated with psoriasis, not due to vitamin A.

Whether vitamin B6 deficiency is associated with heteroto-

pic spinal ligamentous ossification was inconclusive from the

results of this study. Serum vitamin B6 levels did not correlate

with the severity of T-OPLL. In both men and women, serum

vitamin B6 levels negatively correlated with the severity of T-

OALL in patients over 50 years of age, but not in early-onset

patients. Thus, vitamin B6 deficiency may be involved in late-

onset rather than early-onset heterotopic spinal ossification.

Type I collagen, a major component of the extracellular matrix,

is susceptible to glycation because of its long half-life.34

Figure 1. Association of the serum vitamin levels and OPLL between the thoracic OPLL and non-OPLL groups. A and D, Vitamin A (retinol) and
vitamin B6 (pyridoxal-5-phosphate). B and C, Vitamin A categorized by < 50 years and � 50 years of age (current age). E and F, Vitamin B6
categorized by < 50 years and � 50 years of age. *: P < 0.05, **: P < 0.01, n.s.: not significant OPLL: ossification of the posterior longitudinal
ligament; T-OPLL: thoracic OPLL.



Endo et al 1777

Table 5. Correlation Coefficients for the Serum Levels of Vitamin A (retinol) and Vitamin B6 (Pyridoxal-5-Phosphate) in the Non-OPLL and
Thoracic OPLL Groups.

Vitamin A (mg/dL)

Variable
Non-OPLL man (n ¼ 52) T-OPLL man (n ¼ 32) Non-OPLL woman (n ¼ 49) T-OPLL woman (n ¼ 45)

R P-value R P-value R P-value R P-value

Current age (years) 0.047 0.761 0.344 0.054 0.165 0.233 0.235 0.121
Age at onset of
symptoms (years)

0.319 0.075 0.223 0.141

Current BMI (kg/m2) 0.083 0.590 0.630 < 0.01 0.129 0.351 0.295 < 0.05
Vitamin B6 (ng/mL)

Variable Non-OPLL man
(n ¼ 52)

T-OPLL man
(n ¼ 32)

Non-OPLL woman
(n ¼ 49)

T-OPLL woman
(n ¼ 45)

R P-value R P-value R P-value R P-value

Current age (years) 0.014 0.924 0.334 0.096 0.130 0.925 0.055 0.729
Age at onset of
symptoms (years)

0.334 0.096 0.027 0.861

Current BMI (kg/m2) 0.047 0.762 0.446 < 0.05 –0.048 0.729 0.179 0.251

OPLL, ossification of the posterior longitudinal ligament; T-OPLL, thoracic OPLL; BMI, body mass index.

Figure 2. A representative case of heterotopic ossification of spinal ligaments. A and B, The ossification index determines the severity of
ossification by scoring ligamentous ossification, including OALL (arrowhead), OLF (thick arrow), OPLL (thin arrow), and OSIL (double
arrowhead) in each vertebra and intervertebral disc as 1 point. Asterisks indicate massive ossifications (thickness� 5mm), which are scored as 2
points. OALL, ossification of the anterior longitudinal ligament; OLF, ossification of the ligamentum flavum; OPLL, ossification of the posterior
longitudinal ligament; OSIL, ossification of the supra/interspinous ligament; ALL, the anterior longitudinal ligament; PLL, the posterior long-
itudinal ligament; LF, the ligamentum flavum; SIL, the supra/interspinous ligament.
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Vitamin B6 is an essential coenzyme of lysyl oxidase, which

catalyzes the physiological cross-linking of collagen.35 Vita-

min B6 deficiency is known to decrease physiological cross-

linking, ultimately leading to connective tissue degradation

such as arteriosclerosis and impaired bone quality.35-37 There-

fore, a vitamin B6 deficiency might make the spinal ligaments

less flexible and more susceptible to micro-damage of the col-

lagen fibers, which in turn leads to local inflammation, thereby

promoting heterotopic endochondral ossification in the spinal

ligaments.

Table 6. Correlation of the Serum Levels of Vitamin A (retinol) and Vitamin B6 (Pyridoxal-5-Phosphate) With Heterotopic Spinal Ligamentous
Ossification in Patients With Thoracic OPLL.

Vitamin A (mg/dL) Vitamin B6 (ng/mL)

Index
Man (n ¼ 32) Woman (n ¼ 45) Man (n ¼ 32) Woman (n ¼ 45)

R P-value R P-value R P-value R P-value

Total ossification a –0.016 0.931 –0.221 0.150 –0.577 <0.01 –0.022 0.888
Total OALL 0.123 0.518 –0.256 0.093 –0.539 <0.01 0.058 0.718
Cervical OALL 0.173 0.360 –0.249 0.103 0.120 0.567 0.334 <0.05
Thoracic OALL 0.165 0.384 –0.138 0.373 –0.589 < 0.01 –0.227 0.149
Lumbar OALL 0.076 0.688 –0.172 0.265 –0.289 0.161 –0.023 0.886

Total OPLL –0.138 0.468 –0.177 0.250 –0.336 0.101 0.016 0.922
Cervical OPLL 0.058 0.760 –0.211 0.170 –0.184 0.379 0.039 0.806
Thoracic OPLL –0.435 <0.05 –0.044 0.779 –0.298 0.148 0.060 0.708
Lumbar OPLL 0.013 0.947 –0.265 0.083 –0.173 0.409 –0.087 0.583

Total OLF –0.148 0.436 0.143 0.353 –0.227 0.275 –0.100 0.528
Thoracic OLF –0.131 0.490 0.179 0.246 –0.220 0.292 –0.104 0.512
Lumbar OLF –0.085 0.655 0.005 0.973 –0.066 0.752 –0.040 0.800

Total OSIL 0.116 0.541 –0.186 0.228 –0.164 0.433 –0.163 0.303

a: Total ossification includes OALL, OPLL, OLF, and OSIL.
OPLL, ossification of the posterior longitudinal ligament; OALL, ossification of the anterior longitudinal ligament; OLF, ossification of the ligamentum flavum; OSIL,
ossification of the supra/interspinous ligament.

Table 7. The Serum Levels of Vitamin A (retinol) and Vitamin B6 (Pyridoxal-5-Phosphate) and OALL- and OPLL Index in Patients With the
Thoracic OPLL.

(Man)
Vitamin A (mg/dL) Vitamin B6 (ng/mL)

Index
< 50 years old (n ¼ 15) � 50 years old (n ¼ 17) < 50 years old (n ¼ 15) � 50 years old (n ¼ 17)

R P-value R P-value R P-value R P-value

Total OALL 0.331 0.268 0.022 0.938 0.535 0.059 –0.565 < 0.05
Thoracic OALL 0.332 0.267 0.010 0.970 0.619 <0.05 –0.754 < 0.01
Total OPLL –0.223 0.465 0.468 0.091 –0.070 0.519 –0.153 0.600
Thoracic OPLL –0.558 < 0.05 0.077 0.792 –0.403 0.184 –0.065 0.824

(Woman) Vitamin A (mg/dL) Vitamin B6 (ng/mL)

Index < 50 years old (n ¼ 12) � 50 years old (n ¼ 33) < 50 years old (n ¼ 12) � 50 years old (n ¼ 33)

R P-value R P-value R P-value R P-value

Total OALL –0.314 0.294 –0.261 0.187 0.526 0.064 –0.133 0.508
Thoracic OALL –0.076 0.803 –0.256 0.196 0.391 0.186 –0.448 < 0.05
Total OPLL 0.302 0.315 –0.234 0.239 0.475 0.100 –0.104 0.605
Thoracic OPLL 0.422 0.150 –0.099 0.621 0.315 0.293 –0.010 0.958

OPLL, ossification of the posterior longitudinal ligament.

Table 8. The Association Between the T-OPLL Index and Variables
by Multiple Regression Analysis in Patients With Thoracic OPLL.

(Man) Independent
variables b Standardized b (95% CI) P-value

Age at onset of
symptoms (years)

�0.148 �0.419 (�0.262 to �0.034) 0.012

Vitamin A (mg/dL) �0.118 �0.335 (�0.232 to �0.004) 0.041

b, regression coefficient; CI, confidence interval; OPLL, ossification of the
posterior longitudinal ligament; T-OPLL, thoracic OPLL.
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This study has some limitations. First, a self-administered

diet history questionnaire might over- or underestimate actual

nutritional intake because the total nutritional consumption was

calculated based on the memory of the intake frequency of

certain foods. However, the BDHQ was developed for a

detailed and quantitative investigation of Japanese nutrient and

food intake; moreover, it has been widely used in many nutri-

tional epidemiological studies.7-11 Second, the correlations

between vitamin A deficiencies and the OPLL severity do not

necessarily imply that such deficiencies actually play a role in

the pathogenesis of OPLL; therefore, further preclinical animal

studies and/or human clinical trials are needed to clarify

whether vitamin A supplementation has therapeutic effects

against ossification. Third, the study did not match BMI or

other factors as potential confounders between cases and con-

trols. It was difficult to enroll BMI-matched control patients

because severely obese patients are quite rare in the general

Japanese population (BMI> 30 kg/m2, 3.8%; BMI> 35 kg/m2,

0.5%).20 Therefore, it was difficult to enroll BMI-matched con-

trol patients in a hospital-based case-control study. Finally, the

present study consisted of 2 different designs and was based on

the data from different populations. Serological and CT data of

T-OPLL patients were collected from a nationwide multicenter

study in Japan. However, BDHQ and serological data of controls

were collected from patients in a single region of Japan.

Although the mean BMI of control patients was similar to that

of the general Japanese population, the risk of selection bias

linked to the selection of controls must be considered.

In conclusion, this study showed that vitamin A deficiency

resulting from unbalanced dietary habits is associated with the

development or exacerbation of OPLL in patients with early-

onset OPLL. Our findings suggest that genetic factors and

nutritional imbalance interact with the causes of severe obesity,

lifestyle-related diseases, and spinal ligamentous ossification in

this class of patients. Our findings also suggest that improve-

ment of nutritional imbalance might suppress ossification in

this limited type of OPLL. Vitamin A and some of their related

molecules could be considered as potential therapeutic targets

for halting the development or exacerbation of heterotopic

ossification.
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