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Abstract
The aim of this study was to survey the incidence of osteoporotic fragility fractures, which include vertebral, hip, distal 
radius, and proximal humerus fractures, in patients ≥ 50 years of age, from 2004 to 2015, in Sado City, Japan. We examined 
temporal changes in the incidence of these fractures from 2010 through 2015. The incidence of vertebral (p < 0.001) and 
radius fractures (p = 0.001) was lower in 2015 than in 2010, with only the incidence of hip fracture (p = 0.013) being lower 
in 2015 than in 2004. With regard to age-specific incidences, there was a sharp increase in vertebral and hip fractures among 
the segment of the population 70–89 years old, with no remarkable change in the incidence of radial and humeral fractures. 
Pre-existing vertebral fractures were identified in 69.6% of patients with a hip fracture, 35.6% of patients with a distal radius 
fracture, and 55% of patients with a humeral fracture. Among patients with pre-existing vertebral fractures, 42.5% had a single 
fracture, whereas 57.5% had 2 or more fractures. The proportion of patients on anti-osteoporotic agents before the occurrence 
of fractures increased to 14.5% in 2015, compared to 4% in 2004 and 7.6% in 2010. We speculate that the increase in the 
use of anti-osteoporotic agents is the main reason for the declining incidence of fractures. Therefore, considering the sharp 
increase in hip and vertebral fractures among individuals in their mid-1970s and older, judicious use of anti-osteoporotic 
agents among these individuals could be useful for lowering the occurrence of these fractures.
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Introduction

Osteoporotic fragility fractures are prevalent in the aging 
population worldwide, leading to a decrease in the quality 
of life and serious morbidity and mortality [1]. These frac-
tures are a serious public health concern in Japan, with the 
prevention of these fractures becoming increasingly impor-
tant [2, 3] as the segment of the general population over 
the age of 65 years continues to increase, having reached 
26.7% in 2015 [4]. Therefore, there is a need to understand 
trends in the prevalence and incidence of fragility fractures. 
In fact, the incidence rate of osteoporotic hip fractures has 
also increased from 1986 to 2008 [5, 6].

In a previous study, we confirmed an association between 
the increasing age of the population and the increasing rate 
of osteoporotic fractures. Specifically, we surveyed the 
incidence rate of fragility fractures in Sado City (Niigata 
Prefecture, Japan), which is located on an island and, thus, 
has a minimal change in its population. As such, we believe 
that the increase in the incidence in osteoporotic fractures 
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(including hip, vertebral, distal radius, and proximal humeral 
fractures) that we observed in this population, between 2004 
and 2010, reflects the age-related increase in risk of fragility 
fractures in Japan [7–9]. Our aim in the present study was 
to examine the incidence rate of these 4 types of osteoporo-
tic fractures among individuals ≥ 50 years of age in Sado 
City in 2015, and to compare these results to our previous 
2004–2010 survey results [7].

We also investigated the prevalence of the use of anti-
osteoporotic agents, as well as the prevalence of pre-existing 
vertebral fractures based on radiographic assessment of the 
thoracic and lumbar spine. We believe that this information 
may be of importance in terms of implementing measures to 
reduce the incidence of fragility fractures in Japan.

Materials and methods

Sado City, located on Sado Island, had a population of 
57,172 in October 2015, with 40.5% of individuals being 
> 65 years of age, based on the estimated population statis-
tics of the Niigata Prefecture [10]. The age composition of 
the population in Sado City from 2004–2015 is shown in 
Supplementary Table 1.

The data of all individuals ≥ 50 years of age, in Sado 
City, who had been diagnosed with a fragility fracture (hip, 
vertebral, distal radius, and/or proximal humeral fracture) 
between January 1 and December 31, 2015, were collected 
using the same methods used in previous surveys [1, 11–15]. 
We defined a fragility fracture as one that occurs from a 
slight external force, such as a fall from standing height or 
less, as previously described [1, 15]. Patients residing in 
other prefectures or those < 50 years of age over the period 
of observation were excluded. Registration forms were sent 
to 2 medical clinics and 4 hospitals in Sado City, which 
includes all the main orthopedic facilities on the island. Any 
patient who sustains a fracture in Sado City would normally 
attend 1 of these 6 institutions to receive care. Therefore, 
we consider that our data would capture almost all fractures 
that occurred in Sado City. Of note, femoral shaft, patho-
logical and periprosthetic fractures were not included in our 
analysis.

Our study was approved by the ethics review board of 
Niigata University Graduate School of Medical and Dental 
Sciences (No. 1985), and the need for informed consent was 
waived given the retrospective nature of the study.

We investigated the use of anti-osteoporotic medications, 
including bisphosphonate, selective estrogen receptor modu-
lators, vitamin D, calcium preparation, teriparatid, and deno-
sumab, for > 6 months before the fracture incidence as a 
secondary outcome of our analysis.

Fractures were diagnosed by plain radiography. As well, 
all patients underwent screening for pre-existing vertebral 

fractures, including incidental fractures, after management 
of the current fracture. This screening was performed by 
orthopedic surgeons who reviewed lateral spine radiographs 
and classified findings using the diagnostic criteria of The 
Japanese Society for Bone and Mineral Research [16]. 
Patients who had any symptoms of a vertebral fracture, such 
as local back pain, with compatible radiographic findings 
over the period of observation, were diagnosed as having 
new symptomatic fractures. If multiple fractures occurred 
in the same patient, each fracture was counted as a new frac-
ture, regardless if fractures were of the same type (such as 
a hip fracture on the contralateral side) or at different sites 
(such as a hip and distal radius fracture), or if they occurred 
simultaneously or at different times.

The incidence for each of the 4 types of fracture in 2015 
was compared to the data obtained over our previous period 
of observation, from 2004 to 2010 [7–9]. Data in each year 
were compared with respect to the incidence in patients aged 
≥ 50 years. All patients were categorized according to age 
(10-year intervals) and sex (male or female). The incidence 
of each fracture type was calculated according to the number 
of fractures per 100,000 person-year. We calculated the inci-
dence of each fracture type using the number of individuals 
who sustained a fracture and the population at risk for these 
fractures (whole population in Sado ≤ 50 years − number 
of fractured persons). Then, we calculated the age-adjusted 
incidence rate for each year to the proportion of the Japanese 
population ≥ 50 years of age in 2004.

Statistical tests for the overall trend were performed 
using the Mantel–Haenszel extension Chi-squared test [17], 
according to a previous research study [18]. First, we evalu-
ated age-specific trends for the survey period. Then, we inte-
grated all age-specific results of the Mantel–Haenszel test 
to show the age-adjusted trend for each fracture type. A p 
value < 0.05 was considered statistically significant. Micro-
soft Excel 2013 (Microsoft Corp., Redmond, WA, USA) was 
used for all calculations.

Results

In total, 337 cases of osteoporotic fractures were identified, 
with hip fractures accounting for 112 of these cases, includ-
ing 22 males and 90 females, with a male-to-female ratio 
of 1:4.1. The calculated incidence of hip fractures among 
individuals ≥ 50 years of age was 322 per 100,000 person-
year, with an age-adjusted incidence rate of 249 per 100,000 
person-year (Table 1). The average age for hip fracture was 
85.2 ± 8.2 years, which was the oldest among the 4 fracture 
types.

There were 145 cases of vertebral fractures, including 
28 males and 117 females, with a male-to-female ratio of 
1:4.2. The calculated incidence for vertebral fractures was 
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418 per 100,000 person-year, which was the highest among 
the 4 fracture types, with an age-adjusted incidence rate of 
352 per 100,000 person-year. The average age for vertebral 
fractures was 82.9 ± 8.3 years.

There were 60 cases of distal radius fractures, 7 males and 
53 females, for a male-to-female ratio of 1:7.6, which was 
the highest ratio among the 4 fracture types. The calculated 
incidence for distal radius fractures was 172 per 100,000 
person-year, with an age-adjusted incidence rate of 170 per 
100,000 person-year (Table 1). The average age for distal 
radius fractures was 70.9 ± 11.0 years.

There were 20 cases of proximal humeral fractures. Of 
these, 4 were males and 16 females, with a male-to-female 
ratio of 1:4.0. The calculated incidence was 57 per 100,000 
person-year. The age-adjusted incidence rate was 51 per 
100,000 person-year (Table 1). The average age at the time 
of proximal humeral fractures was 79.3 ± 9.1 years.

The incidence of each fracture type is shown in Table 1, 
with only the incidence of vertebral fractures having 
decreased significantly among individuals ≥ 50 years of 
age over our 11-year period of observation (p = 0.001). With 
regard to the temporal change in the incidence of each frac-
ture type, the incidence of hip fractures was significantly 
lower in 2015 than in 2004 (p = 0.013), with the incidence of 
vertebral (p < 0.001) and radius (p = 0.001) fractures being 
significantly lower in 2015 than in 2010.

The age-specific incidence of the 4 fracture types from 
2004 to 2015 is shown in Figs. 1, 2, 3, and 4. As shown in 
Fig. 1, the incidence of vertebral fracture among patients 
≥ 90 years of age increased between 2004 and 2010, but 
decreased between 2010 and 2015, with no change in inci-
dence of vertebral fractures for the other age groups. Of 

note, the incidence of vertebral fractures increased after the 
age of 70–79 years in all years of observation.

As shown in Fig. 2, the incidence of hip fractures among 
patients 80–89 years of age increased between 2004 and 
2010, but decreased between 2010 and 2015. As well, the 
incidence of hip fractures for the segment of the population 
≥ 90 years of age decreased between 2004 and 2010, but 
increased slightly between 2010 and 2015. There was no 
change in the incidence of hip fractures for the other age 
groups. Overall, the incidence of hip fracture increased with 
increasing age.

Table 1   Age-specific prevalence and incidence of hip fractures in 
2015

a Percentage of persons > 65 years in the total population
b Fractures/100,000 person-year
c Trend from 2004 to 2015

Years 2004 2010 2015 p valuec

Population > 50 years 38,410 37,013 34,868
 % > 65 years (= aging rate)a 34.3 36.8 40.3

Number > 50 years
 Hip 83 115 112
 Vertebra 160 191 145
 Radius 51 89 60
 Humerus 25 23 20

Incidenceb

 Hip 216 267 249 0.470c

 Vertebra 417 464 352 0.001c

 Radius 133 237 170 0.955c

 Humerus 65 58 51 0.358c

Fig. 1   Age-specific incidence of vertebral fracture from 2004 to 
2015. The incidence of vertebral fractures among patients ≥ 90 years 
of age increased between 2004 and 2010, and subsequently increasing 
through 2015

Fig. 2   Age-specific incidence of hip fracture from 2004 to 2015. The 
incidence of hip fractures was higher in 2015 than for the 2004–2010 
period for the segment of the population 80–89  years of age, but 
lower for the segment of the population ≥ 90 years of age
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As shown in Fig. 3, the incidence of distal radius fractures 
did not differ according to age. The incidence increased for 
all age groups between 2004 and 2010, and decreased for all 
age groups between 2010 and 2015.

As shown in Fig. 4, the incidence of proximal humeral 
fractures was stable over time for all age groups, except for 
the segment of the population ≥ 90 years of age. For this age 

group, the incidence of proximal humeral fractures was sta-
ble between 2004 and 2010, but decreased sharply between 
2010 and 2015. The incidence of proximal humeral fractures 
increased steeply once patients reached the age of 90 years 
in 2004 and 2010, but not in 2015.

With regard to the use of anti-osteoporotic agents before 
the fracture, only 14.5% of the patients were on anti-osteo-
porotic drug therapy for > 6 months before the fracture. 
Without considering the length of anti-osteoporotic drug 
therapy, 25.7% of patients with vertebral fracture were tak-
ing anti-osteoporotic agents at the time of fracture, 11.6% 
of patients with hip fractures, 6.7% of patients with distal 
radius fractures, and 10.0% with humeral fractures. With 
respect to the type of anti-osteoporotic agent used, including 
those using a combined therapy of each anti-osteoporotic 
agent, the proportional distribution was as follows: 9.0%, 
bisphosphonate; 1.7%, selective estrogen receptor modula-
tors; 10.0%, vitamin D; 0.3%, teriparatid; and 1.7%, calcium 
preparation. None of the patients in our study sample used 
denosumab. The percentage of patients who were on anti-
osteoporotic drug therapy was higher in 2015 compared to 
2004 (4% for both hip and vertebral fractures [4]) and 2010 
(7.6%) [7].

Thoracic and lumbar spine radiographs were obtained 
from 332 of the 337 patients in our study sample, at an aver-
age age of 84.4±8.9 years. Pre-existing vertebral fractures 
were identified in 69.6% of patients with a hip fracture (one 
level, 21.4%, and ≥ 2 levels, 48.2%), in 55.0% of patients 
with a humeral fracture (one level, 15.0%, and ≥ 2 levels, 
40.0%) and in 35.6% of patients with a distal radius fracture 
(one level, 15.6%, and ≥ 2 levels, 20.1%). Among patients 
with pre-existing vertebral fractures, the fracture was at a 
single level in 42.5% of cases, which likely was their first 
episode of vertebral fracture, whereas fractures at 2 or more 
levels were identified in the other 57.5% of cases, which 
were likely repeated episodes.

Discussion

In this population-based study, conducted in Sado City, 
Japan, we observed a significant decrease in the incidence 
of vertebral and radial humeral fractures between 2010 
and 2015 elderly individuals. These findings are in agree-
ment with those of previous studies, which have reported 
a decrease in the incidence of hip fractures from 1995 to 
2010 in Europe and the United States [16, 19–22]. How-
ever, in Japan, the number of new cases of hip fractures 
and the incidence of these fractures have been reported to 
be increasing [23, 24]. In fact, in our previous study, we 
reported an increase in the incidence of hip fractures in Sado 
Island of the Niigata Prefecture from 2004 to 2006, which 
was a continuation of an increasing trend in hip fractures 

Fig. 3   Age-specific incidence of distal radius fracture from 2004 
to 2015. The incidence of distal radius fractures decreased, overall, 
between 2004 and 2010, with the incidence further decreasing from 
2010 to 2015 among the segment of the population ≥ 70 years of age

Fig. 4   Age-specific incidence of proximal humeral fracture from 
2004 to 2015. The incidence of proximal humeral fractures was sta-
ble over time for all age groups, except the segment of the popula-
tion ≥ 90 year of age. For this latter segment of the population, the 
incidence of proximal humeral fractures was stable between 2004 
and 2010, decreasing sharply between 2010 and 2015. Of note, in 
the 2004–2010 data, the incidence of proximal humeral fractures 
increased steeply for the age group ≥ 90 years, but not in 2015, which 
was the highest among the 4 fracture types
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that had been reported since 1985, but with no remarkable 
change in the incidence of hip fracture from 2006 to 2010 
[7]. Of note was our observation of a significant decrease 
in the incidence of hip fractures in 2015, compared to the 
incidence in 2010 [15].

We also observed a 7% increase in the number of patients 
on anti-osteoporotic drug therapy before their hip fracture 
between 2010 and 2015. We consider this finding to reflect 
a general increase in the proportion of use of anti-osteoporo-
tic agents in the general population in Japan, which likely 
contributed to the observed decrease in the incidence of 
fractures, particular vertebral fractures. In contrast, Orimo 
et al. [23, 24] reported a decrease in fracture incidence in 
some age groups, in both men and women, although the 
incidence of hip fractures may have increased. They attrib-
uted this decrease in fracture incidence to an increase in 
a wide variety of anti-osteoporotic medications, especially 
bisphosphonates, for the treatment of osteoporosis and pre-
vention of hip fractures. The reason for the specific increase 
in the incidence of hip fractures in the segment of population 
between 80 and 89 years of age is unknown. We speculate 
that individuals of this age range were likely not prescribed 
anti-osteoporotic agents after a vertebral fracture or were 
among those with asymptomatic vertebral fractures. Moreo-
ver, a prior nutritional deficit in this age group (such as a 
calcium deficiency in childhood and adolescence) may have 
led to an increase in the prevalence of osteoporosis in adult-
hood. This is especially true for older individuals (> 80 years 
old) who lived in the 1940s during World War II and/or the 
postwar period [14].

We have yet to determine the reason why the incidence 
of vertebral fractures in those aged ≥ 90 years increased in 
spite of a reduction in hip fractures in the same age group. 
We speculate that vertebral fractures in these patients might 
occur at a lower external force application, without a fall, 
than the other types of fragility fractures [7].

In 2015, a sharp increase in vertebral and hip fractures 
was observed among patients in their seventies and eighties, 
respectively. Based on these results, we should consider the 
initiation of anti-osteoporotic drug therapy among individu-
als in their mid-1970s to prevent hip and vertebral fractures. 
This is important when we consider the decreasing trend 
in hip fractures that has been reported in North America, 
Europe, and Oceania, which was principally attributed to 
an increase in the use of anti-osteoporotic drug therapy and 
biophosphonates in particular [25–29]. In our study, we 
observed a 14.5% increase in the number of patients who 
were on anti-osteoporotic drug therapy before their fracture. 
Based on these findings, we believe that there is a need to 
focus on the treatment of osteoporosis through a judicious 
increase in the prescription anti-osteoporotic agents.

In the present study, the incidence of vertebral fractures 
was lower than previously reported [30–32]. The reason for 

this discrepancy is unclear, but the low overall incidence of 
vertebral fractures in Japan has previously been reported in 
several studies [31, 32], with our findings being in agree-
ment with these reports. We speculate that this discrepancy 
results from differences in the design of our study compared 
to previous studies, including differences in the definition 
of fractures and survey protocol. Because of these differ-
ences, direct comparison between our findings and previ-
ously reported fracture incidence data in elderly populations 
may not be possible.

Of note, the mean age at the time of vertebral fracture in 
our study was higher than that in previous reports [31–34]. 
This finding likely reflects the increasing proportion of 
elderly individuals among the general population in Sado 
City (Supplementary Table 1), with an average aging rate 
of the general population of 40%, such that there is a greater 
proportion of much older adults at risk for vertebral frac-
tures. We predict that a similar trend would be detected in 
Japan, overall, which has one of the longest life expectancies 
worldwide.

In the current study, pre-existing vertebral fractures were 
identified in 70% of patients with a hip fracture, similar to 
our previous report [9, 15, 35]. Moreover, 50% of patients 
with a hip fracture had vertebral fractures at 2 or more levels, 
indicative of a high likelihood of pre-existing vertebral frac-
tures before the current fracture. We believe that vertebral 
fractures increase the risk of subsequent hip fracture and 
further vertebral fractures, which would lead to a further 
reduction in physical activity. As proponents of the “Stop 
at One” campaign, advocated by the International Osteo-
porosis Foundation [36] to prevent a ‘vertebra-to-vertebra 
chain’ of fractures and vertebra-to-hip fractures, we support 
an increase in the judicious prescription of anti-osteoporo-
tic drugs therapy and exercise, which are both important to 
improving bone health.

One limitation of our study concerns the age-adjusted 
incidence rate for those ≥ 90 years old, which includes the 
following age groups: 90–94, 95–99, and ≥ 100 years. The 
proportion of the population in these age groups in Japan, 
including in Sado City, has been increasing over time and, 
consequently, the segment of the population in each of these 
very old age groups would be larger in 2015 than in previous 
years of observation. However, we could not analyze this in 
detail as the data for these age groups are not available prior 
to 2004. This may have led to a bias in the age-specific inci-
dence for patients ≥ 90 years of age. Moreover, with regard 
to the definition of new vertebral fractures, the patients 
who had any symptoms, such as back pain, with compat-
ible radiographic findings during the follow-up period were 
diagnosed as having a new fracture in this study. However, it 
is well known that most patients with a vertebral fracture are 
asymptomatic or have few symptoms [37]. Therefore, it is 
possible that the number and incidence of vertebral fractures 
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may be underestimated. Third, patients with repeated frac-
tures had different background characteristics (such as not 
being on anti-osteoporosis drug therapy), with a possible 
over-inflation of findings as each fracture was counted as a 
new case, without taking into account patients’ background. 
Finally, although we consider that our methods were suf-
ficient to capture almost all fractures that occurred in Sado 
City, this assumption cannot be specifically evaluated and, 
therefore, there is a possibility that the incidence of the frac-
tures might be underestimated.

In conclusion, we report a decreasing trend in the inci-
dence of vertebral fractures from 2004 to 2015, with a spe-
cific significant decrease in the incidence of vertebral and 
distal radius fractures among elderly patients since 2010. 
We speculate that the main reason for this decrease in the 
incidence of these fractures reflects the increased use of 
anti-osteoporotic agents, such as bisphosphonates, with a 
specific benefit of these agents in preventing vertebral frac-
tures. Based on our findings, we recommend the judicious 
prescription of anti-osteoporotic agents to individuals in 
their mid-1970s, and older, to lower the risk for fractures. 
This would be especially important to prevent the ‘vertebra-
to-vertebra’ and the ‘vertebra-to-hip’ chain of fractures, as 
advocated by the “Stop at One” campaign.
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