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Abstract Osteoporosis is a common systemic skeletal
disease that predominantly affects people older than
50 years and often co-occurs with dementia. The purpose
of this study was to evaluate the risk of dementia
in osteoporosis patients in Taiwan. Using data from
Taiwan's National Health Insurance Research Database
(NHIRD), we identified 23,941 patients with osteoporosis
from 2000 to 2010 and 47,579 nonosteoporosis control
patients, frequency-matched for age, sex, and index year,
excluding patients with dementia at the baseline. We con-
ducted univariate and multiple Cox proportional-hazards
regression analyses to calculate the hazard ratios (HRs)
and 95 % confidence intervals (CIs) of the association
between osteoporosis and risk of dementia. After

adjustment for potential risk factors, the osteoporosis pa-
tients exhibited 1.46-fold and 1.39-fold higher risk of
dementia (95 % CI=1.37–1.56) and Alzheimer's disease
(95 % CI=0.95–2.02), respectively, compared with the
matched nonosteoporosis patients. We observed in-
creased risk of dementia in both men and women with
osteoporosis. The osteoporosis patients receiving bis-
phosphonate treatment or estrogen supplementation
were associated with significantly lower risk of demen-
tia compared with the osteoporosis patients who did
not receive any treatment. Overall, our results suggest
higher risks of dementia in osteoporosis patients than in
nonosteoporosis patients. Osteoporosis could thus be con-
sidered an early risk factor for dementia. Future large-
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scale double-blind randomized clinical trials are required
to clarify the role of medication in osteoporosis-
related dementia.

Keywords Osteoporosis . Dementia . National Health
Insurance ResearchDatabase (NHIRD) . Alzheimer's
disease

Introduction

Osteoporosis is a common systemic skeletal disease that
predominantly affects people older than 50 years
(Tysiewicz-Dudek et al. 2008) and often co-occurs with
dementia (Weller and Schatzker 2004). Approximately
4.6 million people are diagnosed with dementia annual-
ly, with an approximate doubling of the dementia pop-
ulation every 20 years. By 2020, the dementia popula-
tion is expected to have increased to 42.3 million world-
wide, with 81.1 million people predicted to be affected
by 2040 (Ferri et al. 2005). Alzheimer's disease (AD) is
the most common form of dementia and constitutes
approximately 50–70 % of all cases (Fratiglioni et al.
1991). In the United States, AD is the sixth leading
cause of death in the general population, and the fifth
leading cause of death in people aged 65 years and older
(Alzheimer’s Association 2012). AD can induce falls,
which can cause fractures, particularly in the hip
(Fujiwara et al. 1997; Cummings et al. 1995; Buchner
and Larson 1987; Weller 2000; Weller and Schatzker
2004). Among elderly people, hip fractures are associ-
ated with higher morbidity and mortality rates compared
with other osteoporotic fractures (Kanis et al. 2001,
2008; Masud and Morris 2001). Chang et al. (2004)
identified that hip fracture is the most common morbid-
ity among osteoporosis patients. Osteoporosis and de-
mentia have several common risk factors, including
older age, female sex, smoking, excessive drinking,
low levels of estrogen and vitamin D3, family history,
and the ApoE genotype (Yaffe et al. 2012). Other clin-
ical conditions, such as cardiovascular diseases, depres-
sion, head trauma, and diabetes, might also be associat-
ed with osteoporosis (Patterson et al. 2008). However, a
possible causal relationship between osteoporosis and
dementia has yet to be evaluated (Tan et al. 2005).
Therefore, we conducted a retrospective cohort analysis
to evaluate the association between osteoporosis and
dementia in Taiwan.

Materials and methods

Data source and study population

The National Health Insurance (NHI) program is a
single-payer compulsory health insurance system that
has provided insurance coverage to almost every citizen
in Taiwan since 1995. By the end of 2009, approximately
99 % of 23.74 million Taiwanese citizens were enrolled
in this program. Those without enrollment include unem-
ployed or self-employed people, or people living in re-
mote areas or overseas (Cheng 2009; Lu and Hsiao
2003). The National Health Research Institutes (NHRI)
maintains the National Health Insurance Research
Database (NHIRD), which is accessible to investigators
and the public in Taiwan. This study used a subset of the
NHIRD containing comprehensive health care data on
the ambulatory care claims, inpatient claims, and pre-
scriptions of 1,000,000 people randomly selected from
all insured beneficiaries. These data files are linkable
through an encrypted and unique personal identification
number, and thus provide a longitudinal medical history
of each individual patient. Diagnoses were based on the
International Classification of Disease, Ninth Revision,
Clinical Modification (ICD-9-CM). This study was ap-
proved by the Institutional Review Board of China
Medical University (CMU-REC-101-012).

Study patients

A retrospective cohort analysis was conducted to eval-
uate the association between osteoporosis (including
osteoporotic fractures) (ICD-9-CM codes 733.0 and
733.1) and dementia (ICD-9-CM codes 290, 294.1,
and 331.0). Patients with osteoporosis (ICD-9-CM code
733.0) and osteoporotic fracture (ICD-9-CM code
733.1) were included in the study cohort because oste-
oporosis is an underdiagnosed disease (Haasum et al.
2012). A primary discharge diagnosis of osteoporosis
was used to identify all patients diagnosed with new-
onset osteoporosis from 2000 to 2010. The exclusion
criteria were age <50 years and a history of dementia at
baseline. Patients without osteoporosis were randomly
selected from the NHIRD as the comparison cohort,
frequency-matched to the study cohort according to
age (every 5 years), sex, and index year, and subjected
to the same exclusion criteria as the study cohort.
Overall, this study included 23,941 osteoporosis pa-
tients and 47,579 control patients. All patients were
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followed up until December 31, 2010, or until loss to
follow-up, death, or withdrawal from the insurance
system.

Definitions

The following variables were considered: age (50–59,
60–69, 70–79, and ≥80 years) and sex (male or female).
Premium-based incomewas categorized into three levels:
<528, 528–640, and >640 US dollars (USD) (equivalent
to <15,840, 15,840–19,200, and ≥19,200 New Taiwan
Dollars [NTD]) (1 USD=30 NTD). The occupation cat-
egories included public servants, workers in the labor
sector (farmers, fishermen, and industry workers), busi-
nessmen, low-income earners, and others. A low income
was defined as a monthly income lower than the level
required for paying a premium. Patients with a baseline
comorbidity were identified using the ICD-9-CM code
and the Anatomical Therapeutic Chemical (ATC) code
for medication. Comorbidities included stroke (ICD-9-
CM codes: 430–438), head injury (ICD-9-CM codes:
850–854, 95901), depression (ICD-9-CM codes: 296.2,
296.3, 300.4, 31), estrogen supplementation (ATC codes:
G03CA01, G03CA03, G03CA04, G03CA06,
G03CA07, G03CA09, G03CA53, G03CA57), and bis-
phosphonate treatment (ATC codes: M05BA01,
M05BA02, M05BA03, M05BA04, M05BA05,
M05BA06, M05BA07, M05BA08), which is the prima-
ry treatment for osteoporosis.

Statistical analysis

The associations between the variables and osteoporosis
were evaluated using the chi-square test (Table 1). The
age-specific and comorbidity-specific incidence density
rates of dementia were calculated in each cohort in
person-years, and the incidence rate ratio (IRR) of each
variable was estimated using a Poisson regression.
Univariate and multiple Cox proportional hazards re-
gression analyses were conducted to calculate the haz-
ard ratios (HRs) and 95 % confidence intervals (CIs) of
the association between the risk of dementia and osteo-
porosis, controlling for the sociodemographic character-
istics and comorbid conditions. The plot of the Kaplan–
Meier analysis was used to identify the probability of a
person remaining without dementia, and the log-rank
test was used to evaluate the differences in the risk of
dementia between patients with and without osteoporo-
sis. All analyses were performed using SAS 9.2 (SAS

Institute Inc., Cary, NC, USA). The Kaplan–Meier sur-
vival curve was plotted using R software (R Foundation
for Statistical Computing, Vienna, Austria). Statistical
tests were considered significant if p<0.05 for two-
tailed values.

Results

Table 1 shows the sociodemographic characteristics and
baseline comorbidity statuses of the patients in the osteo-
porosis and nonosteoporosis cohorts. Because of frequen-
cy matching, the age and sex distributions in the two
cohorts were well balanced. In both cohorts, approximate-
ly 46 % of the patients were labor sector workers. The
osteoporosis patients were more likely to have a stroke
(21.6 % vs. 15.2 %, p<0.0001), head injury (5.01 % vs.
3.14 %, p<0.0001), and depression (7.55 % vs. 4.30 %,
p<0.0001) compared with the nonosteoporosis patients.
The percentage of patients receiving estrogen supplemen-
tation was significantly higher in the osteoporosis patients
than in the nonosteoporosis patients. The incidence den-
sity rates of dementia were approximately 11.9 and
7.0 per 1,000 person-years in the osteoporosis and
nonosteoporosis cohorts, respectively (Table 2). The over-
all IRR of dementia was 71 % higher in the osteoporosis
cohort than in the nonosteoporosis cohort, with an adjust-
ed HR of 1.46 (95 % CI, 1.37–1.56). Following age
stratification, the incidence rate of dementia increased
with age in both cohorts. We observed the highest IRRs
and adjusted HRs in the patients aged 50–59 years.

The osteoporosis patients with or without comorbidi-
ties were associated with significantly higher risk of de-
mentia than the nonosteoporosis patients were. Table 3
shows the incidence rates and adjusted HRs of dementia
and AD in the osteoporosis and nonosteoporosis cohorts.
The patients with osteoporosis or pathologic fracture ex-
hibited 1.59-fold (95 % CI=1.48–1.70) and 1.94-fold
(95%CI=1.19–3.18) higher risk of developing dementia,
respectively, compared with the patients without osteopo-
rosis or pathologic fracture. The patients with osteoporosis
were also associated with 1.47-fold higher risk of devel-
oping AD (95 % CI=1.10–1.98) compared with the
nonosteoporosis patients, although we did not observe
the same trend in the patients with pathologic fracture.
Figure 1 shows the Kaplan–Meier curves of freedom for
dementia in patients with and without osteoporosis. The
patients with osteoporosis were associated with signifi-
cantly higher risk of dementia compared with the patients
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without osteoporosis (log-rank test, p<0.0001). As shown
in Table 4, when we analyzed the effects of medication on
the risk of dementia in all osteoporosis patients, the oste-
oporosis patients receiving bisphosphonate treatment, es-
trogen supplementation, or both, exhibited 0.73-fold,
0.76-fold, and 0.53-fold lower risk of dementia, respec-
tively, than did the osteoporosis patients not receiving any
treatment (all p<0.001).

Discussion

According to our research, our study is the first nation-
wide population-based study to investigate the risk of
dementia in osteoporosis patients in Taiwan. We ob-
served significantly higher risk of dementia in the oste-
oporosis patients compared with the nonosteoporosis

patients. This finding was observed in men and in wom-
en. Our results were consistent with those from previous
studies, in which low bone mineral density (BMD) and
osteoporosis were associated with increased risk of AD
(Chang et al. 2004; Loskutova et al. 2009; Häussler et al.
2007; Cheng 2009).

In Taiwan, a diagnosis of osteoporosis is based on the
patient's BMD measurements, captured using dual X-ray
absorptiometry (in the hip and spine) and ultrasound
densitometry (in the heel), and defined as a BMD
<(mean−2.5 SD) of the population. Our findings
contrasted with the results of some previous studies, in
which osteoporosis was not associated with increased risk
of dementia (Wright 2007; Haasum et al. 2012;
Giangregorio et al. 2009). However, these studies used
a patient's medication to identify a diagnosis of

Table 1 Comparison of baseline
characteristics between patients
with and without osteoporosis,
Taiwan 2000

P value using Chi-square test

Osteoporosis

No Yes

N=47,579 N=23,941

n (%) n (%) P value

Age, mean (years) 65.5 67.5

50–59 13,333 28.0 6,649 27.8 0.17

60–69 14,465 30.4 7,250 30.3

70–79 14,285 30.2 7,141 29.8

80+ 5,496 11.6 2,901 12.1

Gender

Female 37,069 77.9 18,686 78.1 0.67

Male 10,510 22.1 5,255 22.0

Monthly income (USD)

<528 15,966 33.6 8,117 33.9 0.006

528–640 24,618 51.7 12,515 52.3

≥640 7,000 14.7 3,309 13.8

Occupation

Public servants 4,833 10.3 2,716 11.3 <0.0001

Labor 21,659 45.5 11,510 48.1

Businessman 13,328 28.0 5,579 23.3

Low income earners 292 0.61 123 0.51

Others 7,417 15.6 4,013 16.8

Comorbidity

Stroke 7,239 15.2 5,167 21.6 <0.0001

Head injury 1,496 3.14 1,200 5.01 <0.0001

Depression 2,048 4.30 1,807 7.55 <0.0001

Estrogen supplement 12,260 25.8 10,711 44.7 <0.0001
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osteoporosis, which could have led to the underestimation
of the sample size. We identified our osteoporosis patients
using their medication and by referring to their clinical
examination results to increase the validity of diagnoses.

Previous studies have observed a negative correlation
between estrogen and the risk of osteoporosis or demen-
tia (Tan et al. 2005; Yaffe et al. 1999; Henderson 2009).
Jilka et al. (1992) described that reduced estrogen levels
can promote the development of osteoclasts. Our evalu-
ations of the effects of estrogen supplementation among
the osteoporosis patients indicated lower risk of dementia
in the patients receiving estrogen supplementation com-
pared with those not receiving any treatment. However,

because of estrogen supplementation for osteoporosis
prevention, a person who receives estrogen supplemen-
tation is not necessarily an osteoporosis patient (Orimo
et al. 2012). The most common medication prescribed to
osteoporosis patients in Taiwan is bisphosphonates,
which can cause apoptosis in osteoclasts (Hughes et al.
1995). Therefore, bisphosphonates would only be pre-
scribed after a confirmed medical diagnosis of osteopo-
rosis. Our results indicated a negative correlation between
osteoporosis treatment and the risk of dementia among
osteoporosis patients, particularly in those receiving both
bisphosphonates and estrogen supplementation. In previ-
ous observational studies, hormone or estrogen therapy

Table 2 Comparisons of dementia incidences between patients with and without osteoporosis and associated hazard ratios by age, gender,
comorbidity and medication, Taiwan 2000–2010

Osteoporosis

No Yes

Variables Event PY Ratea Event PY Ratea IRRb (95 % CI) Adjusted HRc (95 % CI)

All 2,045 294,210 6.95 1,790 150,328 11.9 1.71 (1.65–1.78)*** 1.46 (1.37–1.56)***

Stratify age (years)

50–59 84 98,562 0.85 91 49,782 1.83 2.14 (1.96–2.34)*** 1.85 (1.33–2.56)***

60–69 401 97,745 4.10 389 49,563 7.85 1.91 (1.78–2.06)*** 1.87 (1.61–2.17)***

70–79 1,013 77,340 13.1 838 39,833 21.0 1.61 (1.50–1.72)*** 1.52 (1.39–1.67)***

80+ 547 20,562 26.6 472 11,150 42.3 1.59 (1.44–1.76)*** 1.49 (1.32–1.69)***

Gender

Female 1,537 240,540 6.39 1,330 124,127 10.7 1.68 (1.60–1.75)*** 1.44 (1.33–1.55)***

Male 508 53,670 9.47 460 26,201 17.6 1.85 (1.71–2.01)*** 1.50 (1.32–1.70)***

Comorbidity

Stroke

No 1,342 256,634 5.23 1,095 121,918 8.98 1.72 (1.64–1.80)*** 1.53 (1.41–1.66)***

Yes 703 37,576 18.7 695 28,410 24.5 1.31 (1.20–1.43)*** 1.33 (1.19–1.48)***

Head injury

No 1,935 286,940 6.74 1657 144,426 11.5 1.70 (1.63–1.77)*** 1.47 (1.37–1.57)***

Yes 110 7270 15.1 133 5,902 22.5 1.49 (1.23–1.81)*** 1.29 (1.00–1.66)

Depression

No 1,895 283,938 6.67 1,589 140,584 11.3 1.69 (1.63–1.76)*** 1.46 (1.36–1.56)***

Yes 150 10,272 14.6 201 9,744 20.6 1.41 (1.20–1.66)*** 1.44 (1.16–1.79)***

Estrogen supplement

No 1,711 211,981 8.07 1,265 70,945 17.8 2.21 (2.11–2.32)*** 1.52 (1.41–1.64)***

Yes 334 82,229 4.06 525 79,383 6.61 1.63 (1.51–1.75)*** 1.26 (1.09–1.44)**

a Incidence rate, per 1,000 person-years
b Incidence rate ratio
cMultiple analysis including age, sex, income, occupation, comorbidities and estrogen supplement

*p<0.05, **p<0.01, ***p<0.001
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reduced the incidence, or delayed the onset, of dementia,
primarily AD (Yaffe et al. 1998; Zandi et al. 2002).
Estrogen receptors exist on cholinergic neurons and exert
neurotropic, antioxidant, and anti-inflammatory effects
(Schneider and Finch 1997; Turgeon et al. 2004).
Patients with dementia are less likely to receive osteopo-
rosis medication, such as bisphosphonates, than patients
without dementia, and— if prescribed— the medication
might be of low potency (Haasum et al. 2012).

Unhealthy behaviors, such as cigarette smoking and
alcohol drinking, are associated with increased risk of AD
and osteoporosis (Cheng 2009; Tysiewicz-Dudek et al.
2008; Zhou et al. 2011; Cataldo et al. 2011; Deng et al.
2010; Oddo et al. 2005; Juan et al. 2004; Peters et al.
2008). In previous studies, the prevalence rate of cigarette
smoking and alcohol consumption was 3–4 % and 1 %,
respectively, in women aged over 16 years (Deng et al.
2006; Anstey et al. 2009). In Taiwan, women are not

Table 3 Comparisons of hazard ratios between patients with and without osteoporosis (or pathologic fracture) for different outcomes
(dementia and Alzheimer's disease), Taiwan 2000–2010

Variables(ICD-9-CM) Event Ratea Crude HRb (95 % CI) Adjusted HRc (95 % CI)

Outcome: dementia (ICD-9-CM 290, 294.1)

Without osteoporosis and pathologic fracture 1,943 6.60 1 (Reference) 1 (Reference)

Osteoporosis 1,693 11.3 1.71 (1.61–1.83)*** 1.59 (1.48–1.70)***

Pathologic fracture 16 21.5 3.29 (2.01–5.38)*** 1.94 (1.19–3.18)**

Outcome: Alzheimer's disease (ICD-9-CM 331.0)

Without osteoporosis and pathologic fracture 102 0.35 1 (Reference) 1 (Reference)

Osteoporosis 81 0.54 1.56 (1.17–2.09)** 1.47 (1.10–1.98)**

Pathologic fracture 0 0.00 – –

a Incidence rate, per 1,000 person-years
b Related hazard ratio
cMultiple analysis including age, sex, income, occupation, stroke, head injury, depression and estrogen supplement

*p<0.05, **p<0.01, ***p<0.001

Fig. 1 Probability free of de-
mentia for patients with
(dashed line) or without
(solid line) osteoporosis
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encouraged to smoke or to drink alcohol, and are de-
scribed as more able to reject offers of cigarettes and
alcohol than men are (Annual Report of Tobacco,
Alcohol Consumption Investigation in Taiwan Area
1993). Because of the differing prevalence of alcohol
consumption and cigarette smoking between men and
women in Taiwan, as well as the absence of detailed
information on drinking and smoking habits in the
NHIRD, we used sex as a proxy variable for alcohol
drinking and cigarette smoking in our analyses.

This study has several limitations. First, the potential
exists for the underdiagnosis and undertreatment of
osteoporosis in people with dementia. Patients with
severe dementia are less likely to receive osteoporosis
treatment (Jilka et al. 1992). Second, the NHIRD does
not contain detailed information on patients' smoking
habits, alcohol consumption, socioeconomic status, or
family history of systemic diseases, all of which could
represent risk factors for osteoporosis or dementia
(Orimo et al. 2012; Hughes et al. 1995). Third, the
statistical quality of a retrospective cohort study is
regarded as lower than that of a randomized trial be-
cause of potential biases related to adjustments for con-
founding variables. Fourth, our evaluations of the ef-
fects of estrogen supplementation among the osteopo-
rosis patients indicated lower risk of dementia in the
patients receiving estrogen supplementation compared
with those not receiving any treatment. However, some
of the estrogen supplementation could have been for
local treatment; thus, not having any major systemic
effects. Finally, all data in the NHIRD are anonymous
and clinical variables such as blood pressure, estrogen
levels, imaging results, pathology results, and serum
laboratory data were unavailable for our study patients.
However, the data on osteoporosis and dementia diag-
noses were reliable.

To avoid the underdiagnosis of osteoporosis affecting
our outcome estimation, we included patients with os-
teoporosis fracture (ICD-9 733.1) in the study cohort
(Haasum et al. 2012). Study subjects with the diagnosis
of osteoporosis from1996 to 1999 were excluded at the
baseline to begin the identification of patients with
osteoporosis newly diagnosed from 2000 to 2010.
Therefore, most of prevalence cases of osteoporosis
were not likely included in the study cohort.
Furthermore, our follow-up period is long enough to
identify incident patients of dementia.

Conclusion

The findings from our large retrospective population-
based analysis indicate increased risk of dementia in
patients with osteoporosis in Taiwan. However, estrogen
supplementation and bisphosphonate treatment are as-
sociated with reduced risk of dementia among these
osteoporosis patients. Further large double-blind ran-
domized clinical trials are required to confirm these
results.
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