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Abstract
Objectives  This study aimed to investigate the association 
between thiazide use and the risk of hip fracture after 
stroke.
Setting  A population-based, propensity-matched cohort 
study was conducted on the basis of Taiwan’s National 
Health Insurance Research Database.
Participants  Patients with newly diagnosed ischaemic 
stroke between 2000 and 2011 were included. After 
propensity score matching, 7470 patients were included, 
of whom 3735 received thiazides and 3735 did not.
Outcome measures  HRs for developing hip fractures 
within 2 years after stroke were calculated using Cox 
proportional hazards regression model with adjustments 
for sociodemographic and coexisting medical conditions.
Results  Overall, patients using thiazides after stroke had 
a lower risk of hip fracture than those not using thiazides 
(8.5 vs 13.9 per 1000 person-years, adjusted HR=0.64, 
95% CI 0.46 to 0.89, p=0.007). Further sensitivity analysis 
based on the duration of thiazide use revealed that the 
risk of hip fracture tended to decrease as the duration of 
exposure of thiazides increased. However, the effect was 
significant only in patients with long-term use of thiazides 
(using thiazides for >365 days within 2 years after stroke), 
with a 59% reduction in the risk of hip fracture when 
compared with patients not using thiazide (adjusted 
HR=0.41, 95% CI 0.22 to 0.79, p=0.008).
Conclusions  The long-term use of thiazides is associated 
with a decreased risk of hip fracture after stroke.

Introduction
It is well known that hip fracture is associated 
with an increased risk of major morbidity 
and mortality.1–3 It contributes to disability, 
morbidity and mortality due to functional 
loss, and further imposes a considerable socio-
economic burden on society and contributes 
to deterioration in quality of life.3–5 Stroke 
is a major risk factor for hip fracture that 
increases the risk of hip fracture by two to 
four times.6 7 Jørgensen et al8 reported that 

the bone mineral density decreased remark-
ably soon after stroke. In addition, stroke 
increases the risk of falls; both these condi-
tions predispose to hip fractures9–11 and 
contribute to further decrease in survival 
rates and reduced recovery of independent 
mobility after stroke.7

More than half the number of patients 
with stroke had been diagnosed with hyper-
tension before stroke, and hypertension 
develops after stroke in many patients who 
were previously normotensive.12–15 Thia-
zide diuretics have been widely used as anti-
hypertensive pharmacological agents for 
over five decades.16 Previous studies have 
demonstrated that in addition to reducing 
blood pressure, thiazides modulate calcium 
homeostasis and are effective in preserving 
bone mineral density at the hip.17 Thiazides 
reduce urinary calcium excretion,18 stimulate 
osteoblast differentiation and bone mineral 
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Strengths and limitations of this study

►► This cohort study was based on a nationwide 
population database. The findings originated from 
a representative sample of one million subjects 
from Taiwan’s National Health Insurance Research 
Database.

►► This is the first study to investigate the association 
between thiazide use and the risk of hip fracture 
after stroke.

►► Some clinical information was not available from the 
claims database, such as patient lifestyles, as well 
as physical, psychiatric or laboratory examination 
data, all of which might be confounding factors.

►► Owing to patient anonymity in the National Health 
Insurance Research Database, we could not directly 
evaluate the patients to confirm the accuracy of their 
diagnoses.
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formation,19 and cause metabolic alkalosis20 that may lead 
to decreased bone resorption.21 22

Some observational studies have evaluated the rela-
tionship between the use of thiazides and the risk of hip 
fractures.23–28 One meta-analysis revealed that thiazides 
appear to reduce the risk of hip fracture.29 However, no 
current studies on this issue have focused specifically on 
patients with stroke. It is still unclear whether thiazide use 
can reduce the risk of hip fracture after stroke, given the 
profound effects that stroke has on bone mineral density 
as well as increasing the risk of falls.

Therefore, we conducted a population-based cohort 
study to investigate whether treatment with thiazides is 
associated with a reduced risk of hip fracture after stroke.

Methods
Data sources
The source of cohort data  set was the National Health 
Insurance Research Database, Taiwan. In 1995, Taiwan 
initiated a single-payer insurance programme to finance 
healthcare, called National Health Insurance (NHI), 
which covers up to 99% of Taiwanese population and has 
contracts with 97% of hospitals and clinics in Taiwan.30 31 
The  National Health Research Institute of Taiwan has 
set  up a Longitudinal Health Insurance Database for 
research purposes, by randomly choosing one million 
NHI beneficiaries. No statistically significant differences 
were found in the ages, sex or healthcare costs between 
the one million individuals in the longitudinal database 
and all NHI beneficiaries. By linking ambulatory and inpa-
tient care claims and the registry of beneficiaries, infor-
mation about patient demographics and medical records 
was obtained from the longitudinal database, and used 
for data analysis.32 The data set, which consists of de-iden-
tified secondary data for research purposes, was released 
by the NHI Bureau, and therefore written consent from 
study subjects was not possible to be obtained.

Study population
For the present study, we selected the patients with 
new-onset ischaemic stroke, between years 2000 and 2011, 
as the study population. These criteria were set as only 
the patients with ischaemic stroke because claims-based 
Stroke Severity Index (SSI) (see below) is only applicable 
to patients with ischaemic stroke, and also because among 
all the strokes, ischaemic strokes contribute to greater 
than 80%.33 The study patients were selected on the basis 
of primary discharge diagnosis of ischaemic stroke (Inter-
national Classification of Diseases, 9th Revision, Clinical 
Modification (ICD-9-CM) codes 433 and 434). We defined 
the concurrent hospitalisation and the date of new-onset 
stroke, respectively, as the index hospitalisation and the 
index date, in accordance with our earlier study.32 The 
exclusion criteria were as follows: (1) age <20 years; (2) 
history of stroke before the year 2000; (3) history of hip 
fracture before the index date; (4) simultaneous hip 

fracture diagnosis during index hospitalisation; and (5) 
mortality during index hospitalisation.

Exposure to thiazides
To identify patients taking thiazides, we identified all 
prescriptions for thiazides among the study population 
within 2 years after the date of stroke diagnosis. Patients 
who were prescribed thiazides during follow-up period 
were defined as the thiazide cohort; patients who were 
not prescribed thiazides were defined as the non-thia-
zide cohort. Sensitivity analysis was further performed to 
evaluate the effect of duration of exposure. The thiazide 
cohort was divided into three subgroups according to 
the duration of thiazide use within 2 years after stroke: 
1–90 days, 91–365 days and >365 days.

Primary outcome
Identification of patients diagnosed with new hip frac-
tures, within 2 years after stroke, was accomplished using 
ICD-9-CM codes of 820.x if patients were hospitalised 
for hip fracture. The validity of diagnosis of hip fracture 
according to a hospital inpatient assessment is considered 
acceptable.34 All subjects were followed from the index 
date until a new diagnosis of hip fracture, death or 2 years 
after stroke. Death was defined as the date a patient was 
withdrawn from the Taiwan NHI programme.35 36 The 
date of withdrawal from the NHI programme has been 
recognised as an accurate and reliable proxy for date of 
mortality.37 38

Covariates and propensity score matching
Baseline characteristics and clinical details of all the 
study patients were obtained using the ICD-9-CM and 
procedure codes from both outpatient and inpatient 
reimbursement claims. Information from each patient’s 
pre-existing clinical condition was used to calculate 
Charlson Comorbidity Index scores.39 For proxy indica-
tors to represent stroke severity, data related to the index 
hospitalisation, including diagnosis codes for hemiplegia, 
paraplegia and aphasia or operation, as well as procedure 
codes for mechanical ventilation and intensive care unit 
utilisation, were collected.40 The SSI score was also calcu-
lated to predict the severity of the neurological deficit. 
The claims-based SSI developed by Sung et al41 is highly 
correlated with the National Institutes of Health Stroke 
Scale. The baseline comorbidities and use of medications 
which were considered as possible potential confounders 
(listed in table  1) were selected according to previous 
studies.42–48 The criteria for defining pre-existing comor-
bidity was the positive diagnosis of any disease either at 
the time of a minimum of one hospital admission or two 
outpatient visits within the year prior to the index date. A 
baseline use of medication was defined as the use of these 
drugs at least 30 days during the year preceding the index 
date. The use of osteoporosis medication was defined 
as any prescription of medication including bisphos-
phonates, hormone replacement therapy, calcitonin or 
vitamin D supplementation available in Taiwan.49
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Table 1  Baseline characteristics of patients with stroke according to thiazide use after propensity score matching

Thiazide use

p ValueYes (n=3735) No (n=3735)

Demographic factors

Age (years) 0.280

 ��� <60 862 (23.1%) 811 (21.7%)

 ��� 60–79 2211 (59.2%) 2274 (60.9%)

 ��� ≥80 662 (17.7%) 650 (17.4%)

Sex 0.374

 ��� Male 2171 (58.1%) 2133 (57.1%)

 ��� Female 1564 (41.9%) 1602 (42.9%)

Socioeconomic factors

Income level (NTD) 0.267

 ��� Financially dependent 1110 (29.7%) 1120 (30.0%)

 ��� 1–19 999 1953 (52.3%) 1910 (51.1%)

 ��� 20 000–39 999 455 (12.2%) 448 (12.0%)

 ��� ≥40 000 217 (5.8%) 257 (6.9%)

Urbanisation level 0.658

 ��� 1 (most urbanised) 908 (24.3%) 953 (25.5%)

 ��� 2 1024 (27.4%) 988 (26.5%)

 ��� 3 685 (18.3%) 691 (18.5%)

 ��� 4 636 (17.0%) 610 (16.3%)

 ��� 5 (least urbanised) 482 (12.9%) 493 (13.2%)

Comorbidities

 ��� Charlson Comorbidity Index 2.84±1.83 2.83±1.86 0.822

 ��� Hypertension 3319 (88.9%) 3331 (89.2%) 0.657

 ��� Diabetes mellitus 1612 (43.2%) 1598 (42.8%) 0.744

 ��� Congestive heart failure 384 (10.3%) 394 (10.5%) 0.705

 ��� COPD 736 (19.7%) 731 (19.6%) 0.884

 ��� Chronic liver disease 347 (9.3%) 332 (8.9%) 0.546

 ��� Chronic kidney disease 351 (9.4%) 364 (9.7%) 0.609

 ��� Malignancy 197 (5.3%) 206 (5.5%) 0.645

 ��� Osteoporosis 218 (5.8%) 214 (5.7%) 0.843

 ��� Rheumatoid arthritis 40 (1.1%) 34 (0.9%) 0.483

 ��� Parkinsonism 126 (3.4%) 128 (3.4%) 0.898

 ��� Dementia 195 (5.2%) 207 (5.5%) 0.538

 ��� Depression 170 (4.6%) 173 (4.6%) 0.868

 ��� Epilepsy 51 (1.4%) 43 (1.2%) 0.406

Stroke severity proxies

 ��� SSI score 5.78±3.70 5.78±3.66 0.954

 ��� ICU 408 (10.9%) 405 (10.8%) 0.911

 ��� Mechanical ventilation 87 (2.3%) 97 (2.6%) 0.455

 ��� Hemiplegia or paraplegia 631 (16.9%) 588 (15.7%) 0.178

 ��� Aphasia 58 (1.6%) 57 (1.5%) 0.925

 ��� Neurosurgery 13 (0.3%) 14 (0.4%) 0.847

Use of medication

Antihypertensive drugs other than thiazides

Continued
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Thiazide use

p ValueYes (n=3735) No (n=3735)

 � ACEI, ARB 1543 (41.3%) 1539 (41.2%) 0.925

 � Calcium channel blockers 1720 (46.1%) 1754 (47.0) 0.430

 � β-blockers 1128 (30.2%) 1158 (31.0) 0.451

 � Loop diuretics 318 (8.5%) 325 (8.7%) 0.773

 � Aldosterone receptor antagonists 84 (2.2%) 89 (2.4%) 0.701

Anxiolytics, antipsychotics, sedatives or antidepressants 1164 (31.2%) 1184 (31.7%) 0.618

Systemic corticosteroids 225 (6.0%) 238 (6.4%) 0.533

Osteoporosis medication 130 (3.5%) 130 (3.5%) 1.000

Continuous data expressed as mean±SD and categorical data expressed as number (%).
ACEI, ACE inhibitors; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; NTD, New 
Taiwan dollars; SSI, Stroke Severity Index.

Table 1  Continued 

Figure 1  Flow diagram of the selection of study subjects.

NHI insurance premiums are based on income level. 
To assess socioeconomic status, the premiums paid were 
used as a proxy for the income level of patients and 
classified into four strata (New Taiwan dollars  ≥40 000, 
20 000–39  999, 1–19  999 and financially dependent). 
The unemployed, students, children and elderly indi-
viduals without a salary are designated as ‘fixed amount’ 
(ie, dependents) by the Bureau of National Health 
Insurance. Their insurance premiums are covered by 

the government or their foster families.50 The location 
of included patients’ living quarters, obtained from 
NHI database, was also used to stratify them in different 
levels. Urbanisation levels in Taiwan are divided into 
seven levels. Level 1 represents the most urbanised 
area and level 7 represents the least urbanised.51 52 To 
simplify the analysis, levels 5 through 7 were combined 
into a single group and are hereafter referred to as  
level 5.
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Figure 2  Kaplan-Meier curves showing estimated hip 
fracture-free probability of patients after stroke according to 
the use of thiazides.

Table 2  Risk of hip fracture for patients with stroke 
according to thiazide use

Thiazide use

Yes No

Patients (n) 3735 3735

Hip fractures 60 92

Person-years 7074.9 6596.4

Incidence rate* 8.5 13.9

Univariate model

 � Crude HR (95% CI) 0.65 (0.47 to 0.90) 1 (ref)

 � p Value 0.009

Multivariate model†

 � Adjusted HR (95% CI) 0.64 (0.46 to 0.89) 1 (ref)

 � p Value 0.007

*Per 1000 person-years.
†Multivariate Cox proportional hazard regression model, adjusting 
for all baseline characteristics (listed in table 1) and competing 
mortality.

Table 3  Risk of hip fracture for patients with stroke according to the duration of thiazide use

Duration of 
thiazide use Patients (n) Hip fractures

Person- 
years

Incidence 
rate*

Univariate model Multivariate model†

Crude HR (95% CI) p Value Adjusted HR (95% CI) p Value

Non-user 3735 92 6596.4 13.9 1 (ref) 1 (ref)

1–90 days 1488 28 2710.1 10.3 0.76 (0.50 to 1.16) 0.206 0.73 (0.48 to 1.13) 0.160

91–365 days 1296 22 2477.5 8.9 0.69 (0.43 to 1.09) 0.111 0.69 (0.43 to 1.11) 0.127

>365 days 951 10 1887.3 5.3 0.42 (0.22 to 0.81) 0.010 0.41 (0.22 to 0.79) 0.008

*Per 1000 person-years.
†Multivariate Cox proportional hazard regression model, adjusting for all baseline characteristics (listed in table 1) and competing mortality.

Necessary care was taken to decrease the patient selec-
tion bias, by matching the propensity score in order to 
balance baseline differences and covariates, and these 
include age, sex, stroke severity proxies, socioeconomic 
factors, baseline comorbidities and medication use (see 

table 1). For each thiazide user and non-user, a propen-
sity score was calculated to estimate the probability of 
thiazide use by logistic regression model with all baseline 
covariates. Propensity score similarity using a calliper 
width equal to 0.2 of SD of the logit of the score, on the 
basis of nearest-neighbour matching, was used to match 
each thiazide user with a non-thiazide user.53 54 In addi-
tion, to eliminate the possibility of different study results 
between performing and not performing propensity 
score matching, we also conducted sensitivity analyses 
that included all patients without matching.

Statistical analysis
Results are calculated and presented as mean±SD for 
continuous variables and as percentages for categorical 
variables. To evaluate differences between the thiazide and 
non-thiazide cohorts, a t test was used to analyse contin-
uous variables and a χ2 contingency table analysis for cate-
gorical variables. We used the Kaplan-Meier method to 
estimate the hip fracture-free rates and the log-rank test 
to compare differences between the survival curves. The 
HRs with 95%CIs for the association of hip fracture with 
thiazide use were calculated using univariate and multi-
variate Cox proportional hazards regression models, 
after adjustment for the baseline characteristics listed in 
table 1. Cox proportional hazards regression models were 
performed in the presence of competing risk event with 
adjustment for competing mortality.35 55 Statistical anal-
yses were conducted using Stata V.13. Results were consid-
ered significantly different when the two-sided probability 
value was <0.05.

Results
Demographic characteristics of subjects
After propensity score matching, 7470 patients with isch-
aemic stroke without previous hip fracture were included 
in our study. Among these patients, 3735 received thia-
zides and 3735 did not (figure  1). All baseline charac-
teristics were well balanced between the two cohorts. 
There were no significant differences in age, sex, income 
levels, urbanisation levels, baseline comorbidities, stroke 
severity proxies or use of medications (table 1). During 
the follow-up period, 987 patients died, which includes 
369 deaths in the thiazide cohort and 618 deaths in the 
non-thiazide cohort.
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Overall analysis depending on thiazide use
Kaplan-Meier survival analysis showed a lower cumulative 
incidence of hip fracture during the 2-year follow-up in 
the thiazide cohort than in the non-thiazide cohort (8.5 
vs 13.9 per 1000 person-years; log-rank test, p=0.003; 
figure  2). The average time from index date to hip 
fracture for patients who developed hip fracture was 
1.09 years in thiazide cohort and 0.89 years in non-thia-
zide cohort. After calculating the HRs by Cox regres-
sion models, we found that thiazide use after stroke was 
associated with a significantly lower risk in both univar-
iate (crude HR=0.65, 95% CI 0.47 to 0.90, p=0.009) and 
multivariate Cox regression models (adjusted HR=0.64, 
95% CI to 0.46–0.89, p=0.007) (table 2). Sensitivity anal-
ysis conducted without propensity score matching also 
revealed similar results (see online supplementary table 
S1).

Sensitivity analysis based on the duration of thiazide use
Sensitivity analysis was performed to examine whether 
the duration of thiazide use affected hip fracture risk 
(table 3). The average time from index date to hip frac-
ture was 0.99 years in patients using thiazides for 1–90 days, 
1.08 years in those using thiazides for 91–365 days, 
and 1.39 years in those using thiazides for  >365 days. 
Compared with non-users, long-term thiazide users 
(taking the drug >365 days within 2 years after stroke) had 
a significantly lower risk of hip fracture (crude HR=0.42, 
95% CI 0.22 to 0.81, p=0.010; adjusted HR=0.41, 95% CI 
0.22 to 0.79, p=0.008). Although no significant effect was 
observed in the two subgroups with shorter exposure 
durations, the hip fracture risk tended to be lower as the 
duration of exposure increased according to the value of 
estimated HRs (table  3). Sensitivity analysis conducted 
without propensity score matching also revealed similar 
results (see online supplementary table S2). The baseline 
characteristics of subgroups according to the duration of 
thiazide use are shown in online supplementary table S3.

Discussion
In this population-based, propensity-matched cohort 
study, we found that long-term thiazide use was associated 
with a reduced risk of hip fracture after stroke. To the 
best of the authors’ knowledge, this is the first study to 
evaluate the relationship of thiazide use and the risk of 
hip fracture after stroke.

Both stroke and hip fracture are associated with signif-
icant disability, morbidity and mortality.6 29 56 People who 
suffered stroke are at much higher risk of developing hip 
fractures within 2 years following stroke, as compared with 
general population without stroke.11 57 Therefore, the 
prevention of hip fracture is an important clinical issue 
for patients after stroke. Several studies have summarised 
the need to focus on preventing falls and avoiding loss 
of bone mineral density in order to prevent hip fracture 
after stroke.7 11 58 59

Although there are concerns that diuretics may increase 
the risk of fall in the elderly, hence increasing the fracture 
risk, there is evidence to support the notion that thiazides 
may actually prevent hip fracture by reducing the loss of 
bone mineral density, as these drugs decrease excretion 
of calcium through urine.17 24 26 28 A meta-analysis based 
on cohort studies showed that thiazide use was associated 
with a reduction in risk of hip fracture by 24% (pooled 
risk ratio=0.76).29 One large-scale, case–control study 
revealed that only the long-term use of thiazides was asso-
ciated with a reduction of 19% in the risk of hip fracture 
(OR=0.81).28 In addition, a recent secondary analysis of a 
randomised clinical trial revealed a reduction of 21% in 
the risk of hip fracture with the use of thiazides in patients 
with hypertension (HR=0.79).60 However, none of these 
studies specifically assessed patients after stroke. The 
effect of reducing hip fracture by thiazide use in patients 
after stroke had not previously been evaluated. Our study 
focused on this particular population to fill this gap in 
our knowledge, and demonstrated that long-term use 
of thiazides (using thiazides for >365 days in the 2 years 
following stroke) can significantly reduce hip fracture 
risk after stroke, with a reduction in fracture risk of 59% 
(adjusted HR=0.41). The effect of reducing hip fracture 
by thiazide use seems to be more pronounced in our study 
of patients after stroke than in previous studies focused 
on the general population. This may be explained by the 
protective effect of thiazides against the rapid decrease in 
bone mineral density after stroke.

The following are the strengths of our study: (1) The 
main strength comes from the fact that this study is 
highly representative of Taiwan’s population as the study 
employs a representative sample of one million people 
from a nationwide database, National Health Insurance 
Research Database. (2) Being a cohort study, the level of 
evidence generated in the present study is of higher level, 
as compared with case–control or cross-sectional studies. 
(3) In this study, we used propensity score matching to 
balance between thiazide users and non-users, in order 
to avoid any influence of baseline demographic and 
clinical characteristics of the included patients. Further, 
multivariate Cox proportional hazard regression models 
assisted in controlling for residual confounding factors 
that might affect the relationship between hip fractures 
and thiazide use.

Nevertheless, our study has several limitations. First, 
some clinical information was not available from the 
claims-based data, such as patient lifestyles, as well as 
physical, psychiatric or laboratory examination data, all 
of which might be confounding factors for hip fracture. 
In addition, bias related to adjustment for confounders 
might still be present in a cohort study. It is important to 
keep in mind that bias because of unknown and unmea-
sured confounding factors may exist even after including 
sufficient controls for the known confounding factors. 
Second, determination of the severity of stroke and its 
grading using stroke severity proxies is not the most appro-
priate way. Nevertheless, the claims-based SSI calculated 

https://dx.doi.org/10.1136/bmjopen-2017-016992
https://dx.doi.org/10.1136/bmjopen-2017-016992
https://dx.doi.org/10.1136/bmjopen-2017-016992
https://dx.doi.org/10.1136/bmjopen-2017-016992
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as a representative of neurological deficit matched well 
between two cohorts after tallying their propensity scores. 
A previous study on outcomes research using administra-
tive data indicated that the SSI is a potential proxy indi-
cator for ischaemic stroke severity.41 There is a significant 
correlation between the SSI and clinical stroke severity, 
scored in accordance to the National Institutes of Health 
Stroke Scale, and also there is significant association 
between SSI and the modified Rankin Scale, which is 
used for follow-up evaluations.61 Therefore, differences 
in stroke severity between the thiazide and non-thiazide 
cohorts were diminished after adequate matching. Finally, 
the NHI claim records are not for scientific analyses 
initially and are meant primarily for administrative use, 
and also because the patient data are anonymous, there is 
no way to directly confirm patients’ diagnoses.62 However, 
subjects were identified only when they were hospitalised 
for stroke or hip fracture, so that the validity of diagnosis 
of stroke and hip fracture according to claims data from 
the hospital inpatient assessment should be acceptable.

Conclusion
In summary, this population-based, propensity  score-
matched, cohort study indicated that long-term use of 
thiazides is associated with a decreased hip fracture risk 
after stroke. Further prospective randomised trials are 
needed to confirm this finding.
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