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Abstract

Background The therapeutic efficacy of renin-angiotensin system inhibitors (RASi) in elderly patients with hyperten-
sion and at risk of fractures has been in the limelight because of accumulating evidence that localized RAS activa-
tion in bone tissue leads to osteoclastic bone resorption, resulting in osteoporosis. This study set out to investigate
the association between RASi use and fracture incidence in a large cohort.

Methods We employed a nested case—control design to investigate the association between RASi use and newly
developed fractures. A case was defined as a patient newly diagnosed with a fracture between January 2004

and December 2015. We selected 1,049 cases and controls using 1:1 propensity score matching. Conditional logistic
regression analysis was conducted to estimate the association between RASi exposure and fracture incidence.

Results Overall, RASi usage was significantly associated with lower odds for fracture incidence (ever-users vs never-
users: OR, 0.73; 95% Cl, 0.59-0.91). We found that ARB-only users experienced fewer fractures than RASi-never users
(OR, 0.65; 95% Cl, 0.49-0.86), whereas ACEi-only users or ARB/ACEi-ever users did not. In subgroup analysis, RASi-ever
users without cerebrovascular disease, those with a BMI exceeding 23, and statin exposure had significantly lower
ORs.

Conclusions The present study established a significant association between RASi use and reduced fracture inci-
dence, thus highlighting the potential clinical utility of RASi use as a preventive strategy in elderly patients at risk
for osteoporotic fractures.

Keywords Renin-angiotensin system inhibitors, Angiotensin Il receptor blockers, Fracture, Defined daily doses,
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imposing a significant financial burden on healthcare
services and the broader economy. Thus, fracture preven-
tion is crucial for the health and well-being of not only
patients but also their caregivers. Bone fragility, largely
associated with osteoporosis, often predisposes individu-
als to fractures. Osteoporosis, characterized by low bone
mineral density (BMD) and deterioration of bone tis-
sue microarchitecture, is a significant concern for both
elderly males and females [3]. Its multifactorial patho-
genesis involves genetics, aging, lifestyle, and environ-
mental factors, with hypertension recognized as a major
contributor [4, 5]. High blood pressure has been linked
with abnormal calcium metabolism, potentially leading
to increased calcium loss, secondary activation of para-
thyroid hormone, and consequent bone resorption [6,
7]. Given the potential link between hypertension and
osteoporotic fractures, antihypertensive medications are
garnering attention as potential therapeutic options for
reducing fracture incidence. Notably, renin angioten-
sin system (RAS) inhibitors (RASi) such as angiotensin
converting enzyme inhibitors (ACEi) and angiotensin II
receptor blockers (ARBs) have shown promise in preclin-
ical studies due to evidence of RAS activation influenc-
ing bone resorption and osteoporosis [8]. However, the
capacity of RASi to protect against fractures in humans
remains uncertain. Consequently, this study aims to
investigate the associations between RASi use and frac-
ture incidence in a large nationwide cohort.

Methods

Data source

Data analyzed in this study were obtained from the
National Health Insurance Service-National Sample
Cohort (NHIS-NSC) of South Korea, which was updated
to version 2.0 in 2017. This large administrative cohort
was created from the National Health Insurance (NHI)
Database and has been described in detail previously
[9, 10]. Briefly, NHIS-NSC is a nationwide, representa-
tive 2%, stratified, random sample of total NHI members
that was created in 2006, comprising 1,025,000 subjects.
Fourteen years (2002—2015) of information about health
care utilization, including demographic information,
diagnostic codes, procedures, and drug prescriptions is
available for this cohort. Diagnoses were coded based
on the International Statistical Classification of Disease
and Related Health Problems, 10th revision (ICD-10).
Furthermore, data on health behavior and medical his-
tory; anthropometric measurements such as height,
weight, and BP; and blood test results for insured people
are available for a subset of this cohort who underwent
National Health Screening (NHS). The NHS service pro-
vides universal health care to approximately 97% of the
Korean population. The participation rate of the eligible
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population in the NHIS health screening program was
74.8% in 2014 [11]. The use of selective and anonymized
data for the present study was approved by the NHIS
committee (NHIS-2021-2-110). This study protocol was
approved by the Ethics Committee of Pusan National
University and the study was conducted in accordance
with the principles of the Declaration of Helsinki. As the
study is based on retrospective analyses of existing anon-
ymous administrative and clinical data, the requirement
for informed subject consent was waived by the Institu-
tional Review Board of Pusan National University (PNU
IRB/2020_123_HR).

Study design and population

We employed a nested case—control design to investigate
the association between RASi use and newly developed
fractures. Out of one million overall subjects in the NHS-
NSC 2.0 database, we selected 640,366 individuals who
had undergone a national health checkup from January
2002 to December 2015 (the end point of this NHIS-NSC
data set). Subsequently, we deliberately enrolled new
RASI users and new-onset fracture cases by excluding
subjects with a record of RASi prescriptions or fracture
diagnosis in the 2 years prior to 2004 (implementing a
washout period of 2 years, 2002-2003). We applied addi-
tional exclusion criteria as follows: <55 years of age as
of 2004, fracture due to a traumatic accident even after
the washout period, diagnosis of any underlying diseases,
conditions, or congenital etiologies that could weaken
bone tissue, possibly resulting in a fracture, and history of
amputation or injury from 2002 to 2015. A total of 12,230
individuals were eligible and further exclusion was done
based on a fracture diagnosis within 2 months after the
first RASi prescription, which would have made deter-
mination of the influence of RASi difficult. Subsequently,
a nested cohort was set up. We identified 1,979 study
participants newly diagnosed with a fracture between
January 2004 and December 2015 as our cases. The
cohort index date of the case group was defined as the
date when the fracture was first diagnosed. Non-fracture
controls (1=9,497) were randomly assigned a pseudo-
index date corresponding to the index date of the fracture
cases. Among these cases and controls, we additionally
excluded subjects who lacked health checkup records
within 1 year before and after the index date, had missing
data on important covariates, and those who died before
the index date. Of the 5,418 subjects who met all crite-
ria for the non-fracture group, we delimited non-fracture
cases using 1:1 propensity score matching (PSM). Based
on national health checkup data collected within 1 year
before and after the index date, one control subject with
the same health checkup year, age, sex, income, smok-
ing habits, alcohol consumption, physical activity, body
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mass index (BMI), use of medications, and presence of
comorbidities was selected for each of the fracture cases.
By matching health checkup years, the RASi exposure
observation periods of the case and control groups were
matched. Consequently, a total of 1,049 fracture cases
and 1,049 matched controls were analyzed to determine
the association between RASi use and fracture incidence

(Fig. 1).

Study outcomes and assessment of RASi use

The primary outcome of this study was the identifica-
tion of fracture incidence among drug-naive patients
who started taking a RASi. To evaluate the association
between RASi use and fracture incidence, we assessed
exposure to RASi on the basis of prescriptions during
the observation period from January 1, 2004 to the index
date. A washout period of 2 years prior to 2004 (2002—
2003) was set to eliminate any carryover effect of RASi
use. RASi use was confirmed based on the prescription
records in the NHIS-NSC; we included any RASi phar-
maceutical product with a history of marketing in South
Korea according to World Health Organization Col-
laborating Centre (WHOCC)-Anatomical Therapeu-
tic Chemical (ATC) codes (https://www.whocc.no/atc_
ddd_index/). Individuals were classified depending on
their RASi exposure as ever-users (a daily dose for at
least 30 or more days during the observation period) or
never-users (lacked a prescription during the observation
period). The risk of fracture was expressed as cases per
population for RASi ever-user versus never-user groups.
Secondary outcome measures were odds ratios (ORs) for
fracture according to cumulative exposed RASi amount,
cumulative duration, and average prescribed dose. These
were calculated to identify the associations between
the intensity of RASi dosage and fracture incidence. To
investigate RAS;i effects related to dose, we estimated the
overall amount of RASi exposure using the cumulative
defined daily dose (cDDD), which was calculated as the
sum of the defined daily dose (DDD) for all prescribed
days. Additionally, cumulative prescription days were
obtained to identify the exposure period to RASi. Fur-
thermore, to investigate the usual daily amount of RASi
exposure, we calculated the mean prescribed daily dose
(PDD) as the average daily RASi dose dispensed to the
subject regardless of RASi exposure period. Definitions
of DDD and PDD were based on WHO criteria [12].

Measurements and parameter definitions

Characteristics of cases and controls were based on
health checkup results with matched dates. NHIS-NSC
database includes a self-administered questionnaire cov-
ering smoking, alcohol consumption, and physical activ-
ity. The presence of underlying diseases known to affect
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the risk of osteoporotic fracture, including cardiovas-
cular disease (CVD), cerebrovascular disease, chronic
obstructive pulmonary disease (COPD), diabetes mel-
litus (DM), rheumatoid arthritis (RA), hyperthyroidism,
chronic liver disease, malnutrition, and Crohn’s disease,
were established when the ICD code of each disease was
identified more than twice prior to the index date. Sub-
jects were classified as non-drinkers or drinkers (never/
ever) according to their reported alcohol consump-
tion. Subjects were categorized into one of three groups
according to current smoking status (none/past/cur-
rent). Regular exercise was defined as>150 min of mod-
erate intensity activity per week or>75 min or more of
vigorous intensity activity per week. Some individual
level covariates were converted to categorical variables
to identify non-linear relationships with fractures as fol-
lows: age, body mass index (BMI), and income percen-
tile. Participants were categorized into three age groups:
younger-old (<65 years), older (66—69 years), or oldest
subjects (>70 years). The four BMI groups according to
the Asian-Pacific cutoffs were underweight (< 8.5 kg/m?),
normal (18.5-22.9 kg/m?), overweight (23-24.9 kg/m?),
or obese (>25.0 kg/m?) with BMI calculated as weight/
height? [13]. The three household income groups were
lower (1-3/10), middle (4-7/10), or upper (8—10/10). All
other characteristics besides the health checkup results
mentioned above were confirmed based on diagnosis and
prescription records. Charlson comorbidity index (CCI)
score, which includes a total of 17 comorbidities, was
calculated based on ICD codes within 1 year prior to the
index date [14]. An ever-user of hormone replacement
therapy (HRT) was defined as possessing at least one
prescription of any medication used for HRT before the
index date; otherwise, the subject was classed as a never-
user. This definition of drug usage was applied to all other
types of drugs including calcium and vitamin D supple-
ments, other anti-osteoporotic agents, glucocorticoids,
thiazolidinediones, antithyroid drugs, antihypertensive
agents, antiepileptics, selective serotonin reuptake inhibi-
tors (SSRIs), tricyclic antidepressants (TCA), benzodiaz-
epines, and statins.

Statistical analysis

To minimize imbalances in the weighting of multiple
confounders among subjects newly diagnosed with frac-
ture and those with no fracture, case—control groups
were matched by propensity scores. The standardized
difference was used to quantify differences in means
or prevalence rates between case and control groups.
Matching was performed using nearest neighbor match-
ing without replacement, with each individual diagnosed
with a fracture matched to an individual without a frac-
ture [15]. Baseline data, classified by fracture incidence
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into case and control groups, were summarized as fre-
quencies (percentages) after PSM. Statistical differences
in categorical variables between case and control groups
were investigated by chi-square tests. Conditional logistic
regression analysis was conducted to estimate the asso-
ciation between RASi exposure and fracture incidence,
and ORs and 95% confidence intervals (CIs) were cal-
culated. In subgroup analysis, baseline characteristics of
cases and controls were compared and variables exhib-
iting significant differences were adjusted. A two-sided
P-value of<0.05 was considered statistically significant.
Statistical analyses were carried out using SAS enterprise
guide, version 7.1 (SAS Institute, Cary, North Carolina,
USA) and R version 3.5 (Vienna, Austria; http://www.R-
project.org/).

Results

Table 1 presents the baseline characteristics of fracture
cases and controls after PSM. Men outnumbered women
in both fracture incidence cases and controls: 697 (66.4%)
to 352 (33.6%) and 690 (65.8%) to 359 (34.2%), respec-
tively. Roughly one third of the study population was
66-70 years old (36.6%) and had a normal BMI (40.9%).
All matching variables, including sex, age, BMI, alcohol
consumption, smoking habits, physical activity, income,
comorbidities, underlying diseases, presence of malnutri-
tion, and prescription drug use, were evenly distributed
between fracture cases and controls. Statistical compari-
sons of these variables revealed no significant differences,
confirming that our matching process effectively created
comparable cohorts.

The association between fracture incidence and RASi
usage was assessed using conditional logistic models
(Table 2). The frequency of RASi-ever users in fracture
cases and controls was 45.9% (n=230/1,049) and 54.1%
(n=271/1,049), respectively. Overall, RASi usage was
significantly associated with lower odds for fracture
incidence (ever-users vs never-users: OR, 0.73; 95% CI,
0.59-0.91). RAS:i use significantly decreased the fracture
incidence in current users, where RASi-ever users were
divided into current and past users based on the pres-
ence of a RASi prescription on the index date. RASi use
was also associated with a significant reduction in the
risk of fracture in most case categories, whether classi-
fied according to cumulative dose, prescription period, or
mean daily dose. However, certain specific RASi cumu-
lative doses and cumulative prescription days intervals
did not show a significant association with reduced risk
of fracture (cDDD>365: OR, 0.94; 95% CI, 0.70-1.26;
cumulative prescription days,>90 and<180: OR 0.61;
95% CI, 0.37-1.03; cumulative prescription days,>365:
OR, 0.95; 95% CI, 0.71-1.28). In a subsample of 1,387
men and 711 women analyzed based on sex, RASi use
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Table 1 Baseline characteristics of fracture cases and matched

controls
Variables Fracture Controls P-value
case
(n=1,049) (n=1,049)
n % n %
Age, years 0.519
<65 351 335 342 326
66-70 391 373 376 358
>71 307 293 331 316
Sex 0.782
Men 697 664 690 658
Women 352 336 359 342
BMI, kg/m? 0.991
<185 34 32 35 33
18.5-229 429 409 430 410
23.0-24.9 277 264 271 258
>250 309 295 313 298
Alcohol consumption 0.626
None 619 590 607 579
Drinker 430 410 442 421
Smoking 0.986
Non-smoker 604 576 607 579
Past smoker 213 203 210 200
Current smoker 232221 232 221
Regular exercise 0403
No 335 319 354 337
Yes 714 681 695 663
Household income class 0.777
Lower 274 261 263 251
Middle 358 341 372 355
Upper 417 398 414 395
CCl score 0.702
0 262 250 283 270
1 233 222 221 211
2 180 172 170 162
>3 374 357 375 357
Comorbidity
CVD 187 178 179 171 0.687
Cerebrovascular disease 125 119 120 114 0786
COPD 90 8.6 105 100 0.292
Diabetes mellitus 350 334 342 326 0745
Rheumatic arthritis 92 88 112107 0.161
Hyperthyroidism 47 45 46 44 1.000
Chronic liver disease 457 436 451 430 0826
Malnutrition 7 07 5 0.5 0.772
Crohn'’s disease 265 253 268 255 0920
Medications other than RASi
Calcium/vitamin D supplements 76~ 72 80 76  0.803
Other osteoporotic agents 14 13 15 14 1.000
HRT agents 23 2.2 20 1.9 0758
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Table 1 (continued)
Variables Fracture Controls P-value
case
(n=1,049) (n=1,049)
n % n %
Glucocorticoids 68 6.5 62 5.9 0.651
Thiazolidinedione 34 32 27 26 0436
Antithyroid drugs 10 10 8 08 0813
Beta blockers 240 229 230 219 0637
Calcium channel blockers 380 362 392 374 0618
Loop diuretics 57 54 50 4.8 0.552
Thiazides 226 215 227 216 1.000
Antiepileptics 133 127 148 141 0369
SSRIs 29 28 33 3.1 0.699
TCAs 145 138 150 143 0802
Benzodiazepines 659 628 660 629 1.000
Statins 231 220 225 214 0791

Abbreviations: CCl Charlson comorbidity index, CVD Cardiovascular disease,
COPD Chronic obstructive pulmonary disease, RASi Renin-angiotensin system
inhibitors, HRT Hormone replacement therapy, SSRI Selective serotonin reuptake
inhibitor, TCA Tricyclic antidepressant

was not associated with a lower OR for fracture inci-
dence. RASi use also did not differently affect fracture
incidence among the three age groups (Table 3).

To evaluate the influence of RASi use on fracture inci-
dence across different RASi types, we stratified fracture
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cases and controls according to use of ARBs-only, ACEi-
only, or both agents (Table 4). We found that ARB-only
users experienced fewer fractures than RASi-never users
(OR, 0.65; 95% CI, 0.49-0.86). Contrarily, a significant
association was not found between other RASi types
and fracture incidence (ACEi-only users: OR, 0.85; 95%
CI, 0.55-1.30; ARB- and ACEi-users: OR, 0.82; 95% CI,
0.54-1.26).

Finally, we conducted subgroup analyses to determine
if there were changes in the relationship between RASi
use and fracture incidence in the presence of specific
clinical conditions (Table 5). These subgroups included
cases with the presence or absence of DM, CVD, expo-
sure to statins, and BMI exceeding 23. ORs were signifi-
cantly lower for RASi-ever users without CVD, those
with a BMI exceeding 23, and those exposed to statins.

Discussion

This study was designed to evaluate the association
between RASi use and fracture incidence via a large,
population-based, nested case—control study. With the
global population aging, the number of individuals suf-
fering from chronic conditions is set to rise. Among these
conditions, fractures are likely to pose a significant chal-
lenge for clinicians and emerge as a crucial health issue
in the coming decades. Metabolic bone disorders primar-
ily result from abnormalities in calcium and phosphorus
metabolism, imbalance in parathyroid hormone (PTH),

Table 2 Use of renin-angiotensin system inhibitors and incidence of fracture

Variables Fracture case Controls Conditional logistic
regression
(n=1,049) (n=1,049)
n % n % OR (95% Cl) P-value

RASi use Never-user 819 513 778 48.7

Ever-user 230 459 271 54.1 0.73(0.59-0.91) 0.004
RASI prescription at the index date Never-user 819 513 778 48.7

Past user 67 46.5 77 535 0.72 (0.49-1.05) 0.084

Current user 163 45.7 194 54.3 0.73 (0.57-0.94) 0.014
RASi cumulative dose (cDDD) 0<cDDD <90 44 40.0 66 60.0 0.65 (0.43-0.99) 0.043

90<cDDD< 180 26 36.6 45 634 0.53(0.31-0.90) 0.018

180<cDDD < 365 28 373 47 62.7 047 (0.27-0.82) 0.007

cDDD =365 132 539 113 46.1 0.94 (0.70-1.26) 0.693
Cumulative prescription days 0<days<90 43 37.7 71 623 0.60 (0.39-0.90) 0014

90 <days <180 30 41.7 42 583 61(0.37-1.03) 0.063

180 < days <365 27 355 49 64.5 0.49 (0.29-0.83) 0.009

Days >365 130 544 109 456 0.95(0.71-1.28) 0.744
Mean prescribed daily dose (PDD) PDD<0.5 7 46.7 8 533 0.84 (0.29-2.47) 0.752

0.5<PDD<1 167 44.5 208 555 0.72 (0.56-0.92) 0.008

PDD>1 56 505 55 495 0.75 (0.49-1.15) 0.194

Abbreviations: RASi Renin-angiotensin system inhibitors, cDDD Cumulative defined daily dose, PDD Prescribed daily dose
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Table 3 Use of renin-angiotensin system inhibitors and incidence of fracture by age and gender

Variables Fracture case Controls Conditional logistic regression
(n=1,049) (n=1,049)
n % n % OR (95% Cl) P-value
Age (<65 years) Never-user 295 51.7 276 483
Ever-user 56 459 66 541 0.80 (0.42-1.51) 0486
Age (66-70 years) Never-user 304 519 282 48.1
Ever-user 87 481 94 519 0.51(0.27-0.96) 0.036
Age (=71 years) Never-user 220 50.0 220 50.0
Ever-user 87 439 11 56.1 0.59(0.31-1.12) 0.109
Male Never-user 545 516 512 484
Ever-user 152 46.1 178 539 0.74 (0.55-1.00) 0.050
Female Never-user 274 50.7 266 493
Ever-user 78 45.6 93 544 0.67 (0.41-1.10) 0114

Table 4 Incidence of fracture according to type of renin-angiotensin system inhibitor

Variables Fracture case Controls Conditional logistic regression
(n = 1,049) (n = 1,049)
n % n % OR (95% CI) P-value
RASI use Never-user 819 51.3 778 487
ARB only-user 126 441 160 559 0.65 (0.49-0.86) 0.003
ACEi only-user 51 47.7 56 523 0.85(0.55-1.30) 0.447
ARB/ACEi-ever user 53 49.1 55 509 0.82 (0.54-1.26) 0.369

Abbreviations: RASi Renin-angiotensin system inhibitors, ARB Angiotensin Il receptor blocker, ACEi As angiotensin converting enzyme inhibitor

Table 5 Risk of fracture considering exposure to renin-angiotensin system inhibitors in subgroups

Variables Fracture case Controls Conditional logistic regression
(n=1,049) (n=1,049)
n % n % OR (95% Cl) P-value
Diabetes Never-user 215 527 193 473
Ever-user 135 47.5 149 525 0.81(0.49-1.35) 0415
No diabetes Never-user 604 50.8 585 49.2
Ever-user 95 438 122 56.2 0.74 (0.51-1.07) 0.108
No stroke Never-user 811 512 773 48.8
Ever-user 223 457 265 543 0.73 (0.58-0.91) 0.005
BMI > 23 kg/m? Never-user 427 51.9 396 48.1
Ever-user 159 45.8 188 542 0.65 (0.46-0.91) 0.013
Statins Never-user 66 50.8 64 492
Ever-user 92 484 98 516 0.62 (047-0.83) 0.001
No statins Never-user 392 50.6 382 494
Ever-user 71 46.1 83 539 061 (0.35-1.05) 0.074

Abbreviations: BMI Body mass index
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and deficiency in vitamin D, an important mediator of
calcium metabolism [16]. Epidemiological evidence and
research suggest a connection between hypertension and
vitamin D deficiency, which could potentially accelerate
the age-related decrease in bone density [17]. Conse-
quently, thiazide diuretics or beta-blockers may decrease
fracture incidence by reducing the risk of renal calcium
excretion in elderly hypertensive individuals [18, 19].
RASis have also been proposed to lessen the risk of frac-
tures due to their blood pressure controlling ability [20].
Experimental data shows that RAS inhibition improves
bone quality independently of the effect of RAS inhibi-
tors on blood pressure. Initially, the function of the RAS
was assumed to be primarily systemic. However, recent
studies have revealed that increased local activation of
the RAS can lead to osteoporosis via osteoclast activa-
tion. The vascular systems have a fundamental role in
bone remodeling, and thus, blood flow regulation is
another osteoprotective effect of the RAS. RASis have
garnered significant interest as these medications are
already widely used, safe, and reasonably priced. Nev-
ertheless, inconsistencies persist in the reported asso-
ciations between RASi use and the risk of fractures. For
instance, Kunutsor et al. reported that RASi use was not
associated with a long-term risk of composite fracture
and that these inhibitors had limited beneficial effects
[21]. On the contrary, other studies have reported that
RASis can decrease the risk of fractures in the elderly
population [22, 23]. This study contributes to this debate
by providing relevant information based on data analyses
from a population-based cohort. Overall, we discovered
a significant relationship between RASi exposure and a
decreased risk of fracture incidence that remained con-
sistent across multiple clinically relevant subgroups. Our
data was gathered from a large, representative, nation-
wide registry, accurately reflecting real-world clinical
situations with a relatively low attrition rate. This pro-
vided an unbiased evaluation of RASi exposure data
prior to the incidence of fracture, and the use of registry
data helped to eliminate the potential for recall bias. The
current study’s concept is a culmination of prior analy-
ses; therefore, we opted for a nested case—control study
model and utilized an adjusted regression model to mini-
mize potential confounding effects. As a result, our study
design was comprehensive and robust, and statistical
power was preserved even during subgroup analyses. Our
study acknowledges the role of cognitive impairments in
increasing the risk of fractures, not solely due to falls but
also through decreased mobility and overall frailty. How-
ever, the retrospective nature of our study and the spe-
cific dataset used (NHIS-NSC) limited our capacity to
include detailed clinical data such as diagnoses of demen-
tia or Alzheimer’s disease. Despite these limitations, we
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believe our study provides a foundational understanding
of the relationship between RASi use and fracture risk,
and we highlight the need for future research to incorpo-
rate a broader range of cognitive risk factors.

Our analyses yielded several notable findings. Firstly,
the incidence of fractures was diminished among current
RAS:I users as of the index date. For past RASi users, we
posited less RASi cumulative defined daily dose (cDDD)
because the nature of the data set prevented us from
precisely determining these subjects’ RASi exposure
period. The findings of the present study, demonstrating
a significant reduction in fracture risk even among those
with a comparatively low cDDD, bolster this assump-
tion. Angiotensin II exerts a stimulatory influence on
osteoblasts and is thus suggested to have adverse effects
on bone structure by enhancing bone resorption [24]. It
also reduces the uptake of calcium into bones, impedes
osteoblastic cell differentiation and bone formation, and
diminishes alkaline phosphatase activity [25]. It appears
plausible that the inhibitory effect of RASi on angioten-
sin II signal transduction could be dose-independent,
potentially preventing osteoporosis, augmenting bone
mass, and expediting bone healing. Secondly, notwith-
standing the relationship we uncovered between RASIi
exposure and diminished fracture incidence, we did
not observe a significant reduction in fracture risk with
increased RASi cumulative doses (cDDD) or prescription
durations exceeding 365 days, which stands in contrast
to our initial expectations. Interpreting this unexpected
result is challenging, especially since a significant asso-
ciation was not evident in the highest quartile, as guided
by cumulative dosage and prescription intervals. We can
speculate that patients receiving higher RASi doses over
a prolonged period might be older and have been manag-
ing chronic diseases for a longer duration. This apparent
contradiction could be attributed to the potential resid-
ual confounding effects of other factors, possibly under-
mining the anticipated inverse correlation between RASi
use and fracture incidence. We propose that the benefi-
cial effects of a medication may not always intensify lin-
early with its duration of use or dosage. Furthermore, the
effects of a medication like RASi could intertwine with
complex biological pathways, potentially influenced by
an individual’s fluctuating health status, thus potentially
altering the medication’s effectiveness and its role in frac-
ture risk. For example, elderly patients prescribed higher
RASi doses for longer durations could be more prone
to prolonged bouts of chronic illness. Consequently, it’s
essential to recognize the observational nature of our
findings, which may not account for every potential con-
founding variable. While our analyses did not reveal a
significant difference in the effect of RASi use on fracture
incidence between men and women, we observed that
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the proportion of men in the fracture cases was higher
than that of women, which contrasts with typical epide-
miological trends of higher osteoporotic fracture inci-
dence in women. This observation may be influenced by
the stratified random sampling of the national population
in the NHIS-NSC database, the inclusive nature of our
fracture criteria, and the higher screening participation
rate among men. It is important to note that while our
propensity score matching was effective in controlling
for various fracture risk factors, it was not specifically
designed to address gender balance. This aspect is impor-
tant for interpreting the study results, particularly when
extrapolating to osteoporosis in a typically female-dom-
inated population. Prolonged RASi users might grapple
with more severe underlying health problems, possibly
heightening their fracture risk and obscuring the benefits
of RASi on fracture risk reduction we initially perceived.
Thirdly, RASi use did not significantly reduce the risk
of fracture incidence in men versus women. However,
fracture risk tends to be lower in men than women. This
outcome might be partially explained by sex differences
in the RAS. Sex hormones affect components of the
RAS via several mechanisms. The higher activity level of
RAS in men compared to women is well-established [26,
27]. Therefore, we posit that our finding of significantly
reduced fracture incidence in men using RASi is related
to the higher RAS activity in men than women. Fourthly,
we discovered that ARB-only use had a more consider-
able impact on reducing the risk of fracture incidence
than ACEi-only use or ARB/ACEi-ever use. The reason
for this is unclear; however, it could be because angioten-
sin II commonly induces the expression of the receptor
activator of nuclear factor kappa B ligand (RANKL) in
osteoblasts, leading to the activation of osteoclasts [28],
and this process might be more effectively blocked by
ARBs than ACEi. Our results align with those of Kwok
et al., who found that ARB users displayed a lower frac-
ture incidence than ACEi users among older hyperten-
sive men [29].

While the current study established a link between
RASi use and a reduction in fracture incidence, it pos-
sesses several limitations. Firstly, the NHIS-NSC data-
base lacks comprehensive information about fractures,
including cause, site, severity, and BMD data. The inclu-
sion of these variables in future research could yield
a more thorough understanding of the relationship
between RASi use and fractures. This could also reveal
differences in the effectiveness of RASi in preventing
various types of fractures and illuminate the influence
of RASi on bone health. Secondly, although this study
offered significant insights into the relationship between
RAS;i usage and fracture incidence, it didn’t consider fac-
tors such as medication adherence and renal function
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markers. Accounting for these in future investigations
may provide a more complete understanding and poten-
tially affect our comprehension of the RASi efficacy and
its association with fracture risk. Thirdly, due to the fre-
quent switching of ACEi among subjects, we could not
assess fracture risk in ACEi-only users. Lastly, we did not
evaluate the frequency of calcium or vitamin D3 sup-
plement usage, which are available as over-the-counter
medicines in South Korea and could potentially associate
with fracture incidence.

Conclusions

The present study established a significant association
between RASi use and diminished fracture incidence in
a nationwide, population-based, real-world setting. Our
findings emphasize the clinical potential of RASi as a
preventive strategy for osteoporotic fractures in elderly
patients at risk. Future studies, balanced and comprehen-
sive in nature, are required to verify the capacity of RASi
to reduce fracture risk.
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