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Abstract
Summary This population-based cohort study with a 3-year follow-up revealed that the annual incidence rates of vertebral 
fracture (VF) and severe VF (sVF) were 5.9%/year and 1.7%/year, respectively. The presence of mild VF at the baseline was 
a significant risk factor for incident sVF in participants without prevalent sVF.
Introduction This study aimed to estimate the incidence of morphometric vertebral fracture (VF) and severe VF (sVF) in 
men and women and clarify whether the presence of a mild VF (mVF) increases the risk of incident sVF.
Methods Data from the population-based cohort study, entitled the Research on Osteoarthritis/Osteoporosis Against Dis-
ability (ROAD) study, were analyzed. In total, 1190 participants aged ≥ 40 years (mean age, 65.0 ± 11.2) years completed 
whole-spine lateral radiography both at the third (2012–2013, baseline) and fourth surveys performed 3 years later (2015–
2016, follow-up). VF was defined using Genant’s semi-quantitative (SQ) method: VF as SQ ≥ 1, mVF as SQ = 1, and sVF 
as SQ ≥ 2. Cumulative incidence of VF and sVF was estimated. Multivariate logistic regression analyses were performed to 
evaluate risk factors for incident sVF.
Results The baseline prevalence of mVF and sVF were 16.8% and 6.0%, respectively. The annual incidence rates of VF and 
sVF were 5.9%/year and 1.7%/year, respectively. The annual incidence rates of sVF in participants without prevalent VF, 
with prevalent mVF, and with prevalent sVF were 0.6%/year, 3.8%/year, and 11.7%/year (p < 0.001), respectively. Multivari-
ate logistic regression analyses in participants without prevalent sVF showed that the adjusted odds ratios for incident sVF 
were 4.12 [95% confident interval 1.85–9.16] and 4.53 [1.49–13.77] if the number of prevalent mVF at the baseline was 1 
and ≥ 2, respectively.
Conclusions The annual incidence rates of VF and sVF were 5.9%/year and 1.7%/year, respectively. The presence of prevalent 
mVF was an independent risk factor for incident sVF.
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Introduction

Vertebral fracture (VF) is the most common among osteo-
porotic fractures [1]. It is associated with long-continued back 
pain, impaired function, and decreased health-related qual-
ity of life (HRQoL) [2–4]. Furthermore, several studies have 
reported higher mortality associated with VF [5, 6]. Therefore, 
preventing VF is imperative for improving life expectancy 
and maintaining the HRQoL of older people. The first step in 
preventing VF is to understand its precise epidemiology. How-
ever, only about one third of all vertebral deformities noted 
on radiographs come to medical attention [7]. Hence, research 
at medical institutions alone do not provide sufficient infor-
mation; surveying the general population with radiographs is 
mandatory to understand its epidemiology. Given this com-
plexity, studies on the epidemiology of VF are still limited 
worldwide. While different prevalences of VF among different 
ethnic groups have been reported [8], reports on the incidence 
of VF in Japan are even more limited [9, 10]. Furthermore, 
these reports were based on studies performed in the mid-
1990s, leaving a gap of more than 20 years to date. During 
the last 20 years, Japanese life expectancy has increased by 
approximately 5 years [11], probably owing to the escalation 
of knowledge on health care and the improvement in pub-
lic health policy. Hence, some improvement has occurred in 
the epidemiology of VF. We conducted the present study to 
update the knowledge on the incidence of VF in Japan.

Additionally, risk factors for incident severe VF (sVF) 
were analyzed, featuring the presence of mild VF (mVF). 
Prevalent morphometrical VF has been reported as a strong 
risk factor for incident VF [9, 10, 12, 13]; however, mVF has 
not been studied sufficiently in the perspective of risk fac-
tors for incident sVF. A few studies have reported mVF as a 
risk factor for incident VF in women [14–16], but to the best 
of our knowledge, no reports exist on mVF as a risk factor 
in men. Furthermore, mVF has been reported to have low 
clinical relevance in cross-sectional studies [17, 18]. Thus, 
the clinical significance of mVF remains unclear. Therefore, 
using a nationwide, population-based cohort including both 
men and women, the Research on Osteoarthritis/Osteoporosis 
Against Disability (ROAD) study, we aimed to estimate the 
incidence of morphometric VF and sVF in men and women 
and to analyze whether mVF is a risk factor for sVF.

Methods

Participants

The ROAD study, which commenced in 2005, is a pro-
spective study designed to establish epidemiologic indices 

for evaluating bone and joint diseases. It consists of pop-
ulation-based cohorts in three communities in Japan: a 
mountainous region in Hidakagawa, Wakayama; a coastal 
region in Taiji, Wakayama; and an urban region in Itabashi, 
Tokyo. Details of the study have been described previously 
[19, 20]; therefore, only a summary is provided here. In 
the present study, we investigated the third and fourth sur-
veys of the ROAD study from the mountainous and coastal 
regions, describing the cohorts in the two regions.

The third survey of the ROAD study, the baseline of the 
present study, was performed in 2012–2013. Invitation letters 
to the third survey were distributed to the inhabitants whose 
names were listed in the former two ROAD study surveys. 
In addition to former participants, inhabitants aged ≥ 40 years 
who were willing to participate in the ROAD study were 
included. New participants were recruited through public 
relations papers issued by local governments, without any 
restrictions other than age ≥ 40 years. Throughout the study, 
the inclusion criteria were the ability to (1) walk to the clinic 
where the survey was performed, (2) provide self-reported 
data, and (3) understand and sign an informed consent form. 
There were no specific exclusion criteria.

Whole-spine radiography was performed from the third 
survey of the ROAD study onward (2012–2013). Thus, 1486 
inhabitants (483 men and 1003 women) participated in the 
third survey and underwent whole-spine radiography. In the 
fourth survey of the ROAD study performed in 2015–2016, 
3 years after the third survey (follow-up of the present study), 
we attempted to trace and review these 1486 participants from 
the third survey. All of them were invited to attend the fourth 
survey and undergo repeat radiography using the identical 
method. The present study cohort included all participants 
aged ≥ 40 years who participated in both the third and fourth 
surveys and underwent whole-spine radiography.

The study was approved by the ethics committees of the 
University of Tokyo (nos. 1264 and 1326) and Tokyo Met-
ropolitan Institute of Gerontology (no. 5). Written informed 
consent was provided by all participants.

Questionnaire, interview, and anthropometric 
measurements

Participants completed a 400-item interviewer-administered 
questionnaire that assessed lifestyle characteristics, such as 
occupation, smoking habits, alcohol consumption, family 
history, medical history, physical activity, reproductive 
variables, and HRQoL. Current smokers were defined as 
those who smoked, regardless of the number of pack-years; 
never- and ex-smokers were classified as non-smoking. Cur-
rent habitual alcohol consumption was defined as habitual 
alcohol consumption at least once a week regardless of the 
amount; never- and ex-drinkers were classified as non-drink-
ing. Steroidal use was defined as a history of > 3 months 
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of steroidal use. Anthropometric measurements included 
height and weight, and body mass index (BMI) was cal-
culated (weight [kg]/height2  [m2]). Medical information on 
participants’ systemic, local, and mental status was obtained 
by experienced orthopedists.

Radiographic assessment

Stand-up lateral radiographs of the whole spine were 
obtained for each participant by licensed radiography tech-
nicians using a 40-inch film. Films were positioned so that 
the bones from C2 to the proximal femur were in the range. 
All radiographs were evaluated for the presence and sever-
ity of VF by a spine surgeon (C.H.) using Genant’s semi-
quantitative (SQ) method [21]. All visible vertebrae from 
T4 to the most caudal vertebra were assessed for SQ, where 
each vertebra was graded from 0 to 3 (0, normal; 1, mildly 
deformed; 2, moderately deformed; 3, severely deformed). 
SQ is not a pure quantitative method and does not require 
morphometrical measurement. Vertebral deformities that did 
not represent fractures were excluded, such as Schmorl’s 
nodes, Scheuermann disease, and short vertebral height [22, 
23]. Vertebrae with poor visibility or image quality were 
not graded and were excluded from the analysis. Vertebrae 
with SQ ≥ 1 were defined as VF, vertebrae with SQ = 1 were 
defined as mild VF (mVF), and vertebrae with SQ ≥ 2 were 
defined as severe VF (sVF).

To investigate the intra- and inter-observer reliability of 
SQ grading, 50 randomly selected radiographs were graded 
by the same reader (C.H.) at an interval of > 2 weeks as 
well as by another orthopedist (T.I.) who was blinded to 
the scores assigned by C.H. The percentage of agreement 
and kappa statistics were 98.1% and 0.70 for intra-observer 
and 98.0% and 0.62 for inter-observer reliabilities, respec-
tively [17].

Bone mineral density measurement

Bone mineral density (BMD) was measured at the lum-
bar spine (L2–L4) and proximal femur using dual-energy 
X-ray absorptiometry (Hologic Discovery; Hologic, 
Waltham, MA). To maintain measurement quality, the 
same equipment was used and the same spine phantom 
was scanned daily to monitor the machine’s performance 
in the study population in different regions. BMD of the 
phantom was adjusted to 1.032 ± 0.016 g/cm2 (± 1.5%) in 
all examinations. In addition, the same physician (N.Y.) 
examined all participants to prevent observer variabil-
ity. Osteoporosis was diagnosed when either the lumbar 
(L-BMD) or femoral neck (FN-BMD) BMD was ≥ 2.5 
standard deviations (SD) below the mean level for a 
young adult reference population, according to the World 
Health Organization (WHO) definitions [24]. To define 

osteoporosis, the BMD values of the reference male and 
female populations were used for the male and female par-
ticipants, respectively. The cut-off values for osteoporosis 
were 0.714 g/cm2 for L-BMD in both men and women 
and 0.546 g/cm2 in men and 0.515 g/cm2 in women for 
FN-BMD [25].

Estimation of cumulative incidence of VF and sVF

For this study, we defined two outcomes. First, a participant 
was defined as having an incident VF if at least one vertebra 
which was not VF (SQ = 0) at baseline was diagnosed as VF 
(SQ ≥ 1) at the follow-up. Second, a participant was defined 
as having an incident sVF if at least one vertebra which was 
not sVF (SQ ≤ 1) at baseline was diagnosed as sVF (SQ ≥ 2) 
at the follow-up.

Cumulative incidence was calculated using the results 
of diagnoses with these definitions. Cumulative inci-
dence was simply defined as the ratio of incident cases 
to the at-risk population at the beginning of the obser-
vation period. In this study, cumulative incidence over 
3  years was thus detected as the number of incident 
cases divided by the number of the at-risk population 
at baseline. Because the cohort of the present study 
comprised participants with radiographs at both base-
line and follow-up, the calculated indices were those of 
survivors.

Statistical analysis

Descriptive statistics were determined and presented as 
means and SDs or frequencies and percentages, unless 
otherwise specified. Differences in proportions were 
examined using the chi-square test. When the expected 
cell size was < 5, Fisher’s exact test was used. Differences 
in continuous values between two groups were examined 
using Student’s unpaired t tests. To determine the risk 
factors for incident sVF, univariate logistic regression 
analyses were performed with incident sVF as an objec-
tive variable. Odds ratios (ORs) and 95% confidence inter-
vals (95% CIs) were calculated. As we could not confirm 
the assumption of linearity for BMI, it was transformed 
into a four-level categorical value: < 18.5, ≥ 18.5, < 25.0 
(reference), ≥ 25.0, < 27.5, and ≥ 27.5. Furthermore, to 
determine independent risk factors for incident sVF in 
participants without prevalent sVF, multivariate logistic 
regression analysis was performed with incident sVF as 
an objective variable and with significant risk factors in 
the univariate logistic regression analysis model as inde-
pendent variables. All statistical analyses were performed 
using STATA statistical software, version 15.1 (STATA, 
College Station, TX). All p values < 0.05 were considered 
to indicate significance.
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Results

Of the 1486 participants in the third survey (baseline of the 
present study), 1320 participants participated in the fourth 
survey 3 years later (follow-up of the present study). Among 
them, 157 (11.9%) did not undergo plain radiography and 
were thus excluded. Reasons for dropouts were as follows: 
32 (2.2%) had died by the time of the follow-up, 40 (2.7%) did 
not join the follow-up due to bad health, 72 (4.8%) declined 
the invitation to the follow-up, three (0.2%) had moved away, 
and 19 (1.3%) did not participate for other reasons.

Thus, 1190 participants (80.1% of the baseline participants) 
(384 men and 806 women) underwent plain radiography at both 
baseline and follow-up; these comprised the present study’s cohort. 
Their mean ± SD age at baseline was 65.0 ± 11.2 years. Baseline 
characteristics of the cohort are shown in Table 1. Men were sig-
nificantly, although slightly, older than women. BMI was signifi-
cantly higher in men than in women. Both L-BMD and FN-BMD 
were significantly higher in men than in women; thus, the propor-
tion of having osteoporosis according to the WHO criteria was 
significantly higher in women than in men. While the prevalence 
of VF and mVF at baseline was significantly higher in men than in 
women, the prevalence of sVF at baseline was higher in women, 
which was in accordance with our previous report [17].

Table 2 shows the number and cumulative incidence in 
3 years of VF and sVF in (i) the overall population and (ii) 

subgroups classified by the baseline status: (A) participants 
without prevalent VF, (B) participants with prevalent mVF 
but without prevalent sVF, and (C) participants with preva-
lent sVF. The annual rates of incident VF and sVF were 

Table 1  Baseline characteristics 
of the participants

Values are means and standard deviations (SDs) for continuous values, and numbers and frequencies in 
percent for categorical values
BMI body mass index; L-BMD bone mineral density at the lumbar spine; FN-BMD bone mineral density at 
the femoral neck; OP treatment treatment for osteoporosis by either of selective estrogen receptor modula-
tor, bisphosphonates, or Teriparatide; VF vertebral fracture, i.e., Genant’s semi-quantitative grade (SQ) ≥ 1; 
mVF mild vertebral fracture, i.e., SQ = 1; w/o without; sVF severe vertebral fracture, i.e., SQ ≥ 2

Overall Men Women P value
(n = 1190) (n = 384) (n = 806)

Age, years [SD] 65.0 [11.2] 66.0 [11.5] 64.6 [11.0] 0.047
Height, cm [SD] 156.5 [9.0] 165.4 [6.7] 152.3 [6.5]  < 0.001
Weight, kg [SD] 56.3 [11.0] 64.6 [10.8] 52.3 [8.7]  < 0.001
BMI, kg/m2 [SD] 22.9 [3.4] 23.5 [3.3] 22.6 [3.4]  < 0.001
Smoking, no. (%) 101 (8.5) 79 (20.6) 22 (2.7)  < 0.001
Alcohol, no. (%) 409 (34.4) 240(62.5) 169 (21.0)  < 0.001
L-BMD, g/cm2 [SD] 0.964 [0.205] 1.099 [0.206] 0.900 [0.170]  < 0.001
FN-BMD, g/cm2 [SD] 0.666 [0.127] 0.750 [0.123] 0.626 [0.108]  < 0.001
Osteoporosis, no. (%) 174 (14.6) 10 (2.6) 164 (20.4)  < 0.001
OP treatment, no. (%) 70 (5.9) 2 (0.5) 68 (8.4)  < 0.001
Steroidal use, no. (%) 11 (0.9) 2 (0.5) 9 (1.1) 0.52
Prevalence, no. (%)
VF 229 (19.2) 93 (24.2) 136 (16.9)  < 0.01
mVF w/o sVF 158 (13.3) 80 (20.8) 78 (9.7)  < 0.001
Multiple mVF w/o sVF 42 (3.8) 27 (7.3) 15 (2.0)  < 0.001
sVF 71 (6.0) 13 (3.4) 58 (7.2)  < 0.01

Table 2  Cumulative incidence of vertebral fracture (VF) and severe 
VF (sVF) in 3 years

Total Men Women

(i) Whole cohort
N 1190 384 806
VF 212 (17.8%) 87 (22.7%) 125 (15.5%)
sVF 60 (5.0%) 12 (3.1%) 48 (6.0%)
(ii) Classified according to the baseline status
(A) Participants without prevalent VF
N 961 291 670
VF 117 (12.2%) 47 (16.2%) 70 (10.5%)
sVF 17 (1.8%) 2 (0.7%) 15 (2.2%)
(B) Participants with prevalent mild VF but without prevalent sVF
N 158 80 78
VF 59 (37.3%) 34 (42.5%) 25 (32.1%)
sVF 18 (11.4%) 7 (8.8%) 11 (14.1%)
(C) Participants with prevalent sVF
N 71 13 58
VF 36 (50.7%) 6 (46.2%) 30 (51.7%)
sVF 25 (35.2%) 3 (23.1%) 22 (37.9%)
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5.9%/year (7.6%/year in men and 5.2%/year in women, 
p = 0.003) and 1.7%/year (1.0%/year in men and 2.0%/year 
in women, p = 0.04), respectively. The incidence of both VF 
and sVF tended to increase sequentially according to the 
baseline status: (A) without prevalent VF, (B) with prevalent 
mVF, and (C) with prevalent sVF.

As the incidence of VF and sVF in participants with prev-
alent sVF (C) was significantly higher than that in partici-
pants without prevalent sVF (A + B) (16.9%/year vs. 5.2%/
year for VF, p < 0.001, and 11.7%/year vs. 1.0%/year for 
sVF, p < 0.001), we examined characteristics by dividing the 
cohort into two subgroups: A + B and C. Figure 1 shows the 
incidence of VF and sVF in each subgroup and age stra-
tum (40–49 years, 50–59 years, 60–69 years, 70–79 years, 
and ≥ 80 years). The incidence of VF and sVF tended to 
increase with age in both male and female participants 
without prevalent sVF (A + B) (for a 5-year increase: VF, 
OR 1.25 [95% CI 1.11–1.41] in men and OR 1.49 [95% CI 
1.32–1.69] in women; sVF, OR 1.51 [95% CI 1.06–2.16] 
in men and OR 2.03 [95% CI 1.55–2.66] in women). By 

contrast, in participants with prevalent sVF (C), the inci-
dence of VF and sVF was not age-dependent either in men 
or in women: VF, OR 1.31 [95% CI 0.70–2.46] in men and 
OR 1.29 [95% CI 0.93–1.80] in women; sVF, OR 1.28 [95% 
CI 0.57–2.87] in men and OR 1.30 [95% CI 0.91–1.86].

Then, we focused on incident sVF in evaluating risk 
factors since mVF has been reported to have low clinical 
relevance [17, 18]. Table 3 shows the baseline risk fac-
tors for incident sVF in participants without prevalent sVF 
(A + B) and participants with prevalent sVF (C). Univari-
ate logistic regression analyses in subgroup A + B revealed 
that the age, FN-BMD, and presence of mVF at baseline 
were associated with incident sVF, whereas female sex, 
lower BMI (< 18.5 kg/m2), and lower L-BMD were not. 
Multiple mVFs at baseline had a higher OR for incident 
sVF than single mVF at baseline. In subgroup C, as all 
participants had at least one mVF at baseline, the OR was 
calculated for multiple mVFs at baseline in comparison 
with single mVF at baseline, which was 6.75 [95% CI 
1.60–28.49].

Fig. 1  Incidence of vertebral fracture (VF, Genant’s semi-quantitative grade [SQ] ≥ 1) and severe vertebral fracture (sVF, SQ ≥ 2) in each age 
stratum (40–49 years, 50–59 years, 60–69 years, 70–79 years, and ≥ 80 years)
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Since the number of incident sVF in subgroup C was rel-
atively small (N = 25), we performed multivariate logistic 
regression analyses in subgroup A + B to define independ-
ent risk factors for incident sVF (Table 4). Factors with p 
values < 0.05 in the univariate analyses were included in 
the multivariate model. Because the nature of osteoporosis 
has been reported to be different in men and women [26, 
27], the analyses were performed in the whole cohort first 
and then in men and women, separately. The age and the 
presence of mVF at baseline (either single or multiple) 
were independent risk factors for incident sVF. Multiple 

mVFs at baseline showed a slightly higher OR than single 
mVF at baseline. In men-only analysis, the presence of sin-
gle or multiple mVFs at baseline remained as a significant 
risk factor, whereas in women-only analysis, age and the 
presence of multiple mVFs at baseline remained signifi-
cant. In another multivariate model where the number of 
prevalent mVF of 1 and ≥ 2 were united in one variable, as 
“the presence of prevalent mVF,” and two other variables 
(age and FN-BMD) were also included as independent vari-
ables, the adjusted OR of the presence of prevalent mVF 
for incident sVF was 4.22 [95% CI 2.03–8.80].

Table 3  Risk factors for 
incident severe vertebral 
fractures (sVFs) (Genant’s 
semi-quantitative grading 
[SQ] ≥ 2) by univariate logistic 
regression analysis

OR odds ratios; CI confidence interval; BMI body mass index; L-BMD bone mineral density at the lumbar 
spine; FN-BMD bone mineral density at the femoral neck; SD standard deviation; OP treatment treatment 
for osteoporosis by either of selective estrogen receptor modulator, bisphosphonates, or Teriparatide; mVF 
mild vertebral fracture (SQ = 1)
* Smoking status was omitted from the analysis because none of the participants with prevalent and incident 
sVF was a current smoker
** As there were no participants with prevalent sVF and without prevalent mVF at the baseline, the refer-
ence value was set as 1

Reference Crude OR 95% CI P value

(A + B) Participants without prevalent sVF at baseline
Women Men 1.45 0.67–3.12 0.35
Age  + 5 years 1.79 1.45–2.20  < 0.001
BMI  ≥ 18.5, < 25.0
 < 18.5 1.97 0.66–5.88 0.22
 ≥ 25.0, < 27.5 1.42 0.57–3.56 0.46
 ≥ 27.5 0.95 0.28–3.23 0.93
Smoking No 1.80 0.68–4.74 0.24
Alcohol No 0.53 0.24–1.18 0.12
L-BMD  + 1SD 0.82 0.66–1.02 0.08
FN-BMD  + 1SD 0.55 0.39–0.77  < 0.001
OP treatment No 1.37 0.32–5.87 0.67
Steroidal use No 3.16 0.39–25.38 0.28
No. of mVFs at baseline 0
1 7.01 3.31–14.84  < 0.001
2 or more 7.50 2.63–21.44  < 0.001
(C) Participants with prevalent sVF at baseline
Women Men 2.04 0.50–8.22 0.32
Age  + 5 years 1.30 0.94–1.79 0.11
BMI  ≥ 18.5, < 25.0
 < 18.5 2.58 0.60–11.04 0.20
 ≥ 25.0, < 27.5 0.30 0.03–2.62 0.27
 ≥ 27.5 2.07 0.45–9.42 0.35
Smoking No *
Alcohol No 0.12 0.01–0.97 0.05
L-BMD  + 1SD 0.81 0.59–1.11 0.19
FN-BMD  + 1SD 0.49 0.24–1.01 0.05
OP treatment no 1.89 0.67–5.32 0.23
Steroidal use no *
No. of mVFs at baseline 1 **
2 or more 6.75 1.60–28.49 0.01
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To evaluate the effect of baseline status on the incidence 
of sVF, we further divided subgroup B into two subgroups: 
(B1) participants with single mVF but without sVF at base-
line and (B2) participants with multiple mVFs but without 
sVF at baseline. The cumulative incidence of sVF in 3 years 
was calculated according to the baseline status and sex 
(Fig. 2). In comparison with participants without prevalent 

sVF (A + B1 + B2), participants with prevalent sVF (C) were 
significantly more susceptible to incident sVF (men 23.1% 
vs. 2.4%, p = 0.006; women 37.9% vs. 3.5%, p < 0.001). 
When comparing subgroup B (B1 + B2) with subgroup A, 
participants with at least one mVF at baseline (B1 + B2) 
were more susceptible to incident sVF than participants 
without any VF (A) (men 8.75% vs. 0.7%, p < 0.001; women 

Table 4  Risk factors for 
incident severe vertebral 
fracture (sVF) in participants 
without prevalent sVF at 
baseline (A + B)

*  Adjusted odds ratios (ORs) were calculated by multivariate logistic regression analysis after adjustment 
for all other variables in the tables
CI; confidence interval, FN-BMD; bone mineral density at the femoral neck, SD; standard deviation, 
mVFs; mild vertebral fractures

Reference Adjusted OR 95% CI P value

(i) Men and women
Age  + 5 years 1.53 1.23–1.90  < 0.001
FN-BMD  + 1SD 0.71 0.50–1.01 0.054
No. of mVFs at baseline 0

1 4.12 1.85–9.16  < 0.01
2 or more 4.53 1.49–13.77 0.01

(ii) Men
Age +5 years 1.43 0.98–2.09  0.06
FN-BMD +1SD 1.21 0.59–2.47  0.60
No. of mVFs at baseline  0

1 13.27 2.44–72.04  < 0.01
2 or more 8.13 1.06–62.39 0.04

(iii) Women
Age +5 years 1.70 1.26–2.29  <0.001
FN-BMD +1SD 0.66 0.38–1.14  0.13
No. of mVFs at baseline  0

1 2.55 0.95–6.85 0.06
2 or more 4.76 1.16–19.60 0.03

Fig. 2  Cumulative incidence of severe vertebral fractures (sVF, 
Genant’s semi-quantitative grading SQ ≥ 2) according to the base-
line status in men and women. Subgroups were divided according to 
the baseline status: A participants without any vertebral fracture, B1 

participants with single mild VF (mVF) but without sVF, B2 Partici-
pants with multiple mVFs but without sVF, and C participants with 
sVF
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14.1% vs. 2.2%, p < 0.001). In the comparison of B1 and B2, 
participants with single mVF (B1) tended to have slightly 
higher incidence of sVF than those with multiple mVFs 
(B2) in men with non-significant difference (9.4% vs. 7.4%, 
p = 1.00), whereas the tendency reversed in women (12.7% 
vs. 20.0%, p = 0.43).

Discussion

The present study evaluated the cumulative incidence of VF 
and sVF over 3 years using radiographic diagnoses after two 
radiographic examinations of the whole spine in the lateral 
view of population-based subjects. In this cohort analysis, 
we estimated that the cumulative incidence rates of VF and 
sVF were 5.9%/year (7.6%/year in men and 5.2%/year in 
women) for VF and 1.7%/year (1.0%/year in men and 2.0%/
year in women) for sVF. We also found that older age and 
the presence of mVF at baseline were independent risk fac-
tors for incident sVF in participants without sVF at baseline.

Compared with studies on the prevalence of VF, studies 
on the incidence of VF are limited. One reason for this is 
the fact that VF is not always symptomatic, and longitudinal 
population surveys are required to clarify the incidence of 
VF. However, few such longitudinal observational studies 
with high participation rates have been reported, represent-
ing the principal strength of this study. Population-based 
studies reporting the incidence of VF have been performed 
in Western countries such as the USA [28], the Netherlands 
[13], and Spain [29] and in a multicenter study involving 
19 European countries [30]. The reported incidence of VF 
varies from 0.5%/year to 1.5%/year, reflecting differences 
in ethnicities, mean ages of the participants, and criteria 
used to define VF. Van der Klift et al. and Felsenberg et al. 
used the McCloskey–Kanis criteria, which is a quantitative 
method and needs 3SD reduction in the vertebral height to 
define VF, to report the incidence of VF. The reported rates 
of incident VF were 5.9/1000 person years (PY) in men and 
14.7/1000 PY in women [13] and 5.7/1000 PY in men and 
10.7/1000PY in women [30]. Compared with their finding, 
we reported higher incidence even for sVF (1.0%/year in 
men and 2.0%/year in women). The McCloskey–Kanis cri-
teria might be stricter than Genant SQ ≥ 2.

Kanterwicz et al. used modified Genant’s SQ method 
to define sVF in their 4-year study including 2493 Span-
ish women [29]. The reported rates of incident sVF were 
approximately 1.38%/year in participants without preva-
lent sVF and 7.7%/year in participants with prevalent sVF. 
Compared with that study, we reported a comparable rate of 
incident sVF (1.2%/year) in women without prevalent sVF 
(A + B) and a higher rate of incident sVF (12.6%/year) in 
women with prevalent sVF (C), indicating that prevalent 

sVF might be a stronger risk factor for incident sVF in Japa-
nese women than in Spanish women.

A few studies have reported the incidence of VF in Japan; 
however, none of them used Genant’s SQ method to define 
incident VF [10, 31, 32]. Owing to the discordance in the 
definitions of VF, direct comparisons of the reported inci-
dence between past studies and the present study might not 
be appropriate. However, the reported rates are similar to 
the incidence of sVF in our study (2.2%/year by Fujiwara 
et al. [32] and 1.7%/year by Kadowaki et al. [10] compared 
with our 1.7%/year).

To confirm whether the participants of the present study 
were representative of the Japanese population, we com-
pared anthropometric measurements and the frequency 
of smoking and alcohol consumption between the partici-
pants and the general Japanese population [33]. Details of 
the comparisons are presented in Supplementary Tables 1 
and 2. Briefly, the overall BMI of participants was basically 
comparable to that of the broader Japanese population; how-
ever, the participants had healthier lifestyles than the general 
Japanese population in terms of smoking habits. Given that 
the results obtained from the present study applied to the 
total age-sex distribution derived from the Japanese census 
in 2015 [34], it can be assumed that 4,200,000 Japanese peo-
ple (2,200,000 men and 2,000,000 women) aged ≥ 40 years 
would sustain incident VF annually and that 1,180,000 
people (280,000 men and 900,000 women) aged ≥ 40 years 
would sustain incident sVF annually.

Most past studies reporting the incidence of VF did not 
distinguish the baseline status in terms of the presence of 
prevalent sVF. However, as prevalent sVF has been reported 
to be a strong risk factor for incident VF [9, 10, 12, 13], 
we analyzed participants without prevalent sVF (A + B) and 
those with prevalent sVF (C) separately. The present study 
revealed that incident VF and sVF were age-dependent in 
patients without prevalent sVF, whereas they were not in 
patients with prevalent sVF. Figure 1 shows that the high-
est incidence of sVF in subgroup C was in participants in 
their 70 s, and participants aged ≥ 80 years showed a lower 
incidence than participants in their 70 s. However, the results 
might be under bias since the present study is based on sur-
vivors’ analyses; participants aged ≥ 80 years with prevalent 
and incident sVF, who were supposed to have the shortest 
life expectancy and most impaired ADL, might have not 
joined the follow-up survey because of death or poor health.

The present study also revealed that prevalent mVF as 
well as sVF are risk factors for incident sVF. Many stud-
ies have reported prevalent sVF as a strong risk factor for 
the incident sVF [9, 35–37]. The present study confirmed 
the same tendency in both men and women as shown in 
Fig. 2, comparing subgroup C with subgroup A + B1 + B2. 
By contrast, literature regarding prevalent mVF as a risk 
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factor for incident sVF is scarce, especially in men. Roux 
et al. reported that the presence of mVF increased the risk 
of new VF 1.79-fold (95% CI 1.31–2.45) in post-menopausal 
women [14]. Melton et al. reported that the presence of a 
20% reduction in any vertebral heights, which corresponds 
to prevalent mVF, in terms of vertebral height reduction, 
in the present study, increased the risk of new VF 2.2-fold 
(95% CI 1.3–3.8) in post-menopausal women [16]. Our 
study revealed that it increased 4.22-fold (95% CI 2.03–8.80) 
compared with those without prevalent mVF. The results 
hold in the whole-cohort analysis with adjustment for sex 
and in men-only and women-only analyses. There sup-
posed to be some associations among factors included in 
the model: older age, lower BMD, and presence of mVF 
might be associated with one another. However, the mean of 
variance inflation factors was 7.0, indicating that this model 
is acceptable. In addition, multiple mVFs were a stronger 
risk factor for sVF with an adjusted OR of 4.53 than single 
mVF with OR of 4.12. As indicated by past reports [38] 
and the present study, interventions are required for people 
with prevalent sVF, a severely deformed vertebra, to pre-
vent subsequent VF. Similarly, attention should be paid to 
people with mVF, a mildly deformed vertebra. At the very 
least, known risk factors for osteoporotic fractures such as 
a clinical history of fracture, smoking habit, and alcohol 
consumption need to be evaluated.

This study has several limitations. First, the present study 
cohort may not be truly representative of the general Japa-
nese population. Specifically, the proportion of smokers was 
quite low compared with the general population in men and 
women (Suppl. Table 2); thus, the incidence of VF and sVF 
in the present study might be underestimated because smok-
ing is a risk factor for osteoporotic fracture [39]. Second, 
those who had died before the follow-up and those who were 
in poor health did not participate in the follow-up study, 
which might have caused an underestimation of the inci-
dence of VF. To minimize the effect of dropouts, we intend 
to continue studying VF through the ROAD surveys and will 
analyze the incidence using a person-year method. Third, the 
proportion of patients who underwent osteoporosis treat-
ment at baseline was low (two men and 68 women, 8.4% of 
the total cohort), whereas seven men and 110 women were 
diagnosed with osteoporosis through the WHO definition, 
leaving 94 (80%) participants with untreated osteoporosis. 
More aggressive osteoporosis treatment might have resulted 
in a protective effect on incident VF. Fourth, the incidence 
of VF varies according to its definition; differences between 
a quantitative method and a qualitative method have been 
reported [40, 41]. In addition, VF diagnosis were based 
on morphometry, regardless of clinical symptoms. Some 
deformities, especially mild ones, might not be true fractures 
but degenerative changes, although we strained to include 
fractures alone by recognizing end-plate fractures [22]. 

Finally, a limited number of factors were included in the 
multivariate logistic regression model; factors that have been 
reported as risks, such as low BMI, smoking habit, alcohol 
consumption, and steroidal use, were not adjusted for. The 
number of incident sVF in participants without prevalent 
sVF was 35, which allowed three or fewer variables to be 
included in the logistic regression model to avoid overfitting. 
As our objective was to evaluate whether mVF was a risk 
factor for incident sVF but not to survey all potential risk 
factors, we decided to only include those factors that were 
significant in the univariate model. The models analyzing 
men and women separately may be overfitting. Furthermore, 
because the ROAD study is still ongoing, we can and will 
analyze risk factors in a more detailed way with the accumu-
lation of study periods and a larger number of participants 
with incident sVF.

Despite these limitations, we estimated that the annual 
cumulative incidence rates of VF and sVF in Japan were 
5.9%/year (7.6%/year in men and 5.2%/year in women) and 
1.7%/year (1.0%/year in men and 2.0%/year in women), 
respectively. We also revealed the incidence of VF and sVF 
classified by age stratum and sex. Further, we clarified that 
the presence of mVF was an independent risk factor for inci-
dent sVF in participants without prevalent sVF at baseline, 
with multiple mVFs giving higher OR than single mVF. 
These findings will contribute to the effective prevention of 
VF and sVF.
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