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Background: Statins have been linked to new-onset osteoporotic fractures (NOFs), and dif-

ferent statins may alter the risk for the development of NOFs.

Aim: In this study, we investigated the association between different statins and the develop-

ment of NOFs.

Patients and methods: This was a longitudinal cohort study performed using data from claim 

forms submitted to the Taiwan Bureau of National Health Insurance, including case patients with 

NOFs from January 2004 to December 2013 and non-NOF subjects. We estimated the hazard 

ratios (HRs) of NOFs associated with statin use. Nonuser subjects served as the reference group.

Results: A total of 44,405 patients with NOFs were identified from among 170,533 patients 

with hyperlipidemia during the study period. The risk of developing NOFs after adjusting for 

age, sex, comorbidities, and concurrent medication use was lower among users of atorvastatin 

(HR, 0.77; 95% CI, 0.71–0.84) and rosuvastatin (HR, 0.72; 95% CI, 0.64–0.81) than among 

simvastatin users. Lovastatin, pravastatin, fluvastatin, and pitavastatin were not associated with 

the risk of developing NOFs compared with simvastatin users.

Conclusion: This study supports previous reports regarding a beneficial effect of statin use and 

NOF risk, but not all statins. Patients taking atorvastatin or rosuvastatin were at lower risk of 

developing NOFs compared with simvastatin users during the 10-year follow-up. Other statins 

such as pravastatin, fluvastatin, lovastatin, and pitavastatin were not associated with NOFs. This 

study also highlighted that high-potency statin has a dose–response effect on lower NOF risk.
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Background
The incidence of osteoporotic fractures is increasing worldwide, especially in developed 

and developing countries.1,2 An estimated 9 million osteoporotic fractures were reported 

worldwide in 2000, and fractures of the hip and spine were found to be associated 

with an increased mortality rate of 10%–20%.3 Furthermore, recent reports estimate 

that the expected burden of osteoporotic fractures will increase by 20% by 2020 only 

in postmenopausal women.4,5 Concerns regarding the health care of osteoporotic frac-

tures, particularly in terms of new-onset osteoporotic fractures (NOFs), have gradually 

increased worldwide.6,7 Moreover, osteoporotic fractures may result in significant 

health care costs8 because they have been shown to adversely affect the health-related 

quality of life, including limitation of ambulation, depression, loss of independence, 

and chronic pain and have become a major public health burden.9
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Statins are effective agents to control hyperlipidemia 

and are widely used in the prevention of cardiovascular 

diseases.10,11 In particular, statins may influence bone 

metabolism by increasing bone formation.12 Recently, sev-

eral randomized trials have led to a debate on whether the 

use of statins is associated with a lower risk of developing 

NOFs in hyperlipidemic patients undergoing treatment.13–18 

However, the results of these studies are inconsistent, partly 

because of the inability to completely adjust for risk factors 

in baseline characteristics between statin users and nonusers 

or the short follow-up periods.19,20 It is also unclear whether 

different statins are associated with a lower risk of develop-

ing NOFs when compared with other statins in patients with 

hyperlipidemia during long-term follow-up. Therefore, the 

objective of this retrospective cohort study was to investi-

gate the effect of different statins (simvastatin, pravastatin, 

lovastatin, fluvastatin, atorvastatin, rosuvastatin, and pitavas-

tatin) on the risk of developing NOFs among hyperlipidemic 

patients in Taiwan.

Patients and methods
Study population
Data were collected from claim forms of the Taiwan National 

Health Insurance (NHI) that had been submitted to the 

Taiwan Bureau of National Health Insurance from 2002 to 

2013. The Taiwan NHI program has been operating since 

1995 and represents ~99% of Taiwan’s population. The 

claim forms contain inpatient and outpatient records. The 

information from the claim forms is stored in two tables, 

a visit table and a prescription table. Visit tables contain 

patient identification numbers, sex, age, three diagnostic 

codes, medical expenditures, and hospital and physician 

information. Prescription tables contain the quantity and 

expenditure of all drugs, surgeries, and treatments. Patients 

were included in the study if they had been diagnosed with 

hyperlipidemia and were statin users without osteoporotic 

fractures at baseline (January 1, 2004). Statin users were those 

patients who received at least a 180-day statin prescription 

during the period between  January 1, 2004, and December 

31, 2004. Nonusers were those patients who did not receive 

a statin prescription throughout the whole study period. We 

summarized the claim records of each patient into one record.

Study design
Participants were included in the study if they had been diag-

nosed with hyperlipidemia (International Classification of 

Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] 

code 272) between January 1, 2004, and June 30, 2004. At 

least one of the following enrollment criteria had to be met for 

inclusion in the study: 1) two or more outpatient visits within 

a 6-month period, 2) all prescriptions of statins continuously 

administered to the patients for >6 months within a 10-year 

follow-up period, or 3) one or more inpatient admissions with 

a diagnosis of hyperlipidemia. The primary endpoint was 

the development of NOFs, which was defined by the time an 

osteoporotic fracture (ICD-9-CM codes 733.11 and 805–829) 

or a fracture-related surgery (ICD-9-CM codes 78.1, 78.4, 

78.5, 78.9, 79, and 81) first appeared in the inpatient or out-

patient claim records. Comorbidities related to osteoporotic 

fractures were defined according to the ICD-9-CM code and 

included coronary artery disease (ICD-9-CM code 410–415), 

hypertension (ICD-9-CM code 401–405), diabetes mellitus 

(ICD-9-CM code 250), alcohol-related disorders (ICD-9-CM 

codes 291, 303, 305, 571.0, 571.1, 571.2, 571.3, 790.3, and 

V11.3), chronic obstructive pulmonary disease (COPD) (ICD-

9-CM codes 490–492 and 496), hyperthyroidism (ICD-9-CM 

code 242), liver cirrhosis (ICD-9-CM codes 571.5 and 571.6), 

stroke (ICD-9-CM code 430–438), and chronic kidney disease 

(ICD-9-CM code 585). Statins are available only by prescrip-

tion in Taiwan. Patients using only one type of statins before 

the development of NOFs were categorized as single users 

based on the type of statin prescribed, including simvastatin, 

pravastatin, lovastatin, fluvastatin, atorvastatin, rosuvastatin, 

and pitavastatin. Patients who fulfilled any of the following 

criteria were excluded from the study: 1) had a prior history 

of an osteoporotic fracture or a fracture-related surgery before 

January 1, 2004, 2) patients taking calcium supplements, 

biphosphates, selective serotonin-specific reuptake inhibitors, 

serotonin–norepinephrine reuptake inhibitors, tricyclic anti-

depressants, estrogen, or calcitonin, and 3) patients suffering 

from other major medical problems, leaving those with a life 

expectancy of <6 months. Individuals in our nonuser statin 

group did not receive statin during the entire study period 

but were administered diet control, niacin, or fibrates for the 

treatment of hyperlipidemia. Initially, 177,151 outpatients 

fulfilled the inclusion criteria; however, 3,320 patients were 

excluded based on the diagnosis of an osteoporotic fracture 

before January 1, 2004. Therefore, a total of 173,831 patients 

were enrolled in the study at baseline (Figure 1). Furthermore, 

2,045 patients who were lost to follow-up and 1,253 patients 

who died without the diagnosis of NOFs or NOF-related 

deaths were excluded. Finally, a total of 170,533 outpatients 

were included in this study. This study was approved by the 

ethics committee of Chung Shan Medical University Hospital 

(CS2-16086). Due to all patients’ records/information being 

de-identified, a patient consent to review their medical claim 

records was not required by the ethics committee of Chung 

Shan Medical University Hospital (CS2-15104).
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Statins are used to reduce the risk of cardiovascular events 

and are classified as high, moderate, or low intensity depending 

on the potency with which they reduce low-density lipoprotein 

cholesterol (LDL-cholesterol).21 High potency statin treatment 

was defined as at least 10 mg rosuvastatin and at least 20 mg 

atorvastatin; all other statin treatments were defined as hav-

ing low to moderate potency. The toxic doses of statins were 

defined as >40 mg rosuvastatin, >80 mg atorvastatin, >80mg 

lovastatin, >80 mg fluvastatin, >80 mg pravastatin, >4 mg 

pitavastatin, and >40 mg simvastatin. Currently, in Taiwan, 

seven kinds of statins (high-potency atorvastatin and rosuv-

astatin and low- to moderate-potency fluvastatin, pravastatin, 

pitavastatin, and simvastatin) are used; however, the standard 

statin dose in Taiwan is lower than that in the American Col-

lege of Cardiology/ American Heart Association guidelines.21

Statistical analysis
The basic information of the study cohort includes mean 

and standard deviation (SD) for age and duration of statin 

prescription, presented as number and percentage for sex, 

along with baseline comorbidity and medication. Student’s 

t-test and chi-square tests were used to evaluate whether there 

was a significant difference between statin-treated and statin 

nonusers. The NOF-free survival rates of the two groups were 

estimated by the Kaplan–Meier method using the log-rank 

test. This study aimed to examine the association between 

the use of certain types of statins and the risk of developing 

NOFs. The Cox proportional hazard regression model was 

used to compare the risk of NOF development between statin 

users and nonusers. The Cox proportional hazard regression 

model was also used to compare the risk of NOF develop-

ment between different statins using simvastatin as reference 

group. Adjusted hazard ratios (HRs) and 95% confidence 

intervals (CIs) were calculated, adjusting for important 

risk factors for the development of osteoporotic fractures, 

including age, sex, comorbidities, and concurrent medica-

tion use. P-values <0.05 were considered to be statistically 

significant. All statistical calculations were performed using 

statistical analysis software, version 9.3 (SAS Institute Inc., 

Cary, NC, USA).

Results
Baseline characteristics of all patients
Baseline characteristics, comorbidities, and concurrent medi-

cation use among the overall study population are presented 

in Table 1. Among 170,533 eligible patients with defined 

hyperlipidemia, 44,405 (26.0%) developed NOFs from 

January 2004 to December 2013. There were more men than 

women in this study population. The mean age of patients 

with statin user group was 67.0 years and that of nonuser 

group was 66.4 years, which was statistically significantly 

different (p<0.0001).

Patients in the statin user group had more comorbidities, 

including alcohol-related disorders, COPD, chronic kidney 

disease, diabetes mellitus, hypertension, hyperthyroidism, 

liver cirrhosis, coronary artery disease, and stroke. There 

was a higher percentage of hormone replacement therapy, 

fibrates, and niacin users in the nonuser group than that in 

the statin user group. Regarding the duration of use of the 

statin subtype in this study, lovastatin was used for the longest 

duration and pitavastatin was used for the shortest duration.

Relative risk of NOF
Results of the Kaplan–Meier survival analysis are shown in 

Figure 2, which indicate that the risk of developing NOFs 

was significantly lower among statin users than that among 

the nonuser cohort (log-rank test; p<0.001).

The analyses by defined daily doses (DDDs) indicated 

a tendency of decreasing risk for NOFs with increasing 

DDDs. The high DDDs (91–365 and ≥366) of statins showed 

a significantly lower risk for NOF development (crude HR, 

0.37; 95% CI, 0.36–0.39; adjusted HR, 0.32; 95% CI, 0.31–

0.34). Conversely, the low DDDs (<28) of statins revealed 

Figure 1 Flowchart of selection of patients for the inclusion in this study.

170,533 patients included
in this study on December
31, 2013

3,298 patients excluded who
were lost to follow-up or
died

173,831 patients identified
for detailed evaluation

177,151 patients
identified on January 1,
2004

3,320 patients excluded
based on osteoporotic
fracture diagnosis before
January 1, 2004
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a  significant association with the risk for NOF development 

(crude HR, 1.24; 95% CI, 1.18–1.30; adjusted HR, 1.07; 

95% CI, 1.02–1.13).

The crude HR of developing NOFs was lower among 

nonusers (HR, 0.85; 95% CI, 0.80–0.91, Table 2) compared 

with simvastatin users. However, after adjusting for age, sex, 

comorbidities, and concurrent medication use, the risk for 

NOF development was not associated with the nonusers (HR, 

0.99; 95% CI, 0.93–1.06, Table 2). Patients who took ator-

vastatin (crude HR, 0.76; 95% CI, 0.70–0.83; adjusted HR, 

0.77; 95% CI, 0.71–0.84) and rosuvastatin (crude HR, 0.70; 

95% CI, 0.62–0.79; adjusted HR, 0.72; 95% CI, 0.64–0.81) 

were at lower risk of developing NOFs compared to that of 

simvastatin users. Lovastatin, pravastatin, fluvastatin, and 

pitavastatin were not associated with the risk of developing 

NOFs compared with simvastatin users (p>0.05, Table 2). 

Finally, lipophilic and hydrophilic statins showed similar 

effects in patients with hyperlipidemia in terms of the risk 

of developing NOFs.

Discussion
This study indicated that the risk of developing NOFs was 

significantly lower among statin users than among nonus-

ers, suggesting that using a statin continuously may have a 

potential impact of preventing the development of NOFs. 

This study also demonstrated that the use of atorvastatin and 

rosuvastatin was independently associated with a decreased 

risk of NOF development compared with simvastatin users in 

hyperlipidemic patients. Lovastatin, pravastatin, fluvastatin, 

and pitavastatin were not associated with the risk of NOF 

development compared to that of simvastatin users in patients 

with hyperlipidemia. Finally, the study also showed that statin 

has a dose–response effect on lower NOF risk.

In the current study, patients using high DDDs (91–365 or 

≥366) of statin use were found to have a significantly protec-

tive effect against NOFs, whereas low DDDs of statin use 

were significantly associated with a higher risk of developing 

NOFs. It demonstrated that statin has a dose–response effect 

on lower NOF risk. To our knowledge, this is the first study 

to directly compare the incidence of osteoporotic fractures in 

patients treated with different statins. All the previous NOF 

studies were placebo-controlled or head-to-head comparison 

trials and had a short duration (2–5 years).13–18 These observa-

tional studies did not use a DDD for continuous prescription 

of statins. However, we are not certain whether our finding 

is consistent with those of observational studies. Additional 

studies using a DDD for continuous prescription of statins 

are required in the future.

In this study, pravastatin was not significantly associated 

with a decrease in the risk of NOF development compared 

Table 1 Baseline characteristics of all patients between statin 
users and nonusers

Variable Statin users
N = 115,590

Nonusers
N = 44,943

p-value

Age, years, mean (SD) 67.0 (10.0) 66.4 (8.4) <0.0001
Sex, n (%) <0.0001

Female 51,759 (44.8) 23,615 (52.5)
Male 63,834 (55.2) 21,331 (47.5)

Comorbidity, n (%)
ALD 2,081 (1.8) 674 (1.5)
COPD 42,537 (36.8) 15,101 (33.6) <0.0001
CKD 4,508 (3.9) 1,124 (2.5) <0.0001
DM 49,010 (42.4) 7,461 (16.6) <0.0001
Hypertension 86,577 (74.9) 20,674 (46.0) <0.0001
Hyperthyroidism 2,312 (2.0)  539 (1.2) <0.0001
Liver cirrhosis 1,272 (1.1) 1,169 (2.6) <0.0001
CAD 45,889 (39.7) 10,247 (22.8) <0.0001
Stroke 28,666 (24.8)  7,685 (17.1) <0.0001

Concurrent medication, 
n (%)

HRT 18,686 (16.2) 10,960 (24.4) <0.0001
Fibrates 6,295 (5.5) 10,835 (24.1) <0.0001
Niacin 61,652 (5.3) 2,715 (6.0) <0.0001

Duration of statin treatment,  
years, mean (SD)

Simvastatin 3.93 (2.99) 0
Lovastatin 5.37 (3.49) 0
Pravastatin 4.07 (3.38) 0
Fluvastatin 4.54 (3.38) 0
Atorvastatin 3.97 (3.22) 0
Rosuvastatin 3.07 (2.21) 0
Pitavastatin 1.43 (0.37) 0

Abbreviations: ALD, alcohol-related disorder; COPD, chronic obstructive 
pulmonary disease; CKD, chronic kidney disease; DM, diabetes mellitus; CAD, 
coronary artery disease; HRT, hormone replacement therapy.

Figure 2 Kaplan–Meier analysis comparing probabilities of osteoporotic fracture 
between statin users and nonusers.
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with simvastatin users. This result is consistent with the 

results reported by Reid et al, who showed that the relative 

risk for NOF development in individuals taking pravastatin 

compared with those not taking statin was 0.94 (95% CI, 

0.77–1.16).22 Similarly, Hippisley-Cox and Coupland also 

reported that pravastatin was not associated with a decreased 

risk of developing NOF (adjusted HR, 0.91; 95% CI, 

0.75–1.11 in men; adjusted HR, 1.00; 95% CI, 0.73–1.36 in 

women) in hyperlipidemic patients.23 A potential explanation 

exists for ours and these two studies that the use of pravastatin 

may have little effect on bone in vivo.4

Lovastatin has been shown to accelerate ossification-

related gene expressions in fracture healing in osteoporotic 

rats that were continuously administered lovastatin for >4 

weeks.24 Our results contradicted this study, which may be 

because of not using a combination of tocotrienol or the use 

of lovastatin may have little effect on bone in vivo.25,26

The use of statins has been demonstrated to have a sig-

nificant positive effect on osteoporotic fractures as reported 

by several observational studies.13–17 However, in our study 

comprising a 10-year follow-up period, no relationship was 

observed between the risk of developing NOF and the use of 

lovastatin, pravastatin, fluvastatin, and pitavastatin compared 

with that among simvastatin users. A similar finding has also 

been reported by several observational studies.4,19,27,28 For 

instance, Ward et al analyzed 46,249 patients in a Military 

Healthcare System and reported that there was no significant 

association between the risk of developing NOF and statin use.4

In vitro data show that statins have a catabolic effect on 

bones.12,24,29–31 Therefore, atorvastatin is generally considered 

to decrease the risk of developing NOFs.4,32 However, one 

study has indicated that atorvastatin is not associated with 

a decreased risk of developing NOFs compared with simv-

astatin.23 Our results showed a beneficial effect on the risk 

of developing NOFs, and this study is the first long-term 

longitudinal epidemiological investigation of the association 

between the use of atorvastatin and the risk of developing 

osteoporotic fractures with a follow-up period of 10 years.

In this study, rosuvastatin was associated with a decrease 

in the risk of NOF development compared with simvastatin 

users. This result is in contrast with the results reported by 

Hippisley-Cox and Coupland, who showed a nonstatistically 

significant decrease in the risk of developing NOFs (adjusted 

HR, 0.89; 95% CI, 0.65–1.21 in men; adjusted HR, 0.61; 

95% CI, 0.36–1.03 in women).22 Our present study is also 

the first long-term longitudinal epidemiological investigation 

of the association between the use of rosuvastatin and the 

risk of developing osteoporotic fractures with a follow-up 

period of 10 years.

Some observational studies have recommended that 

lipophilic statins (lovastatin, simvastatin, and atorvastatin) 

were independently associated with a decreased risk of 

Table 2 Crude and adjusted HRs of statins for new-onset osteoporotic fracture

Statin status Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value

DDDs
Nonusers Reference Reference
<28 DDDs 1.24 (1.18–1.30) <0.0001 1.07 (1.02–1.13) 0.008
28-–90 DDDs 1.10 (1.05–1.15) <0.0001 0.94 (0.9–0.99) 0.01
91–365 DDDs 0.79 (0.76–0.83) <0.0001 0.67 (0.64–0.7) <0.0001
≥366 DDDs 0.37 (0.36–0.39) <0.0001 0.32 (0.31–0.34) <0.0001

Subtype
Nonusers 0.85 (0.80–0.91) <0.0001 0.99 (0.93–1.06) 0.84
Simvastatin Reference Reference
Lovastatin 1.09 (1.00–1.19) 0.06 1.07 (0.97–1.16) 0.16
Pravastatin 0.98 (0.87–1.11) 0.79 0.98 (0.86–1.11) 0.75
Fluvastatin 0.95 (0.84–1.07) 0.41 0.94 (0.83–1.06) 0.29
Atorvastatin 0.76 (0.70–0.83) <0.0001 0.77 (0.71–0.84) <0.0001
Rosuvastatin 0.70 (0.62–0.79) <0.0001 0.72 (0.64–0.81) <0.0001
Pitavastatin 0.21 (0.03–1.46) 0.11 0.21 (0.03–1.5) 0.12

Statin characteristics
Nonusers Reference Reference
Lipophilic 1.58 (1.44–1.73) <0.0001 1.26 (1.15–1.39) <0.0001
Hydrophilic 1.55 (1.49–1.61) <0.0001 1.22 (1.17–1.28) <0.0001

Notes: Model 1: crude HR. Model 2: adjusted for age, sex, alcohol-related disorder, chronic obstructive pulmonary disease, chronic kidney disease, diabetes mellitus, 
hypertension, hyperthyroidism, liver cirrhosis, coronary artery disease, stroke, hormone replacement therapy, fibrates, and niacin.
Abbreviations: DDD, defined daily dose; HR, hazard ratio.
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NOF development in patients with hyperlipidemia, whereas 

hydrophilic statins (pravastatin, fluvastatin, and rosuvastatin) 

were not.16,27,33 However, in our study that included a 10-year 

follow-up period, the association with NOF risk reduction 

was similar between lipophilic and hydrophilic statins. 

Similarly, our result is consistent with that reported by Ward 

et al, who enrolled 6,967 pairs of statin users and nonusers 

with hyperlipidemia and did show a reduction in the risk of 

developing femoral neck fractures in statin users compared 

to that in statin nonusers.4 In particular, a risk reduction 

among the users of high-potency statins (atorvastatin and 

rosuvastatin) and dose–response effect on NOF risk were 

observed in our study. The reason for these findings in our 

study is unclear, but it may be attributable to the statin dose 

(high vs low) and duration (10 vs 2–5 years).13,15,16,27 These 

findings emphasize the need for further investigation of the 

mechanistic links between these high-potency statins and the 

risk of developing NOFs.

Some limitations of this study need to be emphasized. 

First, this was a descriptive retrospective study conducted 

in Taiwan over a period of 10 years. Moreover, we excluded 

irregularly treated hyperlipidemic patients from the analyses. 

Therefore, caution must be exercised in interpreting our data. 

Second, all cases in this study were collected from claimed 

data sets of the Taiwan NHI that the diagnoses were based 

on physician reports only; therefore, it is unclear how our 

findings can be generalized to patients in different areas of 

the world. Third, the process of osteoporosis in patients who 

developed NOF in this study would have started many years 

before the diagnoses, and NOF may have coexisted with the 

process of hyperlipidemia for which statins were used. Thus, 

the cause-and-effect relationships between NOF and statins 

cannot be determined in this study.

Conclusion
In conclusion, our results show that hyperlipidemic patients 

who use atovastatins and rosuvastatins were independently 

associated with a decreased risk of NOF compared with sim-

vastatin users. Other statins such as lovastatin, pravastatin, 

fluvastatin, and pitavastatin were not associated with NOFs. 

Our findings may provide some support for the hypothesis 

that there are differences in the risk of developing NOF with 

the use of different types of statins in hyperlipidemic patients. 

It also highlighted the lower risk of NOF associated with more 

commonly prescribed high-potency statins. These findings 

emphasize the need for further investigation of the mecha-

nistic links between these high potency statins and NOFs.
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