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ABSTRACT

Objective: We aimed to investigate the association between statin use and the risk of major 
osteoporotic fractures in patients with metabolic syndrome (MetS).
Methods: A nested case-control study was performed in patients with MetS (≥50 years) who 
had no history of osteoporotic fracture using the Korean National Health Insurance Service-
Health Screening Cohort. This study included 17,041 patients diagnosed with new-onset 
osteoporotic fractures and controls matched in a 1:1 ratio by age, sex, body mass index, 
cohort entry date, and follow-up duration. Conditional logistic regression analysis was used 
to evaluate covariate-adjusted odds ratios (ORs) and 95% confidence intervals (CIs).
Results: During a 4-year follow-up period, the risk of major osteoporotic fractures was 
significantly reduced by 9% (OR, 0.91; 95% CI, 0.85–0.97) in statin users compared with 
that in non-users. Among subtypes of major osteoporotic fracture, a risk reduction with 
statin therapy was significant for vertebral fracture (OR, 0.86; 95% CI, 0.79–0.94) but not for 
non-vertebral fracture (OR, 0.97; 95% CI, 0.88–1.06). Longer duration (OR, 0.97; 95% CI, 
0.96–0.99, per 1-year increase) and higher cumulative dose (OR, 0.97; 95% CI, 0.95–0.99, 
per 365 defined daily doses) of statins were negatively associated with the risk of major 
osteoporotic fracture.
Conclusion: This study supports the hypothesis that statin therapy has a beneficial effect on 
major osteoporotic fractures, especially vertebral fractures, in patients with MetS.

Keywords: HMG-CoA reductase inhibitor; Statin; Osteoporotic fractures; Metabolic syndrome; 
Case-control studies

INTRODUCTION

Metabolic syndrome (MetS) is a clustering of multiple risk factors for metabolic dysregulation 
and atherosclerotic cardiovascular disease (CVD), including abdominal obesity, dyslipidemia, 
hyperglycemia and hypertension.1 Osteoporosis is a common metabolic disorder 
characterized by low bone mass and micro-architectural deterioration of bone tissue, and is 
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associated with an increased risk of fracture.2 Both conditions are major healthcare problem 
with a growing prevalence due to an ageing society. Existing evidence suggests that MetS 
and osteoporosis are closely linked as they share common risk factors and pathophysiologic 
mechanisms, such as sedentary lifestyle, disturbed calcium homeostasis, induction of 
inflammatory response, and increased oxidative stress.3,4

Statins, a 3-hydroxy 3-methylglutaryl coenzyme A reductase inhibitor, is a lipid-modifying 
drug with proven efficacy in the primary and secondary prevention of CVD.5 Given their 
possible pleiotropic effects on bone metabolism, including reduction of bone resorption and 
stimulation of bone formation, statins may have beneficial effects on bone mineral density.6-12 
However, clinical evidence has not consistently shown an association between statin use and 
risk of fracture.13-17 Statins are widely used in patients at risk of developing CVD and also in 
those with established CVD.18 Thus, a detailed analysis of the effects of statins on bone health 
is required in this population.

We aimed to evaluate the association between statin use and the risk of major osteoporotic 
fracture in subjects with MetS using a nested case-control analysis. We also assessed the 
dose-effect relationship between statins and fractures.

MATERIALS AND METHODS

1. Data sources
This study was designed as a case-control study nested in the MetS cohort using the Korean 
National Health Insurance Service-Health Screening Cohort (NHIS-HEALS) database. This 
database includes 514,866 individuals, who were aged between 40 and 79 years in 2002, 
and who were followed up until 2015. This comprised 10% of the total number of health 
screening participants between 2002 and 2003. The NHIS required all insured employees 
and self-employed persons, as well as their dependents, to undertake a general health 
screen biannually to improve the health status of Koreans through the prevention and early 
detection of diseases. This database contains longitudinal information such as personal 
demographics, medical and pharmaceutical information including disease code records 
according to the International Classification of Disease, 10th Revision (ICD-10), medical 
procedures, hospitalization, information of prescribed drugs, and death records. The 
detailed cohort protocol has been previously demonstrated.19

This study was approved by the Institutional Review Board (IRB) of the Korea University 
Anam Hospital (IRB No. 2019AN0284). Informed consent was waived, because data from the 
NHIS-HEALS do not involve any personally identifiable data.

2. Study population
From the NHIS-HEALS database, we assembled the MetS cohort that included all subjects 
diagnosed with MetS from January 1, 2004, to December 31, 2014, and followed up until 
December 31, 2015. According to the Adult Treatment Panel III guidelines, subjects were 
considered to have MetS if they had 3 or more of the following criteria: abdominal obesity 
(waist circumference ≥90 cm for men and ≥80 cm for women on the basis of an Asian-
specific cutoff point), high triglyceride level ≥150 mg/dL, low HDL cholesterol level (<40 mg/
dL for men and <50 mg/dL for women), high blood pressure (≥130/85 mmHg) or treatment 
for hypertension, high fasting glucose (≥100 mg/dL) or use of antidiabetic medication 
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(Supplementary Table 1).20 Subjects younger than 50 years or those who had previously been 
diagnosed with any osteoporotic fractures prior to the cohort entry date were excluded. Each 
individual in the study cohort was followed up from the cohort entry date to the earliest 
occurrence of any osteoporotic fracture, death, or the end of the study period.

Using the ICD-10 code, we defined cases as those who developed osteoporotic fractures, 
and controls as those who did not. Osteoporotic fractures are defined as fractures caused by 
low-level trauma, for example equivalent to a fall from a standing height or less.21 The most 
commonly occurring osteoporotic fractures are spine, distal radius, hip, and humerus in order 
of frequency in Korea.22 In our study, the definition of major osteoporotic fractures is also 
summarized in Supplementary Table 1. For each patient, one control subject was randomly 
selected from all subjects who had accrued at least the same length of follow-up as the case 
and matched on the basis of age, sex, baseline body mass index (BMI) (±0.15 kg/m2), and the 
cohort entry date. The index date for the MetS patients was the date of first osteoporotic 
fracture, and the index date for each control was the same. Thus, cases and controls were 
matched for the duration of follow-up.

Fig. 1 shows the flow of the study subject selection. From the NHIS-HEALS database, 
302,219 patients were diagnosed with MetS between January 2004 and December 2014 and 
enrolled in the MetS cohort. After applying our exclusion criteria, we identified 20,957 major 
osteoporotic fracture cases and 224,941 controls in the study cohort. After 1:1 matching by 
age, sex, BMI, cohort entry date, and follow-up duration, a total of 17,041 cases and 17,041 
matched controls were used in the analysis.

3. Exposure assessment
Statin users were defined as those who used any of the following statins for at least 30 
consecutive days during the period ranging from 1 year prior to the cohort entry date to the 
index date: atorvastatin, fluvastatin, lovastatin, pitavastatin, pravastatin, and rosuvastatin. 
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Patients diagnosed with metabolic syndrome
between January 2004 and December 2014

(n=302,219)

Excluded (n=56,321):
- Patients younger than 50 years (n=39,440)
- Patients who had ever diagnosed as
   osteoporotic fracture (n=17,300)

Final study cohort
(n=245,898)

Patients with osteoporotic fracture
(n=20,957)

Patients without osteoporotic fracture
(n=224,941)

Cases
(n=17,041)

Matched controls
(n=17,041)

1:1 matching by age, sex, BMI, cohort entry date, follow-up duration

Fig. 1. Study flow diagram. 
BMI, body mass index.



Those who had never received a statin prescription or who had taken less than 30 days 
of treatment were included in the non-user group. For the exposure assessment, we 
calculated the cumulative duration of statins during the follow-up period by summing all 
the prescription days and dividing patients into 3 categories: 1) less than 30 days (non-user 
group), 2) 31-364 days, or 3) more than 365 days. In addition, we calculated the cumulative 
dose for each statin by multiplying the defined daily doses (cDDD) and the prescription 
days of statin, with the total cumulative dose of statins by summing the cumulative dose 
for each statin. The cDDD of each statin was based on the World Health Organization ATC 
classification.9,23

4. Covariates
Covariates included BMI close to the point of fracture event or at the end of study, smoking 
status (current, ever, or never), alcohol consumption (none, ≤twice per week, or ≥three times 
per week), physical activity (none, ≤twice per week, or ≥three times per week), socioeconomic 
status (lowest 30%, middle 40%, or highest 30%), waist circumference, systolic blood 
pressure, fasting blood glucose level, total cholesterol level, gamma-glutamyl transpeptidase 
(GGT), hemoglobin, comorbidities (diabetes mellitus, hypertension, dyslipidemia, chronic 
kidney disease (CKD), CVD, cancer, chronic obstructive pulmonary disease (COPD), 
hyperthyroidism, hyperparathyroidism, chronic liver disease, rheumatoid arthritis 
(RA), osteoporosis, Cushing's syndrome), and concurrent medication (statin, fibrate, 
anti-osteoporotic agents, calcium, vitamin D, glucocorticoid, antihypertensive agents, 
antidiabetic agents, antidepressants, and anticonvulsants). Comorbidities and medication 
used were defined as relevant claim codes during the period ranging from 1 year prior to the 
cohort entry date to the index date. The details are summarized in Supplementary Table 1.

5. Statistical analysis
Data were summarized as means±standard deviations for continuous variables and numbers 
(%) for categorical variables. The baseline characteristics of cases (statin users) and 
matched controls (statin non-users) were compared using conditional logistic regression 
models for matched pairs. To evaluate the association between statin use and osteoporotic 
fracture risk, we also used conditional logistic regression models and presented the results 
as odds ratios (ORs) with corresponding 95% confidence intervals (CIs). Two models 
were considered: 1) model 1, adjusted for follow-up BMI, smoking, alcohol consumption, 
regular exercise, income status, comorbidities, and concurrent medication described 
above, and 2) model 2, adjusted for clinical findings including systolic blood pressure, 
fasting glucose, total cholesterol, GGT, hemoglobin, and all variables in model 1. The same 
analysis was performed for statin use with cDDD. Additionally, we conducted subgroup 
analyses stratified by sex (male, female), age (<65 and ≥65 years), BMI (<25 and ≥25 kg/m2), 
the presence of pre-existing diseases (hypertension, diabetes mellitus, dyslipidemia, CKD, 
CVD, osteoporosis, RA), and concurrent medications (bisphosphonate, other osteoporotic 
medications). The interaction term between the statin variable and the above stratification 
factor was added to the models and the difference in the effect of statin on osteoporotic 
fracture risk across subgroups.

A p-values are 2-sided, and statistical significance was set at p<0.05. Statistical analyses were 
performed using SAS Enterprise Guide version 7.1 (SAS Institute, Cary, NC, USA).
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RESULTS

1. Baseline characteristics
The median follow-up duration was 48.1 months (interquartile range, 24.2–74.4). Subjects in 
the MetS cohort had a higher prevalence of risk factors for fracture, such as current smoking, 
alcohol consumption, lower regular exercise, lower income, higher waist circumference, 
higher GGT level, and lower hemoglobin level compared with controls (Table 1). They also 
had a higher prevalence of comorbidities including RA, osteoporosis, diabetes mellitus, 
hypertension, CKD, CVD, cancer, COPD, hyperparathyroidism, chronic liver disease, and 
Cushing's syndrome, as well as higher use of medications including bisphosphonates, 
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Table 1. Baseline characteristics of study subjects
Characteristics Cases (n=17,041) Matched controls (n=17,041) p-value*
Male 4,389 (25.8) 4,389 (25.8) -
Age (yr) 64.0±7.6 64.0±7.6 -
Body mass index (kg/m2) 24.7±2.6 24.7±2.6 -
Follow-up duration (mon) 48.1 (24.2–74.4) 48.1 (24.2–74.4) -
Current smoking 1,477 (8.7) 1,282 (7.5) <0.01
Alcohol consumption 1,122 (6.6) 1,078 (6.3) 0.02
Regular exercise 4,655 (27.3) 5,125 (30.1) <0.01
Low income (lowest 30%) 4,046 (23.8) 3,987 (23.4) <0.01
Waist circumference (cm) 83.9±7.6 83.6±7.5 <0.01
Systolic blood pressure (mmHg) 129.5±15.7 130.3±15.9 <0.01
Laboratory findings

Fasting glucose (mg/dL) 107.6±30.7 107.9±29.3 0.35
Total cholesterol (mg/dL) 202.0±42.6 202.4±40.6 0.40
Triglyceride (mg/dL) 157.7±87.6 159.3±87.1 0.29
GGT (IU/L) 36.3±58.5 32.7±43.2 <0.01
Hemoglobin (g/dL) 13.2±1.4 13.3±1.4 <0.01

Comorbidities
Rheumatoid arthritis 3,962 (23.2) 3,332 (19.6) <0.01
Osteoporosis 10,044 (58.9) 7,535 (44.2) <0.01
Diabetes mellitus 5,605 (32.9) 5,234 (30.7) <0.01
Hypertension 12,770 (74.9) 12,494 (73.3) <0.01
Dyslipidemia 10,985 (64.5) 10,921 (64.1) 0.42
Chronic kidney disease 712 (4.2) 481 (2.8) <0.01
Cardiovascular disease 4,676 (27.4) 3,687 (21.6) <0.01
Cancer 2,100 (12.3) 1,775 (10.4) <0.01
Chronic obstructive pulmonary disease 2,366 (13.9) 1,721 (10.1) <0.01
Hyperthyroidism 1,165 (6.8) 1,102 (6.5) 0.17
Hyperparathyroidism 71 (0.4) 33 (0.2) <0.01
Chronic liver disease 3,058 (17.9) 2,723 (16.0) <0.01
Cushing's syndrome 115 (0.7) 70 (0.4) <0.01

Concurrent drug treatment
Statins 7,797 (45.8) 7,910 (46.4) 0.17
Fibrates 1,099 (6.4) 971 (5.7) <0.01
Bisphosphonate 6,408 (37.6) 4,047 (23.7) <0.01
Selective estrogen receptor modulator 425 (2.5) 261 (1.5) <0.01
Hormone replacement therapy 1,049 (6.2) 1,097 (6.4) 0.27
Calcium 3,756 (22.0) 3,028 (17.8) <0.01
Vitamin D 3,930 (23.1) 3,081 (18.1) <0.01
Glucocorticoid 5,073 (29.8) 4,023 (23.6) <0.01
Antihypertensive agents 12,035 (72.2) 11,865 (69.6) 0.03
Antidiabetic agents 4,254 (25.0) 4,078 (23.9) 0.02
Antidepressants 4,496 (26.4) 3,390 (19.9) <0.01
Anticonvulsants 9,773 (57.3) 8,363 (49.1) <0.01

Values are mean±standard deviation, number (%), or median (interquartile range).
GGT, gamma-glutamyl transferase.
*p-value by conditional logistic regression model.



selective estrogen receptor modulators (SERM), calcium, vitamin D, glucocorticoid, fibrate, 
antihypertensive agents, antidiabetic agents, antidepressants, and anticonvulsants than 
controls. The proportion of statin use was not significantly different between the groups.

2. Risk of major osteoporotic fractures
A total of 7,797 patients (45.8%) in the statin-user group and 9,244 (50.3%) in the non-user 
group developed major osteoporotic fractures. Among subtypes of osteoporotic fractures, 
8,857 (52.0%) vertebral fractures, 1,274 (7.5%) hip fractures, and 7,030 (41.3%) humerus and 
distal radius fractures occurred. The incidence rate of all osteoporotic fractures was 13.25 
cases per 1,000 person-years, which was higher than that of general population21,22,24 probably 
by the characteristics of MetS patients who were older and had more risk factors of fractures.

 
Table 2 shows the comparative risk of osteoporotic fractures by skeleton sites between 
statin users and non-users. Overall, statin use was associated with a lower risk of developing 
major osteoporotic fractures after full adjustment for covariates among patients with 
MetS (adjusted OR [aOR], 0.91; 95% CI, 0.85–0.97, in model 2). Among subtypes of major 
osteoporotic fractures, the risk of vertebral fractures was also lower in the statin-user group 
than in the non-user group (aOR, 0.86; 95% CI, 0.79–0.94). However, the risks of non-
vertebral fractures including hip, humerus, and distal radius fractures were not different 
between groups.
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Table 2. Effect of statins on fracture risk according to the sites
Types of fractures Cases Controls OR (95% CI)

Model 1 Model 2
Major osteoporotic fracture

Non-user 9,244 (54.2) 9,131 (53.6) 1 (Ref) 1 (Ref)
Statin-user 7,797 (45.8) 7,910 (46.4) 0.91 (0.85–0.97) 0.91 (0.85–0.97)

Vertebral fracture
Non-user 4,899 (55.3) 4,770 (53.9) 1 (Ref) 1 (Ref)
Statin-user 3,958 (44.7) 4,087 (46.1) 0.86 (0.78–0.94) 0.86 (0.79–0.94)

Non-vertebral fracture (hip + humerus + distal radius)
Non-user 4,345 (53.1) 4,361 (53.3) 1 (Ref) 1 (Ref)
Statin-user 3,839 (46.9) 4,087 (46.7) 0.97 (0.89–1.06) 0.97 (0.88–1.06)
Hip fracture

Non-user 617 (48.4) 634 (49.8) 1 (Ref) 1 (Ref)
Statin-user 657 (51.6) 640 (50.2) 0.94 (0.73–1.22) 0.93 (0.72–1.20)

Humerus fracture
Non-user 386 (50.2) 402 (52.3) 1 (Ref) 1 (Ref)
Statin-user 383 (49.8) 367 (47.7) 0.87 (0.62–1.20) 0.90 (0.65–1.26)

Distal radius fracture
Non-user 3,406 (54.4) 3,391 (54.2) 1 (Ref) 1 (Ref)
Statin-user 2,855 (45.6) 2,870 (45.8) 0.97 (0.88–1.08) 0.96 (0.87–1.07)

Multiple sites (more than 2 sites)
Non-user 64 (53.3) 66 (55.0) 1 (Ref) 1 (Ref)
Statin-user 56 (46.7) 54 (45.0) 0.97 (0.55–1.70) 0.95 (0.54–1.66)

Values are presented as number (%).
Model 1: adjusted for follow-up body mass index, smoking, alcohol consumption, regular exercise, income 
status, comorbidities (rheumatoid arthritis, osteoporosis, chronic kidney disease, cardiovascular disease, 
cancer, chronic obstructive pulmonary disease, hyperthyroidism, hyperparathyroidism, chronic liver disease, 
and Cushing's syndrome) and concurrent medication (statins, fibrates, bisphosphonate, selective estrogen 
receptor modulator, hormone replacement therapy, calcium vitamin D, glucocorticoid, antihypertensive agents, 
antidiabetic agents, antidepressants, and anticonvulsants). Model 2: adjusted for model 1 plus clinical findings 
(systolic blood pressure, fasting glucose, total cholesterol, gamma-glutamyl transpeptidase, hemoglobin).
OR, odds ratio; CI, confidence interval.



3. Analyses of the dose-effect relationship
Table 3 describes the relationship between the duration and dose of statin therapy and the 
risk of major osteoporotic fractures. A dose-dependent relationship between statin use 
and the reduced risk of major osteoporotic fractures was observed. The risk of osteoporotic 
fracture was decreased by 3% with a 1-year increase in the duration of statin therapy (aOR, 
0.97; 95% CI, 0.96–0.99). Specifically, the aOR was 0.89 (95% CI, 0.82–0.95) in those treated 
with statins for more than 1 year. In addition, as the statin cDDD increased, the risk of major 
osteoporotic fractures decreased with the estimated aORs of 0.92 (95% CI, 0.86–0.99) in 30 
to 364, and 0.88 (95% CI, 0.82–0.95) in ≥365 cDDD.

4. Subgroup analyses
Fig. 2 shows a subgroup analysis of the association between statin use and major osteoporotic 
fractures in patients with MetS. Overall, statin use was associated with a lower risk of 
osteoporotic fractures, regardless of patient characteristics. However, the beneficial effects 
of statins were more prominent in the older age group (≥65 years) than in the younger 
group (<65 years) (p for interaction=0.04), and in those with pre-existing osteoporosis (p for 
interaction=0.04) or treated with bisphosphonate (p for interaction=0.02). Additionally, we 
assessed risk of major osteoporotic fracture by intensity or types of statins (Supplementary 
Table 2), which showed no significant interaction between subgroups.

5. Sensitivity analyses
We performed a sensitivity analysis including subjects only who had taken anti-osteoporotic 
agents (bisphosphonate, SERM, and hormone replacement therapy) with further adjusting 
for the number of dual-energy X-ray absorptiometry examinations (Supplementary Table 
3). The results revealed a similar association between statin use and decreased risk of major 
osteoporotic fractures (aOR, 0.85; 95% CI, 0.78–0.93).
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Table 3. Association between duration and doses of statin therapy and risk of major osteoporotic fractures
Subgroup analysis Cases Controls OR (95% CI)

Model 1 Model 2
By cumulative duration of statin use

Duration (per 1 yr) 0.97 (0.96–0.99) 0.97 (0.96–0.99)
Non-user 9,244 (54.3) 9,131 (53.6) 1 (Ref) 1 (Ref)
<1 yr 3,174 (18.6) 3,097 (18.2) 0.94 (0.87–1.01) 0.93 (0.87–1.01)
≥1 yr 4,623 (27.1) 4,813 (28.2) 0.89 (0.82–0.95) 0.89 (0.82–0.95)

By cumulative dose of statin use
cDDD (per 365 cDDD) 0.97 (0.95–0.99) 0.97 (0.95–0.99)
<30 cDDD 9,702 (56.9) 9,554 (56.1) 1 (Ref) 1 (Ref)
30–364 cDDD 1,223 (21.1) 3,604 (21.2) 0.92 (0.86–0.99) 0.92 (0.86–0.99)
≥365 cDDD 2,162 (22.0) 3,883 (22.8) 0.88 (0.82–0.95) 0.88 (0.82–0.95)

Values are presented as number (%).
Model 1: adjusted for follow-up body mass index, smoking, alcohol consumption, regular exercise, income 
status, comorbidities (rheumatoid arthritis, osteoporosis, chronic kidney disease, cardiovascular disease, 
cancer, chronic obstructive pulmonary disease, hyperthyroidism, hyperparathyroidism, chronic liver disease, 
and Cushing's syndrome) and concurrent medication (statins, fibrates, bisphosphonate, selective estrogen 
receptor modulator, hormone replacement therapy, calcium vitamin D, glucocorticoid, antihypertensive agents, 
antidiabetic agents, antidepressants, and anticonvulsants). Model 2: adjusted for model 1 plus clinical findings 
(systolic blood pressure, fasting glucose, total cholesterol, gamma-glutamyl transpeptidase, hemoglobin).
cDDD, cumulative dose for each statin by multiplying the defined daily doses; OR, odds ratio; CI, confidence interval.



DISCUSSION

This nested case-control study has shown that statin use was associated with a decreased 
risk of major osteoporotic fractures, especially vertebral fractures in patients with MetS. A 
dose-response relationship between statin use and the risk reduction of major osteoporotic 
fractures was also observed.

Previous studies have suggested that MetS, or the conditions associated with it, are linked 
to low bone mass with an increase in susceptibility to fractures.3,25 Evidence has shown that 
patients with MetS have lower bone mineral density and are at higher risk of fracture than those 
without MetS.3,4,25,26 Even hypertriglyceridemia on its own is associated with an increased risk 
of osteoporotic fracture.27 The underlying mechanisms linking MetS and osteoporosis has not 
been fully elucidated. However, the imbalance between adipocyte and osteoblast differentiation 
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Subgroup Cases Controls aOR (95% CI) p for interaction
Statin user/total Statin user/total

Sex 0.162
Male 1,840/4,389 1,817/4,389 0.97 (0.87–1.08)
Female 5,957/12,652 6,093/12,652 0.89 (0.83–0.95)

Age (at entry) 0.035
<65 years 4,239/8,862 4,297/8,862 0.96 (0.88–1.04)
≥65 years 3,558/8,179 3,673/8,179 0.86 (0.79–0.93)

BMI (at entry) 0.858
<25 4,211/9,480 4,259/9,470 0.91 (0.84–0.99)
≥25 3,586/7,561 3,651/7,571 0.90 (0.83–0.98)

Hypertension 0.562
No 1,156/4,271 1,217/4,547 0.93 (0.83–1.04)
Yes 6,641/12,770 6,693/12,494 0.90 (0.84–0.96)

Diabetes mellitus 0.765
No 4,546/11,436 4,827/11,807 0.91 (0.84–0.98)
Yes 3,251/5,605 3,083/5,234 0.92 (0.84–1.01)

Dyslipidemia 0.828
No 59/6,056 65/6,120 0.95 (0.65–1.38)
Yes 7,738/10,985 7,845/10,921 0.91 (0.85–0.97)

CKD 0.830
No 7,301/16,329 7,580/16,560 0.91 (0.85–0.97)
Yes 496/712 330/481 0.93 (0.71–1.22)

CVD 0.229
No 4,977/12,365 5,567/13,354 0.92 (0.86–0.99)
Yes 2,820/4,676 2,343/3,687 0.86 (0.78–0.96)

Osteoporosis 0.043
No 2,811/6,997 3,948/9,506 0.96 (0.88–1.04)
Yes 4,986/10,044 3,962/7,535 0.87 (0.80–0.94)

Rheumatoid arthritis 0.347
No 5,739/13,079 6,135/13,709 0.92 (0.86–0.98)
Yes 2,058/3,962 1,775/3,332 0.87 (0.78–0.97)

Bisphosphonate 0.020
No 4,496/10,633 5,668/12,994 0.94 (0.88–1.01)
Yes 3,301/6,408 2,242/4,047 0.84 (0.76–0.92)

Other osteoporosis medication 0.637
No 4,912/11,859 5,454/12,765 0.91 (0.85–0.98)
Yes 2,885/5,182 2,456/4,276 0.89 (0.81–0.98)

1.00.8 0.90.70.6 1.1 1.2 1.3
Favors statin user Favors non-user

1.4

Fig. 2. Subgroup analysis of association between statin use and risk of major osteoporotic fracture. 
aOR, adjusted odds ratio; CI, confidence interval; BMI, body mass index; CKD, chronic kidney disease; CVD, cardiovascular disease.



possibly increases osteoclastogenesis induced by activated peroxisome proliferator-activated 
receptor-γ, or by receptor activator of nuclear factor-κB (RANK)/RANK ligand (RANKL)/
osteoprotegerin (OPG) and Wnt-ß catenin signaling pathways.3

Multiple studies have suggested pleiotropic osteoprotective effects of statins. Recently, 
evidence has shown that metabolic reprogramming plays an important role in osteoclast 
differentiation and function. Thus lowering lipid load in osteoclasts by statins could be 
beneficial in bone metabolism.28 Beyond metabolic improvement, statins directly affect bone 
cells by suppressing osteoclastogenesis, inhibiting osteoblast apoptosis, and promoting 
osteogenesis by 1) increasing bone morphogenetic protein-2 and Runt-related transcription 
factor 2 through the Ras-PI3K-Akt/MAPK signaling pathway, 2) inhibiting the mevalonate 
pathway, 3) the TGF-/ß/Smad3 pathway, and 4) RANK/RANKL/OPG pathway.6,29,30 Through 
these possible mechanisms, both lipid and bone metabolism can be improved by statin 
therapy, which could explain the decreased risk of fracture in patients with MetS in our study.

Our study consistently showed that statin use was beneficial for osteoporotic fracture. Longer 
duration statin therapy and higher cumulative doses were associated with a greater reduction 
in osteoporotic fracture, indicating a possible direct relationship between them. These 
results are in line with previous studies conducted in the general population.6,7,31,32 However, 
we noted that the beneficial effects of statins were mainly for non-vertebral fractures in 
previous studies. A recent meta-analysis of observational studies indicated that statin use 
was significantly associated with a reduced risk of hip fracture (relative risk [RR], 0.73; 95% 
CI, 0.64–0.82) and lower extremity fracture (RR, 0.69; 95% CI, 0.54–0.88), but not with 
vertebral fracture.34 The reason for opposing results in our study is unclear. We propose 
that a lower BMI in our study compared to previous studies may have led to the increased 
susceptibility vertebral fractures, although this is not definitive.33,34 One notable finding of 
our study is that patients with osteoporosis benefited more from statin therapy than those 
without. This suggests that the osteoprotective effects of statins may be stronger in subjects 
with profoundly dysregulated bone metabolism than in healthy people, strengthening the 
proposed direct effect of statins on bones.

In terms of the association between the types of statin and osteoporotic fracture, several 
observational studies have shown that lipophilic statins (atorvastatin, lovastatin, simvastatin, 
and pitavastatin) rather than hydrophilic statins (fluvastatin, pravastatin, and rosuvastatin) 
had better outcomes for osteoporotic fractures possibly explained by differences in their 
polarity and bone bioavialbility.35,36 Furthermore, a recent study supported that high-intensity 
statins might have potential role in lowering risks of osteoporotic fractures although the 
underlying mechanism has remained to be elucidated.8 However, our study did not find any 
differential effects on the risk of osteoporotic fracture according to the types or intensity of 
statins. So, further studies are warranted to confirm these findings.

There are several limitations to the current study. First, the disease information of the 
NHIS-HEALS cohort is primarily based on a claim database, so we did not obtain relevant 
data of clinically meaningful outcomes such as silent fractures. However, information on 
major fractures that required hospitalization or treatment was fairly accurate, and had been 
previously validated.37,38 Second, there might be a detection bias that is difficult to handle 
in this type of analysis. To minimize a potential bias, we performed a sensitivity analysis 
for those who treated with anti-osteoporotic medications, and by further adjusting for 
number of dual-energy X-ray absorptiometry examinations. As a result, it showed similar 
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results as original ones. Third, we were also unable to address a direct causal relationship 
between statin use and risk reduction of osteoporotic fracture. Fourth, we could not consider 
nutritional information such as data on dietary calcium intake, additional calcium or vitamin 
D due to lack of relevant data. These factors should be considered in future studies.

In conclusion, the current study provides evidence that statin use was associated with a reduced 
risk of major osteoporotic fractures with a dose-effect relationship in patients with MetS. This 
may indicate an additional pleiotropic effect of statins beyond lipid-modifying effects.
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