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Abstract
Osteoporosis remains undertreated in Japan, and bone fractures are the most frequent complications imposing heavy burden 
on individuals and the community. This paper investigates the clinical and economic burden of fractures among osteoporosis 
patients in Japan. The Japan National Health and Wellness Survey 2012–2014 database was used for analysis. Respondents 
aged ≥ 50 years and indicated a physician diagnosis of osteoporosis (N = 1107) were categorized into three subgroups: no 
prior fracture (N = 693), single fracture (N = 242), and multiple (≥ 2) fractures (N = 172). Health-related quality of life 
(HRQoL), work productivity and activity impairment, healthcare resource utilization and associated direct and indirect costs 
were compared across three fracture subgroups adjusting for respondents’ sociodemographic and clinical characteristics 
using generalized linear regression models. The estimated fracture prevalence among respondents with osteoporosis who 
were ≥ 50 years was 37.4%, of whom 41.5% had multiple fractures. Relative to osteoporosis respondents with no fracture and 
with single fracture, those with multiple fractures reported significant higher disability in HRQoL, more healthcare resource 
utilization, and were associated with higher direct costs. Improved treatment of fractures among osteoporosis patients is 
necessary and may help reduce the clinical and economic burden in this osteoporosis population.

Keywords  Osteoporosis · Bone fracture · Health-related quality of life · Work productivity and activity impairment · 
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Introduction

Osteoporosis is a systemic metabolic disease that results in 
low bone mass and deterioration in skeletal strength, caus-
ing an increased susceptibility and risk of subsequent bone 
fractures [1]. Research has found that women are at a greater 
risk of osteoporosis incidence than men, because women 

will experience more bone loss particularly when they reach 
menopause [2]. Other factors that were identified to contrib-
ute to the development of osteoporosis include aging, physi-
cal inactivity, reduced levels of estrogen, excessive cortisone 
or thyroid hormone, smoking, and excessive alcohol intake 
[3]. As we age, osteoporosis develops gradually over years. 
Studies have demonstrated that the incidence of hip fractures 
increased exponentially with age in many countries [2]. In 
Japan, it was estimated that more than 37% of its popula-
tion will be over 60 years by 2050 [4]. As the population 
ages, osteoporosis will emerge as a significant public health 
problem, although it is not currently recognized as such [5]. 
The aging population and increased number of osteoporosis 
patients will pose significant societal burden including both 
monetary (e.g., direct medical costs and caregiver costs) and 
nonmonetary costs (e.g., work absenteeism) due to patients’ 
poor health conditions [6].

Osteoporosis has been linked with a reduced quality of 
life [7–9] and greater fears of physical harm along with a 
significant economic burden [6, 10, 11]. However, as noted 
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in the call to action of Mithal et al. [12], these associations 
have been less studied in Asia. A previous study by Yama-
moto et al. [13] suggested a significant health-related qual-
ity of life (HRQoL) and economic burden among female 
patients with osteoporosis in Japan. In addition, the study 
also showed that the presence of osteoporosis had a signifi-
cant effect on HRQoL, activity impairment, and healthcare 
resource utilization among those with specific comorbidi-
ties/conditions (e.g., hypertension, high cholesterol, high 
fracture risk). However, this research was only limited to 
female patients, and it did not account for the number of 
fractures that would have a more negative effect on health 
outcomes.

Research on the effect of fractures caused by osteopo-
rosis is limited in Japan. Understanding and identifying 
factors associated with fractures may allow for better tar-
geting of efforts to strengthen prevention, as well as early 
detection and better treatment of osteoporosis. It has been 
shown that osteoporosis patients with prior fractures will 
have increased risk of future fractures, i.e., “fracture begets 
fracture” [14]. A study has found that 10–14% of patients 
will suffer another fracture each year after a hip fracture [5]. 
Thus, the study recommended clinicians who were caring 
for patients with prior fractures to consider treatment options 
for subsequent fracture prevention. Many health economic 
studies also suggested that osteoporosis therapies were more 
cost effective in patients with fractures [15, 16]. Therefore, 
assessing patient characteristics as well as clinical and eco-
nomic outcomes of fractures may assist prevention and early 
detection of osteoporosis fractures, as well as help elucidate 
the clinical and economic burden associated with fractures 
among osteoporosis patients in Japan.

In this study, we aim to evaluate the burden of fractures in 
respondents aged ≥ 50 years including both men and women 
with osteoporosis in Japan and to compare the clinical and 
economic outcomes of osteoporosis by the number of frac-
tures experienced. Results of this study will contribute to a 
better understanding of the knowledge gap in the clinical 
and economic burdens associated with fractures and unmet 
needs in osteoporosis management in Japan.

Materials and methods

Data source

This research study used the Japan National Health and 
Wellness Survey (NHWS; Kantar Health, New York, NY) 
2012–2014 database (N = 30,000 in each year). The NHWS 
is an internet-based, self-reported survey from a nation-
wide sample of adults (aged ≥ 18 years) using a stratified 
random sample framework with quotas approximating the 
gender and age distribution of the Japan general population. 

Response rates for the Japan NHWS database were 16.6% 
in 2012, 4.9% in 2013, and 15.4% in 2014. More details on 
subject recruitment and the representativeness of the NHWS 
sample can be found in other publications [17–19]. Data 
from 3 years of NHWS from 2012–2014 were pooled to 
increase sample size and statistical power. Only the most 
recent data were kept for respondents who had data collected 
in multiple years. The NHWS received Essex Institutional 
Review Board (Lebanon, NJ, USA) approval, and informed 
consents were obtained from all NHWS participants prior 
to joining the study [17].

Study population

The study population for this research is all unique 
respondents who completed the 2012–2014 Japan NHWS 
aged ≥ 50 years, and self-reported a diagnosis of osteopo-
rosis by a physician (N = 1107). The selection of study sub-
jects for analysis is illustrated in Fig. 1.

Measures

Demographics and health characteristics

Age, sex, education, household income level, health insur-
ance status, employment status, smoking status, exercise 
behaviour, alcohol use, body mass index (BMI; converted 
to underweight: BMI < 18.5 kg/m2, normal weight: 18.5 kg/
m2 ≤ BMI < 25 kg/m2, obese: BMI ≥ 25 kg/m2, or decline 
to answer), and the Charlson Comorbidity Index (CCI) were 
analysed. The CCI is a weighted summary score that meas-
ures one’s comorbid burden with greater scores indicating 
greater comorbid burden [20]. The self-reported diagnosis 
of the following conditions was collected, and summed and 
weighted to calculate the CCI: chronic pulmonary disease, 
rheumatologic disease, diabetes without chronic complica-
tions, congestive heart failure, dementia, mild liver disease, 
myocardial infarction, peripheral vascular disease, cerebro-
vascular disease, peptic ulcer disease, diabetes with chronic 
complications, renal disease, hemiplegia or paraplegia, any 
tumours, leukaemia, lymphoma, moderate or severe liver 
disease, AIDS/HIV, and metastatic solid tumour. More 
details on each of demographics and health characteristics 
can be found in Table 1.

Osteoporosis diagnosis and number of prior fractures

Respondents who self-reported a diagnosis of osteoporosis 
by a healthcare provider were considered to have osteopo-
rosis (henceforth ‘osteoporosis respondents’). Respondents 
who reported a diagnosis of osteopenia, but did not report 
a diagnosis of osteoporosis were excluded. All osteoporo-
sis respondents were asked to report the number of bone 
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fractures experienced since the age of 50. Respondents who 
had osteoporosis and fractures were defined as those who 
reported a diagnosis of osteoporosis and experienced one 
or more bone fractures. Furthermore, they were categorized 
into three groups based on the number of bone fractures 
experienced: (1) no prior fracture group (N = 693); (2) 
single fracture group (N = 242); and (3) multiple fractures 
group (≥ 2 bone fractures; N = 172).

Osteoporosis treatment

Respondents were also asked several questions in relation 
with the treatment of their osteoporosis, including diag-
nosing and treating physician specialty, location of receipt 
of medicating treatment, ever prescribed treatment, ever 
recommended treatment, use of calcium and/or vitamin D 
supplements, use of over-the-counter products, and use of 
herbal products. Osteoporosis respondents who reported of 
taking at least one type of prescription medication listed in 

Supplementary Table S1 were considered as currently tak-
ing prescription medication. In addition, medication adher-
ence (low, moderate, and high adherences) was also assessed 
using the validated Morisky Medication Adherence Scale 
(MMAS-8©) [21].

Health‑related quality of life (HRQoL)

HRQoL was measured using the Short-Form-36 version 2 
(SF-36v2) including three metrics: (1) physical component 
summary (PCS); (2) mental component summary (MCS) 
scores (range 0–100); and (3) health state utilities derived 
via the SF-6D algorithm (range 0–1) [22, 23]. Higher scores 
indicate better quality of life.

Work productivity and activity impairment (WPAI)

The health burden on work-related activities was measured 
using the validated WPAI questionnaire that consists of 

Fig. 1   Flow chart of study sam-
ple selection. NHWS National 
Health Wellness Survey, OP 
osteoporosis respondents
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four metrics: (1) absenteeism (percentage of work time 
missed in the past 7 days); (2) presenteeism (percentage 
of impairment experienced at work in the past 7 days); 
(3) overall work productivity loss (a combination of 
absenteeism and presenteeism); and (4) activity impair-
ment (percentage of daily activity impairment in the past 
7 days) [24]. Absenteeism, presenteeism, and overall work 
productivity loss were collected from currently employed 
NHWS respondents only, while activity impairment data 
were collected from all NHWS respondents. All WPAI 

measures range from 0 to 100%, and higher scores indicate 
more impairment.

Healthcare resource utilization

Healthcare resource utilization-related outcomes were 
considered in terms of the self-reported number of health-
care providers (practitioner/family practitioners, intern-
ists, dentists, and more specialized physicians) seen, the 
number of emergency room (ER) visits, and the number of 

Table 1   Demographics and health characteristics of the study population with osteoporosis by fracture subgroup

Variables in interval/ratio scale, e.g., age and Charlson comorbidity index, were expressed as mean ± SD and compared using one-way ANOVA 
test; nominal variables were expressed as N (%) and compared using Pearson’s Chi-square test; Post-hoc pairwise comparisons were conducted 
for significant variables using the Bonferroni correction; for variables with more than two categories, values in the same row not sharing the 
same subscript are significantly different at p < 0.05

Demographics and clinical characteristics Total, N (%) 
(N = 1107)

Fracture subgroups, N (%) p value

No prior fracture 
(N = 693)

Single fracture 
(N = 242)

Multiple fractures 
(N = 172)

Age (mean ± SD) 66.6 ± 6.3 66.1 ± 6.6a 67.1 ± 6.1a,b 68.2 ± 5.3b < 0.001
Gender
 Female 1014 (91.6) 633 (91.3) 222 (91.7) 159 (92.4) 0.89

Marital status
 Married or living with partner 770 (69.6) 507 (73.2)a 158 (65.3)a,b 105 (61.0)b 0.002

Education
 University degree 296 (26.7) 194 (28.0) 64 (26.4) 38 (22.1) 0.29

Employment status
 Currently employed 250 (22.6) 160 (23.1) 56 (23.1) 34 (19.8) 0.63

Household income
 < ¥3,000,000 257 (23.2) 138 (19.9)a 77 (31.8)b 42 (24.4)a,b 0.006

¥3,000,000 to < ¥5,000,000 323 (29.2) 213 (30.7)a 54 (22.3)b 56 (32.6)a,b

 5,000,000 to < ¥8,000,000 203 (18.3) 131 (18.9) 49 (20.2) 23 (13.4)
 ≥ ¥8,000,000 190 (17.2) 123 (17.7) 39 (16.1) 28 (16.3)
 Decline to answer 134 (12.1) 88 (12.7) 23 (9.5) 23 (13.4)

Health insurance
 National health insurance 783 (70.7) 473 (68.3) 179 (74.0) 131 (76.2) 0.11
 Social insurance 254 (22.9) 177 (25.5) 48 (19.8) 29 (16.9)
 Late stage elderly insurance 46 (4.2) 26 (3.8) 12 (5.0) 8 (4.7)
 Other 14 (1.3) 12 (1.7) 1 (0.4%) 1 (0.6)

No insurance 10 (0.9) 5 (0.7) 2 (0.8%) 3 (1.7)
Body Mass Index
 Obese 107 (9.7) 63 (9.1) 22 (9.1) 22 (12.8) 0.26
 Normal 810 (73.2) 507 (73.2) 179 (74.0) 124 (72.1)
 Underweight 176 (15.9) 115 (16.6) 35 (14.5) 26 (15.1)
 Decline to answer 14 (1.3) 8 (1.2) 6 (2.5) 0 (0.0)

Smoking status
 Current 115 (10.4) 73 (10.5) 25 (10.3) 17 (9.9) 0.89
 Former 196 (17.7) 122 (17.6) 47 (19.4) 27 (15.7)
 Never 796 (71.9) 498 (71.9) 170 (70.2) 128 (74.4)

Current alcohol drinker 621 (56.1) 385 (55.6) 144 (59.5) 92 (53.5) 0.43
Regular exercise 572 (51.7) 353 (50.9) 136 (56.2) 83 (48.3) 0.23
Charlson comorbidity index (mean ± SD) 0.35 ± 1.24 0.29 ± 0.69a 0.30 ± 0.72a 0.64 ± 2.67b 0.003
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hospitalizations due to respondents’ own medical conditions 
in the past 6 months.

Direct and indirect costs

Indirect costs were calculated using the human capital 
method by integrating WPAI measures (absenteeism and 
presenteeism) and hourly wage rates from the Japan Basic 
Survey on Wage Structure, 2011 [25, 26]. Direct costs were 
estimated by multiplying unit costs for physician visit, emer-
gency room visit, and hospitalization obtained from Ministry 
of Health, Labour and Welfare, Japan [27–29] by the number 
of visits in the past 6 months, where the unit costs were 
the average costs per person per healthcare facility visit for 
any conditions and treatments. Both indirect and direct costs 
were annualized.

Statistical analysis

The underlying distributions of respondent characteristics 
and health outcomes for osteoporosis respondents were 
summarized using means and standard deviations for inter-
val/ratio variables and using counts and percentages for 
nominal variables. Pearson’s Chi-square test was used to 
compare nominal respondent characteristic variables and 
one-way ANOVA test for interval/ratio respondent char-
acteristic variables among osteoporosis respondents with 
no, single, and multiple fractures. The association between 
the increased number of fractures experienced and health 
outcomes was examined through generalized linear mod-
els (GLMs). In GLMs, fracture severity (none, single and 
multiple) was used as the primary predictor of health out-
comes, and the “none” category was treated as the reference 
category. Other covariates included in the model were age, 
gender, body mass index (BMI), marital status, education, 
employment, household income, health insurance status, 
smoking status, alcohol consumption, exercise behaviours, 
and existing comorbidity burdens measured by CCI to adjust 
for potential confounding. Normal distributions were speci-
fied in the GLMs for normally distributed outcomes, i.e., 
MCS, PCS and health utilities (SF-6D), while negative bino-
mial distributions were specified for positive outcomes with 
highly skewed distributions, i.e., WPAI-related, healthcare 
resource utilization-related, and cost-related health out-
comes. Adjusted relative difference and relative risks (RRs) 
as were appropriate for GLM function specified and adjusted 
means for all health outcomes by the number of fractures 
with their corresponding 95% confidence intervals (CIs) and 
p values were reported. Pairwise comparisons of adjusted 
means among those with varying number of fractures were 
adjusted using Bonferroni correction. Statistical significance 
was assessed at a significance level of 0.05. All data analysis 
was performed using IBM SPSS Statistics 23 [30].

Results

A total of 1107 respondents aged 50 years and older report-
ing a diagnosis of osteoporosis were identified (1.3%; 95% 
CI 1.2–1.4%). Among all osteoporosis respondents, 414 
respondents reported an experience of prior fractures 
(37.4%; 95% CI 34.5–40.2%). Of those who had prior 
fractures, 41.5% (95% CI 36.8–46.3%) were found to have 
multiple fractures. Most of the osteoporosis respondents 
were female (91.6%; 95% CI 90.0–93.2%), and on average 
aged 66.6 years (SD = 6.3).

Both the single fracture and multiple fractures groups 
were more likely to be older, less likely to be married/liv-
ing with partners, and more likely to have lower household 
income compared with the no fracture group (Table 1). In 
addition, the multiple fracture group was found to have 
more comorbidity burdens (CCI 0.64 ± 2.67) compared 
with both no fracture (CCI 0.29 ± 0.69) and single fracture 
groups (CCI 0.30 ± 0.72; Table 1), p = 0.003.

The diagnosis and treatment characteristics of all osteo-
porosis respondents are summarized in Table 2. Majority 
of osteoporosis respondents were diagnosed by orthopae-
dists (63.5%). Prescription medication and calcium/vita-
min D supplements use were common. Of all osteoporosis 
respondents, 66.9 and 46.3% used prescription medication 
and calcium/vitamin D supplements to treat their osteopo-
rosis, respectively. The use of over-the counter products 
and herbal products to treat osteoporosis was, however, 
extremely uncommon among osteoporosis respondents 
(2.5 and 0.9%, respectively). Of those who were currently 
taking a prescription medication, more than half of them 
received the prescription medication from clinics (55.2%), 
and only 22.3% of them showed high adherence to osteo-
porosis medications, as measured by the MMAS-8©. A 
total of 366 osteoporosis respondents reported that they 
were not currently taking any prescription medications. 
However, 53.5% of them reported that they had ever used 
a prescription medication to treat their osteoporosis. Of 
those who have never used a prescription medication 
(N = 171), a large number of them reported that their doc-
tors have never recommended any prescription medica-
tions (84.2%).

After adjusting for relevant demographic and health char-
acteristic variables, significant decrements in health utilities 
(SF-6D) were observed with the increased number of frac-
tures (Table 3, Fig. 2 and Table S2). Respondents with single 
fracture did not differ on MCS, but they had 1.81 (p = 0.002) 
lower PCS compared with those without fracture. In addi-
tion, respondents with multiple fractures had 4.16 lower 
MCS and 3.18 lower PCS than those without any fractures, 
all p < 0.001. Respondents with multiple fractures did not 
differ significantly on PCS than those with single fracture.
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Regarding WPAI-related outcomes, no significant differ-
ence was observed between respondents with single frac-
ture and those without fracture controlling for confounding 
covariates (Table 3, Fig. 3 and Table S2). Moreover, osteo-
porosis respondents with multiple fractures were found to 
have significantly higher absenteeism (RR 4.0; p < 0.001) 
and activity impairment (RR 1.3; p = 0.001) than those 
without fracture, but significantly higher absenteeism only 
compared with those having single fracture (adjusted mean 
difference: 5.73; p = 0.01). Finally, indirect costs, which 
were calculated from observed overall work productivity 
impairment and national average wage rate, were not signifi-
cantly different among various fracture subgroups (Table 3, 
Fig. 4, and Table S2), as indicated by the non-significant 
difference observed in overall work productivity impairment 
among different fracture subgroups.

After adjustments, the number of hospitalizations 
increased concomitantly with the increased number of frac-
tures (adjusted means: 0.6 (no fracture); 1.2 (single frac-
ture); 2.5 (multiple fracture); all groups p < 0.05; Table 3, 
Fig. 5, and Table S2). In addition, respondents with mul-
tiple fractures were found to have significantly higher 
number of healthcare provider visits (RR 1.4; p < 0.001) 

and emergency room visits (RR 2.2; p < 0.001) than those 
without fracture, but no significant difference was observed 
between respondents with multiple fractures and single frac-
ture. Last but not least, directs costs were significantly differ-
ent among respondents with no, single and multiple fractures 
(Table 3, Fig. 4 and Table S2).

Discussion

Previous studies in Japan used the NHWS data set to esti-
mate the burden of osteoporosis in women [13, 31], but 
osteoporosis and fractures are not restricted to postmeno-
pausal women only. It has been continuously reported that 
men are also at risk of osteoporosis, and they have more 
osteoporosis-related complications compared with women 
[32, 33]. The present study examined osteoporosis and frac-
tures associated with both male and female respondents, and 
men were found to account for approximately 9% of the total 
osteoporosis cases. Our study, therefore, generated a broader 
view of the prevalence and burden of osteoporosis as well 
as fractures in the Japan population aged 50 years and older.

Table 2   Self-reported diagnosis and current treatment among respondents with a diagnosis of osteoporosis

Diagnosed osteoporosis 
respondents (N = 1107)
N (%)

Who diagnosed your osteoporosis?
 Orthopaedist 703 (63.5)
 General Internist 259 (23.4)
 Gynaecologist 38 (3.4)
 Rheumatologist 27 (2.4)
 Other 69 (6.2)

Current non-prescription supplement and medication use
 Uses calcium or vitamin D supplements for osteoporosis 512 (46.3)
 Uses over-the-counter products for osteoporosis 28 (2.5)
 Uses herbal products for osteoporosis 10 (0.9)

Current prescription use
 Currently take a prescription medication for osteoporosis 741 (66.9)

Where did you receive your prescription to treat your osteoporosis? (N = 741 responded)
 Clinic 409 (55.2)
 Small or medium sized hospital with inpatient facility 205 (27.7)
 Larger hospital such as university hospital 127 (17.1)

MMAS-8 adherence to osteoporosis medications (N = 741 responded)
 Low adherence (< 6) 193 (26.0)
 Medium adherence (6 to < 8) 383 (51.7)
 High adherence (8) 165 (22.3)

Those who are not currently taking but have ever used a prescription medication to treat osteoporosis (N = 366) 195 (53.3)
Has a doctor ever recommended prescription medication for treating your osteoporosis? (among those who had never used prescription medi-

cation, N = 171)
 No 144 (84.2)
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Study findings showed risk factors of incremental frac-
tures among respondents on a low household income with 
higher comorbidity burdens who were not living with a part-
ner or not yet married. Besides these factors, the previous 
studies found that low bone mineral density (BMD), vitamin 
D insufficiency, time since menopause and family history of 
fractures were also associated with osteoporotic fractures, 
and respondents with multiple risk factors were more sus-
ceptible to osteoporotic fractures than those with single or 

no risk factor [31, 34, 35]. Knowing the risk factors will help 
detect patients with higher risk of fractures; thus, they may 
benefit from early evaluation and appropriate treatment to 
prevent fractures.

Osteoporosis is often undertreated [15, 36], although 
pharmacotherapy has been proven to be efficacious in 
reducing fracture incidence by over 50% [37]. Similarly, 
this study discovered that one in three respondents who 
reported a diagnosis of osteoporosis did not report taking 

Table 3   Health outcomes as a function of fracture subgroup, adjusting for demographics and clinical characteristics (N = 1107)

Both the single fracture and multiple fracture groups were compared with the no fracture group

Adjusted relative difference 95% confidence interval p value

Physical component summary (SF-36v2)
 Single fracture − 1.81 − 2.95 to − 0.67 0.002
 Multiple fractures − 3.18 − 4.47 to − 1.88 < 0.001

Mental component summary (SF-36v2)
 Single fracture − 0.43 − 1.88 to 1.03 0.56
 Multiple fractures − 4.16 − 5.81 to − 2.50 < 0.001

Health utilities (SF-6D)
 Single fracture − 0.02 − 0.04 to − 0.004 0.02
 Multiple fractures − 0.05 − 0.07 to − 0.03 < 0.001

Adjusted relative risk 95% confidence interval p value

Absenteeism (N = 236)
 Single fracture 0.7 0.4–1.1 0.12
 Multiple fractures 4.0 2.0–7.9 < 0.001

Presenteeism (N = 237)
 Single fracture 1.2 0.9–1.7 0.30
 Multiple fractures 1.4 0.9–2.1 0.12

Overall work impairment (N = 236)
 Single fracture 1.3 0.9–1.9 0.12
 Multiple fractures 1.4 0.9–2.1 0.11

Activity impairment
 Single fracture 1.1 0.9–1.3 0.34
 Multiple fractures 1.3 1.1–1.6 0.001

No. of traditional healthcare provider visits
 Single fracture 1.1 0.9–1.3 0.41
 Multiple fractures 1.4 1.2–1.7 < 0.001

No. of emergency room visits
 Single fracture 1.3 0.8–2.0 0.22
 Multiple fractures 2.2 1.4–3.4 < 0.001

No. of hospitalizations
 Single fracture 2.1 1.7–2.6 < 0.001
 Multiple fractures 4.5 3.5–5.9 < 0.001

Indirect costs (N = 236)
 Single fracture 1.4 1.0–2.0 0.04
 Multiple fractures 1.4 0.9–2.1 0.11

Direct costs (N = 1107)
 Single fracture 1.9 1.6–2.3 < 0.001
 Multiple fractures 4.3 3.5–5.2 < 0.001
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any prescription medications, leaving them to the increased 
risk of fractures. In addition, more than half of the NHWS 
osteoporosis respondents who were not currently taking 
any prescription medications reported that they have ever 
used an anti-osteoporosis prescription medication. Reasons 
why respondents stopped their osteoporosis treatment were 
unclear. One of the possible reasons might be due to the 
poor adherence to current osteoporosis medications among 
all osteoporosis respondents assessed by MMAS-8. Some 
other possible reasons of withdrawals from osteoporosis 

prescription medications might include the fear of side 
effects, lifestyle compatibility, the concern of the effective-
ness of anti-osteoporosis drugs and lack of communica-
tion between healthcare providers and patients which was 
reported in the previous research [38]. Moreover, respond-
ents with osteoporosis might have limited access to treat-
ment, because more than 80% of them who had never taken 
any osteoporosis drugs reported that their doctors have never 
recommended an anti-osteoporosis prescription medication 
to them before, which may indicate a poor physician–patient 

Fig. 2   Adjusted mean scores for a) physical component scores, b) 
mental component scores of the SF36v2, and c) health utility scores 
(SF-6D) by fracture subgroup (N = 1107). Points are adjusted mean 
scores with bars representing the 95% confidence intervals for 
adjusted means. Points within each panel not sharing the same shape 

(circle, square and triangle) are significantly different at adjusted p 
value < 0.05 using Bonferroni correction method. Please refer to the 
y-axis on the left for panel a) and b), and y-axis on the right for panel 
c)

Fig. 3   Adjusted mean scores 
for a) absenteeism (N = 236), 
b) presenteeism (N = 237), 
c) overall work impairment 
(N = 236), and d) activity 
impairment by fracture sub-
group (N = 1107). Points are 
adjusted mean scores with bars 
representing the 95% confidence 
intervals for adjusted means. 
Points within each panel not 
sharing the same shape (circle, 
square, and triangle) are sig-
nificantly different at adjusted p 
value < 0.05 using Bonferroni 
correction method. Please refer 
to the y-axis on the left for panel 
a) and y-axis on the right for 
panel b). On panel d), the single 
fracture group is not statistically 
different from the no fracture 
group (0) as well as the multiple 
fractures group (2+) represent-
ing by a point with a round 
circle overlapping on a square
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communication on prevention of fractures and treatment. 
The development of new osteoporosis treatments with higher 
efficacy, fewer side effects, and a more convenient dosing 
schedule is necessary to address the current problem of low 
adherence and to increase physician recommendation and 
patient uptake of osteoporosis medications.

Previous studies have shown that the presence of osteo-
porotic fracture was associated with reduced HRQoL, 
increased medical costs, and increased mortality and mor-
bidity [39–43]. Particularly, the presence of hip and/or verte-
bral fractures demonstrated significantly greater clinical and 
economic burdens compared with other types of fractures 
[40, 42, 44]. However, studies that evaluate the clinical and 
economic burdens associated with incremental osteoporotic 
fractures are limited in Japan, despite the increasing impor-
tance of research in this area due to its aging population. To 
our knowledge, only one Sweden study by Hallberg et al. 
has reported the HRQoL following multiple osteoporo-
tic fractures: osteoporosis patients who have experienced 
two or more fractures had significant lower MCS and PCS 
[44]. The results from this Sweden study, however, were at 

the bivariate level, which means that the results might be 
biased by potential confounding factors. In addition, health 
outcomes including work productivity and activity impair-
ment, healthcare resource utilization, and costs associated 
with more than one fractures were not investigated in this 
Sweden study.

On the other hand, in our study, the clinical and economic 
burdens including HRQoL, WPAI, healthcare resource uti-
lization and direct and indirect costs were estimated using 
multivariate regression models. The advantage of the use 
of multivariate regression models is to improve the balance 
of demographic and health characteristics variables among 
different fracture subgroups providing a more precise knowl-
edge of the difference in clinical and economic burdens 
among groups. In multivariate analysis, respondents with 
osteoporosis and incremental fractures demonstrated a nega-
tive association with HRQoL, particularly in SF-6D scores. 
In this study, osteoporosis respondents with a single fracture 
had significantly lower PCS scores than respondents without 
any fractures. Respondents with multiple fractures also had 
1.3 lower PCS scores than those with a single fracture, but 

Fig. 4   Adjusted mean scores 
for a) indirect costs (N = 236) 
and b) direct costs (N = 1107). 
Points are adjusted mean scores 
with bars representing the 95% 
confidence intervals for adjusted 
means. Points within each panel 
not sharing the same shape 
(circle, square and triangle) 
are significantly different at 
adjusted p value < 0.05 using 
Bonferroni correction method. 
Please refer to the y-axis on the 
left for panel a) and y-axis on 
the right for panel b)

Fig. 5   Adjusted mean scores for a) healthcare provider visits, b) 
emergency room visits, and c) number of hospitalizations (N = 1107). 
Points are adjusted mean scores with bars representing the 95% confi-
dence intervals for adjusted means. Points within each panel not shar-
ing the same shape (circle, square and triangle) are significantly dif-

ferent at adjusted p value < 0.05 using Bonferroni correction method. 
On panel a) and b), the single fracture group is not statistically dif-
ferent from the no fracture group (0) as well as the multiple fractures 
group (2+) representing by a point with a round circle overlapping on 
a square
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the effect was not statistically significant. In addition, the 
previous NHWS study did not find any significant differ-
ence in MCS of the SF-36v2 between respondents with and 
without fractures [3]. Similarly, MCS did not differ between 
respondents with and without a single prior fracture in this 
study, but we observed significantly lower MCS scores 
among respondents with multiple fractures compared to the 
other two groups. This suggests that an experience of a sin-
gle fracture will result in significant negative impact on the 
physical components of HRQoL only, and patients will start 
having reduced quality of life in the mental component as 
they get more fractures. These findings emphasize the need 
for early prevention of fractures as well as better manage-
ment in avoiding subsequent fractures among osteoporosis 
patients with prior fractures to improve patients’ quality 
of life. Furthermore, osteoporosis respondents with incre-
mental fractures were associated with higher direct costs, 
as indicated by higher healthcare resource utilization com-
pared with respondents with no/single fracture implying that 
reducing the incidence of multiple fractures would result 
in significant cost savings. No significant difference in the 
overall work productivity impairment was identified among 
different fracture subgroups which might be due to small 
sample size, because majority of the osteoporosis respond-
ents were unemployed.

This study described the overall burden of fractures 
among both male and female respondents with osteoporo-
sis. The results were not compared between female and male 
respondents because of the small sample size among male 
respondents (no fracture: n = 60; single fracture: n = 20; 
multiple fractures: n = 13). Future studies are warranted to 
compare the difference in the association between incremen-
tal fractures and poor health outcomes by gender.

Limitations

The NHWS is a self-reported internet-based cross-sectional 
survey with inherent design limitations. First, the diagnosis 
of osteoporosis as well as the number of fractures experi-
enced was purely based on self-reporting, and no clinical 
data were available to validate its accuracy. In addition, 
respondents who, in fact, had an osteoporosis but did not 
report a diagnosis were not included in this analysis because 
of the lack of the clinical information (e.g., BMD results). 
The causal relationships between the exposure and the out-
come cannot be determined in this study, because the NHWS 
is a cross-sectional survey based on prevalent cases at a sin-
gle point in time rather than incident cases.

Different types of bone fractures, e.g., a hip fracture or 
a forearm fracture, may have an impact on patients’ health 
outcomes in varying degrees. All NHWS respondents 
were asked to report the number of bone fractures expe-
rienced, but the type of bone fractures was not collected. 

The results from this study, therefore, showed an average 
effect on osteoporosis respondents with any types of bone 
fractures. Further justification of the association between 
incremental fractures and poor health outcomes stratified 
by the type of bone fractures is warranted. Moreover, the 
comparison among fracture groups may be affected by 
recall bias, because all respondents were asked to recall 
the number of fractures experienced retrospectively since 
the age of 50 rather than prospectively.

It should also be noted that the unit costs used for cal-
culating direct costs among osteoporosis respondents were 
the average costs of all costs for any conditions and treat-
ments per person per visit, and were not specific for osteo-
porosis and fracture treatment (unit costs for osteoporosis 
diagnosis and treatment were not available).

As a final limitation, the response rate to the Japan 
NHWS survey 2012–2014 was low to modest [17, 31]. 
Selection bias may exist if the likelihood of responding to 
the survey is related to both the exposure (i.e., osteoporo-
sis and fractures) and health outcomes (e.g., HRQoL). For 
example, osteoporosis patients with more severe condi-
tions might be less likely to respond to the online survey. 
The association of incremental fractures and poor health 
outcomes, therefore, could potentially be underestimated. 
Although NHWS implemented a stratified random sam-
pling procedure to approximate the demographic distribu-
tion of the Japan general population, the low-to-modest 
response rate may limit the representativeness of the study 
sample as well as the generalizability of the findings. It is 
unclear the extent to which this NHWS sample represents 
the various osteoporosis subpopulations in Japan, but the 
results from this study would provide useful information 
on burden of fracture among patients with osteoporosis 
patients in Japan.

In conclusion, approximately 40% respondents with a 
diagnosis of osteoporosis experienced at least one fracture 
and 42% of them with multiple fractures in Japan. Despite 
the high proportion of fractures among osteoporosis 
respondents, osteoporosis respondents were undertreated. 
Multiple fractures were associated with significantly worse 
HRQoL and significantly more absenteeism, hospitaliza-
tions, and direct costs compared with single/no fracture. 
Given the high proportion of fractures among osteoporosis 
respondents, low treatment rate and additional clinical and 
economic burdens (particularly among respondents with 
multiple fractures), better management, prevention and 
treatment of fractures among osteoporosis patients are nec-
essary which may help reduce the clinical and economic 
burden of fractures due to osteoporosis.
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