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The combined use of anti-peptic agents is associated with an increased
risk of osteoporotic fracture: A nationwide case-control study

Aims Results

Compared to PPI alone, the combination of PPl and H2RA increases the
risk of osteoporotic fractures.
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the Korean National Health Insurance Data from 2014 to 2020
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\ + The case and control group were classified by matching for age
and sex. Multivariate analysis with CCl score and concomitant drugs.

This study found that the combined use of “PPl and H2RA” was associated with a higher risk of osteoporotic fractures.
In cases where deemed necessary, the physicians may initially consider prescribing the combination use of MPA.

Conclusion

Background/Aims: Long-term use of acid suppressants such as proton pump inhibitors (PPIs) and histamine 2 receptor
antagonist (H2RA) has been associated with the risk of osteoporotic fracture. Acid suppressants and muco-protective agents
(MPAs) are often used together as anti-ulcer agents. We evaluated the association between the risk of osteoporotic fracture
and the combined use of these anti-peptic agents.

Methods: A population-based case-control study was conducted by analyzing the Korean National Health Insurance Data
from 2014 to 2020. Patients who had been prescribed anti-peptic agents, such as PPI, H2RA, or MPA, were included. Con-
sidering the incidence of osteoporotic fractures, the case group (n = 14,704) and control group (n = 58,816) were classified
by 1:4 matching based on age and sex.

Results: The use of all types of anti-peptic agents was associated with an increased risk of osteoporotic fractures (PPI: hazard
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ratio [HR], 1.31; H2RA: HR, 1.44; and MPA: HR, 1.33; all p < 0.001). Compared to PPl alone, the combined use of “PPI and
H2RA" (HR, 1.58; p = 0.010) as well as “PPI, H2RA, and MPA" (HR, 1.71; p = 0.001) was associated with an increased risk of
osteoporotic fracture. However, compared with PPl alone, “MPA and PPl or H2RA" was not associated with an increased risk

of osteoporotic fracture.

Conclusions: This study found that the combined use of “PPl and H2RA" was associated with a higher risk of osteoporotic
fractures. In cases where deemed necessary, the physicians may initially consider prescribing the combination use of MPA.

Keywords: Anti-ulcer agents; Proton pump inhibitor; Histamine H2 antagonists; Osteoporotic fracture

INTRODUCTION

Polypharmacy is common in older patients with multiple co-
morbidities, increasing the likelihood of duplicate prescrip-
tions for drugs with similar effects and raising the risk of
drug-induced side effects [1,2]. In particular, many patients
are prescribed anti-peptic agents such as proton pump in-
hibitors (PPIs), histamine 2 receptor antagonists (H2RAs),
and muco-protective agents (MPA) for an extended dura-
tion to treat and prevent acid-related or drug-induced gas-
troenteropathy such as peptic ulcer disease, gastroesopha-
geal reflux disease, and functional dyspepsia [3-8].

Because acid-related or drug-induced gastroenteropathies
are a common and recurrent disease, long-term and repeat-
ed use of anti-peptic agents may be necessary to manage its
symptoms [9,10]. Although there is some controversy, there
have been concerns about the potential side effects associ-
ated with its long-term use, especially of PPI [3]. Long-term
PPI use may increase the risk of osteoporotic fractures, with
a higher risk than with H2RAs in both Eastern and Western
populations [11-13].

Additionally, MPA is commonly used in combination with
PPl and H2RA to treat acid-related diseases. These combi-
nation uses of anti-peptic agents may have complex effects
on bone metabolism [14]. However, there are limited stud-
ies on the relationship between the combined use of an-
ti-peptic agents including MPA and the risk of osteoporotic
fractures. To address this gap, we conducted a case-control
study using a nationwide cohort database to investigate the
association between various uses, including possible com-
bination use, of different anti-peptic agents and the risk of
osteoporotic fracture.
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METHODS

Data source

We analyzed the Korean nationwide cohort database of
the National Health Insurance Service (NHIS) from 2014 to
2020. A cohort database was requested, and data were
provided after the NHIS reviewed the data provision. This
cohort database includes information related to the medical
usage of the sample population for a 6-year period from
2014 to 2020. Korean NHIS is an insurance system that re-
quires all citizens to subscribe to health insurance. The NHIS
collects the health data of all people enrolled in the National
Health Insurance and uses it for various research and poli-
cy decisions to improve national health. Information relat-
ed to disease codes and drug use was confirmed using a
nationwide cohort database. All methods were performed
in accordance with relevant guidelines and regulations. The
requirement of informed consent was waived by the appro-
priate board. The study protocol was approved by the Insti-
tutional Review Board (IRB) of the Dongguk University llsan
Hospital (IRB no. DUIH 2020-05-010-002). To comply with
the privacy rules of health insurance transfers and other pri-
vacy laws, all personal identification numbers were encrypt-
ed by converting them into scrambled numbers before data
processing. Therefore, the use of anonymized information
exempted this study from the need for written informed
consent.

Study population

Patients who had been prescribed anti-peptic agents, such
as PPI, H2RA, or MPA, for more than 2 days between 2014
and 2020 were selected from the NHIS database. The cohort
entry date was defined as the date of the first prescription
of anti-peptic agents during the study period from 2014 to
2020. The end point date was defined as the time of osteo-
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Patients with anti-peptic agents for over 2 days
(n = 4,950,669)

Exclusion
Under 50 years (n = 3,238,803)
Patients with anti-peptic agents within 1 year (n = 1,195,831)
Patients with fractures within 1 year (n = 9,205)
Immunocompromised patients within 1 year (n = 93,426)

\4

Finally included patients
(n = 413,404)

\4

: :

Patients with osteoporotic fracture

Patients without osteoporotic fracture

(n=14,704) (n = 398,700)
Case group Matched control group
(n=14,704) (n =58,816)

Figure 1. Study protocol. The case and control groups were subjected to 1:4 matching based on age and sex as variables.

Table 1. Baseline characteristics

Variable Case group (n = 14,704) Control group (n = 58,816) p value

Sex 0.634
Male 3,630(24.7) 14,634 (24.9)

Female 11,074 (75.3) 44,182 (75.1)

Age, yr 69.88 £ 11.12 69.90 + 11.16 0.845
50's 3,428 (23.3) 12,992 (22.1) 0.999
60's 3,800 (25.8) 15,200 (25.8)

70's 4,432 (30.1) 17,761 (30.2)
>80's 3,224 (21.9) 12,863 (21.9)

Concomitant diseases
Hypertension 10,046 (68.3) 36,747 (62.5) < 0.001
Diabetes mellitus 8,595 (58.5) 27,992 (47.6) < 0.001
COPD 5,697 (38.7) 17,426 (29.6) < 0.001
Chronic kidney disease 961 (6.5) 2,502 (4.3) < 0.001
Hyperthyroidism 889 (6.0) 2,609 (4.4) < 0.001
Systemic lupus erythematosus 167 (1.1) 344 (0.6) < 0.001
Cushing’s syndrome 72 (0.5) 123 (0.2) < 0.001

CCI? score 5.56 +3.43 421 +31 < 0.001
0 404 (2.7) 4,817 (8.2) < 0.001
1 1,023 (7.0) 7,565 (12.9)

2 1,495 (10.2) 8,136 (13.8)
>3 11,782 (80.1) 38,298 (65.1)

Values are presented as number (%) or mean = standard deviation.

COPD, chronic obstructive pulmonary disease; CCl, Charlson Comorbidity Index.

ACCl includes multiple comorbidities such as cardiac disease, cerebrovascular disease, COPD, diabetes, and chronic kidney disease.
The case group included patients with osteoporotic fractures, and the matched control group comprised patients without osteo-
porotic fracture.
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porotic fracture occurrence in the study group and the end
date of the NHIS claims data in the control group. Upon co-
hort entry, all patients were required to be at least 40 years
old and have at least 1 year of prior medical information.
Patients under the age of 50, those diagnosed with malig-
nancy, acquired immunodeficiency syndrome, osteoporosis
and fracture, and those prescribed anti-peptic agents within
1 year prior to the entry date were excluded.

The finally enrolled patients were divided into case and
control groups based on the occurrence of osteoporotic
fractures. In the case group, osteoporotic fractures occurred
among anti-peptic agent users. Osteoporotic fractures were
confirmed according to International Classification of Dis-
eases 10th Revision (ICD-10) codes included in the medi-
cal claims data of the NHIS. This included patients with a
diagnosis code of osteoporotic fracture (M80) and those
with fracture codes for specific locations (thoracic vertebrae
[S220-S221], lumbar vertebra [S320, S327], spine [M484,
M485], proximal humerus [S422, S423], femur [S720,

KJIM™

$721], and distal radius [S525, 526]), following treatment
and diagnosis of osteoporosis (M81, M82) [15]. The control
group was comprised of anti-peptic agent users who did
not experience osteoporotic fractures. Case-control match-
ing was performed between both groups using age and sex
as variables.

Drug exposure and covariates

We confirmed the prescription and duration of PPI, H2RA,
and MPA using the drug code (main ingredient code) in
the NHIS claims database. The PPIs included rabeprazole,
pantoprazole, S-pantoprazole, lansoprazole, dexlansopra-
zole, omeprazole, esomeprazole, and ilaprazole. The H2RAs
included roxatidine, nizatidine, lafutidine, famotidine, ci-
metidine, and ranitidine. The MPAs included eupatilin, ir-
sogladine, ecabet sodium, sodium alginate, misoprostol,
rebamipide, teprenone, and troxipide. During the study pe-
riod, the groups of anti-peptic agents were classified into
groups PPl alone; H2RA alone; MPA alone; PPl and MPA,;

Table 2. Duration of PPl and use of anti-peptic agents during study period

Variable Case group (n = 14,704) Control group (n = 58,816) p value
Duration of PPI, days < 0.001
None 3,761 (25.6) 24,502 (41.7)
2-30 3,856 (26.2) 16,144 (27.4)
31-90 2,980 (20.3) 8,728 (14.8)
91-180 1,601 (10.9) 3,922 (6.7)
181-365 1,105 (7.5) 2,547 (4.3)
> 365 1,401 (9.5) 2,973 (5.1)
Prescription < 0.001
MPA alone 247 (1.7) 3,775 (6.4)
H2RA alone 420 (2.9) 5,068 (8.6)
PPl alone 48(0.3) 774 (1.3)
H2RA + MPA 3,094 (21.0) 15,659 (26.6)
PPl + MPA 327 (2.2) 2,511 (4.3)
PPl + H2RA 396 (2.7) 2,077 (3.5)
PPl + H2RA + MPA 10,172 (69.2) 28,952 (49.2)
2-30 days on PPI 3,484 (23.7) 12,907 (21.9)
31-90 days 2,799 (19.0) 7,621 (13.0)
91-180 days 1,514 (10.3) 3,521 (6.0)
181-365 days 1,047 (7.1) 2,291 (3.9)
> 365 days 1,328 (9.0) 2,612 (4.4)

Values are presented as number (%).

PPI, proton pump inhibitor; MPA, muco-protective agent; H2RA, histamine 2 receptor antagonist.
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H2RA and MPA; PPl and H2RA; and PPI, H2RA, and MPA
based on drug exposure. In each group, anti-peptic agents
could be either used simultaneously or independently.

We also identified concomitant drugs that may affect
osteoporotic fractures such as bisphosphonates, glucocor-
ticoids, anticonvulsants, hormone replacement therapy,
warfarin, heparin, antacids, selective serotonin reuptake
inhibitors, benzodiazepines, and tricyclic antidepressants.
Concomitant diseases such as chronic obstructive pulmo-
nary disease (COPD), testicular dysfunction, hypothalamic
dysfunction, hyperthyroidism, hyperparathyroidism, Cush-
ing’s syndrome, hyperprolactinemia, vitamin D deficiency,
idiopathic hypercalciuria, diabetes, anorexia nervosa, sys-
temic lupus erythematosus, hypertension, intestinal absorp-
tion disorder, inflammatory bowel disease, chronic kidney
disease, and secondary amenorrhea were also identified.
The Charlson Comorbidity Index (CCl) score was confirmed
by considering these diseases and comorbidities [16].

The Korean Journal of Internal Medicine Vol. 39, No. 2, March 2024

Study outcomes and statistical analysis

The primary outcome was to confirm the use of anti-peptic
agents and the risk of osteoporotic fracture during the study
period. The secondary outcomes were to determine the risk
of osteoporotic fracture according to the type of anti-peptic
agent used and duration of use. Categorical variables, such
as sex, types of health insurance, presence of comorbidities,
and presence of concomitant medications, are presented as
frequencies and percentages, while continuous variables,
such as age and CCl, are presented as mean and standard
deviation. Conditional logistic regression analysis was per-
formed to determine the association between the use of an-
ti-peptic agents and the incidence of osteoporotic fractures,
and the results are presented as hazard ratio (HR) and 95%
confidence interval (Cl). If any diseases or drugs known to
be associated with osteoporotic fractures were identified
during the study period, they were considered major risk
factors. Logistic regression analysis was conducted for each
factor to determine its statistical significance in predicting

Table 3. Univariate and multivariate analysis for association between the risk of osteoporotic fractures and the use of anti-

peptic agents
Variable Ref. Univariate HR (95% Cl) p value Multivariate HR (95% Cl) p value
CCIP score
1 1.45 (1.27-1.64) < 0.001 1.22 (1.06-1.417) 0.005
2 1.75 (1.55-1.98) < 0.001 1.31 (1.14-1.50) < 0.001
>3 2.79 (2.50-3.11) < 0.001 1.65 (1.46-1.88) < 0.001
Concomitant drugs®
1 1.51 (1.35-1.70) < 0.001 1.17 (1.03-1.33) 0.016
2 1.86 (1.67-2.08) < 0.001 1.16 (1.02-1.31) 0.023
>3 2.81(2.53-3.12) < 0.001 1.35 (1.19-1.52) < 0.001
Anti-peptic agents
MPA alone PPI 0.89 (0.62-1.27) 0.509 0.89 (0.62-1.27) 0.509
H2RA alone PPI 1.88 (1.39-2.55) < 0.001 0.85 (0.61-1.20) 0.362
H2RA + MPA PPI 0.93 (1.39-1.27) 0.638 1.37 (0.99-1.90) 0.062
PPl + MPA PPI 1.56 (1.13-2.15) 0.007 1.22 (0.86-1.74) 0.267
PPl + H2RA PPI 2.02 (1.46-2.78) < 0.001 1.58 (1.11-2.23) 0.010
PPl + H2RA + MPA PPI 3.06 (2.26-4.14) < 0.001 1.71 (1.23-2.38) 0.001

HR, hazard ratio; Cl, confidence interval; CCl, Charlson Comorbidity Index; MPA, muco-protective agent; H2RA, histamine 2 recep-

tor antagonist; PPI, proton pump inhibitor.

ACCl included multiple comorbidities such as cardiac disease, cerebrovascular disease, chronic obstructive pulmonary disease, dia-

betes, and chronic kidney disease.

®Concomitant drugs included bisphosphonates, glucocorticoids, anticonvulsants, hormone replacement therapy, warfarin, heparin,
antacids, selective serotonin reuptake inhibitors, benzodiazepines, and tricyclic antidepressants, which can affect osteoporotic frac-

ture.
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the risk of osteoporotic fractures. A significance level of
p < 0.05 was used for each factor included as a covariate in
the regression model. Statistical analysis was performed on
all data using SAS version 9.3 (SAS Institute Inc., Cary, NC,
USA), and statistical significance was tested with a signifi-
cance probability of 0.05 and a two-tailed test.

RESULTS

Baseline characteristics

During the study period, 4,950,669 patients were prescribed
anti-peptic agents for more than 2 days. After excluding the
patients who met the exclusion criteria, 413,404 patients
remained in the study. Osteoporotic fractures were con-
firmed in 14,704 patients (case group) and not confirmed in
398,700 patients (control group). A 1:4 matching was per-
formed for the case and control groups, with age and sex as
matching variables; therefore, 14,704 and 58,816 patients
were assigned to the case and control groups, respectively
(Fig. 1).

The proportion of women was 75.3% and 75.1% in the
case and control groups, respectively. The mean ages of
the case and control groups were 69.88 and 69.90 years,
respectively, and they were appropriately matched by age.
Both the case and control groups had high rates of concom-
itant diseases, including hypertension, diabetes, and COPD.
However, these diseases were significantly more prevalent
in the case group than in the control group (all p < 0.001).
The number of concomitant drugs was also higher in the
case group than in the control group; the proportion of pa-
tients who had been prescribed glucocorticoids was 84.9%
in the case group and 74.7% in the control group. The pro-
portion of patients with a CCl score > 3 was significantly
higher in the case group (62.6%) than it was in the control
group (44.5%) (p < 0.001) (Table 1).

Use of anti-peptic agents

Regarding the duration of PPl use, there were more cas-
es in which PPl were prescribed for > 30 days in the case
group than in the control group. During the study period,
the proportions of patients who were prescribed PPl alone,
H2RA alone, and MPA alone were 0.3%, 2.9%, and 1.7%
in the case group and 1.3%, 8.6%, and 1.8% in the con-
trol group, respectively. The combined use of “PPI, H2RA,
and MPA" was the most common administration method

https://doi.org/10.3904/kjim.2023.326

Table 4. Multivariate analysis for risk of osteoporotic fracture according to duration of PPl use

PPI > 90 days

Multivariate HR

PPl < 90 days

Multivariate HR

PPI > 30 days

Multivariate HR

PPl < 30 days

Multivariate HR

Ref.

Variable

p value

p value

p value

p value

(95% ClI)
2.79 (1.35-5.77)

(95% Cl)
1.56 (1.23-1.98)

(95% Cl)
1.32(0.91-1.91)
1.03 (0.70-1.53)
0.75 (0.49-1.14)

(95% Cl)
2.04(1.44-2.90)

< 0.001 0.006

0.138
0.871

< 0.001

0
0
0
0
0
0

CCI? score > 3
CCl score 2
CCl score 1

0.232 1.78 (0.81-3.90) 0.151

1.17 (0.90-1.54)

0.027
0.031

1.54 (1.06-2.25)

0.644
0.574
0.364
0.442

1.23(0.52-2.90)
0.82 (0.41-1.65)
0.72 (0.35-1.46)
0.74 (0.35-1.58)

0.224
0.030

1.18 (1.23-1.98)
1.32 (1.03-1.69)

0.172
0.701

1.53(1.04-2.24)
1.00 (0.71-1.42)
1.01(0.71-1.44)
0.96 (0.67-1.38)

1.07 (0.75-1.55)
0.91 (0.63-1.32)

0.996
0.943
0.819

Concomitant drugs? > 3
Concomitant drugs 2

1.24 (1.03-1.69) 0.097

0.701

1.18 (1.03-1.69) 0.208

0.819

1.02 (0.69-1.50)

Concomitant drugs 1
Anti-peptic agents

KJIM™

0.400
0.032
0.046

1.69 (0.50-5.70)
3.77 (1.12-12.65)
3.18 (1.02-9.90)

0.122

0.011
0.004

1.89 (1.16-3.09)
2.00 (1.25-3.20)

PPI, proton pump inhibitor; HR, hazard ratio; Cl, confidence interval; CCl, Charlson Comorbidity Index; MPA, muco-protective agent; H2RA, histamine 2 receptor antagonist.

1.48 (0.90-2.44)
ICCl included multiple comorbidities such as cardiac disease, cerebrovascular disease, chronic obstructive pulmonary disease, diabetes, and chronic kidney disease.

0.776
0.360
0.110

1.09 (0.59-2.03)
1.33(0.72-2.47)
1.59 (0.90-2.83)

0.220
0.053
0.023

1.59 (0.76-3.32)
2.07 (0.99-4.30)
2.25 (1.12-4.53)

PPI
PPI
PP

PPl + H2RA + MPA

PPl + MPA

PPl + H2RA
b Concomitant drugs included bisphosphonates, glucocorticoids, anticonvulsants, hormone replacement therapy, warfarin, heparin, antacids, selective serotonin reuptake

inhibitors, benzodiazepines, and tricyclic antidepressants, which can affect the osteoporotic fracture.
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in both groups, prescribed in 69.2% in the case group and
49.2% in the control group. When comparing the meth-
od of anti-peptic agent use between the case and control
groups, the ratio of combined use of “PPI, H2RA, and MPA”
was found to be significantly higher only in the case group
(p <0.001). All other methods of anti-peptic agent use were
more common in the control group (Table 2).

Risk of osteoporotic fracture and use of
anti-ulcer agents

We conducted a multivariate analysis to investigate the as-
sociation between the use of anti-peptic agent and the risk
of osteoporotic fractures, while adjusting for concomitant
drugs and the CCl score. All anti-peptic agents were asso-
ciated with an increased risk of osteoporotic fractures. The
risk of osteoporotic fracture was 1.31 times higher (95%
Cl, 1.24-1.38) with PPl alone (n = 822), 1.44 times higher
(95% Cl, 1.30-1.59) with H2RA alone (n = 5,488), and 1.33
timeshigher(95% Cl, 1.22-1.45)with MPA alone (n=4,022),
with each of these results being statistically significant
(all p < 0.001). However, in MPA group, eupatilin alone
(n=1,134) was not associated with an increased risk of oste-
oporotic fracture in the multivariate analysis (HR, 1.07; 95%

MPA alone
H2RA and MPA

H2RA alone
PPl and MPA

The Korean Journal of Internal Medicine Vol. 39, No. 2, March 2024

Cl, 1.22-1.45; p = 0.086). In a multivariate analysis compar-
ing the risk of osteoporotic fracture based on the use of an-
ti-peptic agents versus PPl alone, MPA alone (HR, 0.89; 95%
Cl, 0.62-1.27; p = 0.509), H2RA alone (HR, 0.85; 95% Cl,
0.61-1.20; p = 0.362), “H2RA and MPA" (HR, 1.37; 95%
Cl, 0.99-1.90; p = 0.062), and “PPI and MPA" (HR, 1.22;
95% Cl, 0.86-1.74; p = 0.267) showed no association with
an increased risk of osteoporotic fractures. However, with
“PPl and H2RA" (HR, 1.58; 95% Cl, 1.11-2.23; p = 0.010)
and "PPI, H2RA, and MPA" (HR, 1.71; 95% Cl, 1.23-2.38;
p = 0.001), the risk of osteoporotic fractures increased sig-
nificantly compared to that of PPl alone (Table 3).

In a multivariate analysis examining the duration of PPI
use and concomitant use of anti-peptic agents, only the
combined use of “PPI, H2RA, and MPA" showed a sig-
nificantly higher risk of osteoporotic fracture compared to
PPI alone, even among those who used PPI for < 30 days
(HR, 2.25; 95% Cl, 1.12-4.53; p = 0.023). When PPl was
taken for < 90 days, the risk of osteoporotic fractures in-
creased significantly even in “PPl and H2RA" compared to
PPl alone (HR, 1.89; 95% Cl, 1.16-3.09; p = 0.011). In “PPI
and MPA", compared to PPl alone, the risk of osteoporotic
fracture did not significantly increase if the duration of use

PPl 'and H2RA PPl alone
PPI, H2RA, and MPA

,  PPI,H2RA, and MPA

it PPl and H2RA

0.4
) 0.3
@
N
@
=
g
Z 0.2 p < 0.0001
kS
=]
£
=
© 01
0 -
T T T
0 500 1,000
Number at risk
MPA alone - 4,022 3,105 2,537
H2RA and MPA — 18,753 17,645 16,202
H2RA alone —| 5,488 4,890 4,147
PPl and MPA — 2,838 2,426 2,074
PPl and H2RA — 2,473 2,264 1,944
PPI, H2RA, and MPA — 39,124 37,130 34,434
PPl alone 822 584 439
T T T
0 500 1,000

1,500 2,000 2,500
1,858 1,184 170
13,818 9,936 1,820
3,236 2,069 349
1,610 1,015 126
1,528 997 138
30,252 23,026 4,681
310 175 15
T T T
1,500 2,000 2,500

Time

Figure 2. Association between long-term use of anti-peptic agents and the risk of osteoporotic fractures. We analyzed the risk of osteo-
porotic fractures over time from the initial prescription of the anti-peptic agents. Cumulative hazard over time was highest in the order of
“PPI, H2RA, and MPA" followed by “PPl and H2RA". PPI, proton pump inhibitor; H2RA, histamine 2 receptor antagonist; MPA, muco-pro-

tective agent.
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was < 6 months (HR, 1.40; 95% Cl, 0.89-2.21; p = 0.143),
whereas the risk of osteoporotic fractures increased if the
duration of use was > 6 months (Table 4). Moreover, we an-
alyzed the risk of osteoporotic fractures over time from the
initial prescription of the anti-peptic agents, and cumulative
hazard over time was highest in the order of “PPI, H2RA,
and MPA" followed by “PPl and H2RA" (Fig. 2).

DISCUSSION

This study investigated the combined and proloned use of
anti-peptic agents, especially the combination of “PPl and
H2RA", was associated with a higher risk of osteoporot-
ic fractures. However, compared with PPl alone, “PPl and
MPA" or "H2RA and MPA" did not increase the risk of os-
teoporotic fractures.

Osteoporotic fractures refer to fractures occurring with
low energy forces, which would not typically cause fractures
under normal circumstances [17]. Prevention of osteoporot-
ic fractures is crucial because such fractures can result in
significant physical, mental, and financial burdens on pa-
tients [18]. Older age, female sex, previous fragile fractures,
low body weight, smoking, low dietary calcium intake, vi-
tamin D deficiency, and some medications are known risk
factors for osteoporotic fractures [19,20]. A meta-analysis
of several studies suggested a possible association between
the long-term use of PPl and an increased risk of osteopo-
rosis (HR, 1.23; p < 0.05) and any-site fractures (HR, 1.30;
p < 0.05), including hip, spine, and wrist fractures [21]. The
risk of osteoporotic fractures increases even when PPIs are
used together with steroids or bisphosphonates [22,23].

However, as demonstrated by the prescription patterns
of anti-peptic agents in this study, the use of a single an-
ti-peptic agent alone was infrequent (0.3-8.6%). Combina-
tions of anti-peptic agents are more commonly used than
single agents. In Korea, national health insurance and ac-
cess to medical care are guaranteed; therefore, the num-
ber of outpatient visits is higher than that in other countries
[24]. Furthermore, MPA can be used alone or in addition to
acid suppressants such as PPl and H2RA in the treatment
of nonsteroidal anti-inflammatory drug-related gastrointes-
tinal injury, gastritis, and peptic ulcers [25,26]. Therefore,
it is necessary to analyze the risk of osteoporotic fractures
associated with the combined use of anti-peptic agents.

The multivariate analysis showed that, in comparison to

https://doi.org/10.3904/kjim.2023.326

KJIM™

PPI alone, the risk of osteoporotic fracture increased more in
the combined use of “PPl and H2RA" (HR, 1.58; p = 0.010)
and “PPI, H2RA, and MPA” (HR, 1.71; p = 0.001). Nonethe-
less, the risk of osteoporotic fracture was not significantly
increased in PPl and MPA" and "H2RA and MPA"” when
compared to PPl alone. Because PPl and H2RA reduce the
gastric acid secretion, they may affect calcium and vitamin
absorption and increase the fracture risk [27]. H2RA report-
edly increases the risk of hip fractures when used for > 1
year (HR, 1.23; 95% Cl, 1.14-1.39; p < 0.001) [11]. Unlike
PPl and H2RA, MPAs (such as eupatilin) have anti-inflamma-
tory and antioxidant effects and enhance gastric mucosal
defense and mucosal healing [28]. Also, studies have re-
ported that MPA such as eupatilin and rebamipide are as-
sociated with the inhibition of osteoclasts [29,30]. Because
of the differences in the mechanisms of action, the risk of
osteoporotic fracture may not be significantly increased by
acid suppressants and MPA, unlike in the case of PPI and
H2RA. However, the risk of osteoporotic fracture increased
even with MPA alone (HR, 1.33). It is possible that these dif-
ferent effects on MPA and the risk of osteoporotic fractures
are related to prostaglandin. Prostaglandin E2, involved in
the MPA mechanism, is involved in bone resorption through
RANKL activation and bone formation by stimulating osteo-
blastic differentiation [31]. Further clinical studies are need-
ed to investigate the association between MPA and bone
metabolism.

A key limitation of this study is its retrospective observa-
tional nature, interrupting the establishment of a causal re-
lationship between the use of anti-peptic agents and the risk
of osteoporotic fracture. Additionally, osteoporotic fractures
may be attributed to several risk factors in the patient, and
it is essential to consider that the use of anti-peptic agents
might not be the sole contributing factor. Despite adjusting
for factors such as age, sex, and concomitant medications,
and the CCl scores that can affect osteoporotic fractures,
other potential confounding factors that may have influ-
enced the risk of osteoporotic fractures, such as smoking,
alcohol intake, physical activity, and body mass index, were
not evaluated in this study. Moreover, based on the defini-
tion of the study population, there could be instances with-
in groups of anti-peptic agents where individuals did not
take these agents simultaneously. Nonetheless, we aimed
to determine whether the use of different types of anti-pep-
tic agents, as well as their simultaneous use, is associated
with the risk of osteoporotic fractures. Therefore, further
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research is needed to explore the association between the
simultaneous use and cumulative effects of anti-peptic
agents and the risk of osteoporotic fractures.

Nevertheless, the findings of this study showed that pa-
tients who took multiple types of anti-peptic agents or their
combination had a significantly higher risk of osteoporotic
fractures than those who did not. In addition, the risk was
highest in patients who had been using multiple anti-peptic
agents for a long period. Although anti-peptic agents do
not cause osteoporotic fractures, physicians should carefully
evaluate the benefits and risks of using these agents. If pos-
sible, physicians should prioritize treatment options involv-
ing combination of MPA, which does not increase the risk
of osteoporotic fractures, over that of PPl and H2RA. Further
studies are warranted to determine the exact mechanism by
which these anti-peptic agents may contribute to fractures
and identify strategies for minimizing the risk of fractures in
patients who require long-term use of anti-peptic agents.

KEY MESSAGE

1. Compared to PPI alone, the combined uses of
“PPl and H2RA" (HR, 1.58; 95% Cl, 1.11-2.23;
p = 0.010) and “PPI, H2RA, and MPA” (HR, 1.71,
95% Cl, 1.23-2.38; p = 0.001) were each associat-
ed with an increased risk of osteoporotic fracture.

2. Compared to PPI alone, the combined uses of
“MPA and PPI” and “MPA and H2RA" were not
associated with an increased risk of osteoporotic
fracture.

3. Physician, if feasible, should consider prescribing
the combination of MPA, which does not increase
the risk of osteoporotic fractures, over that of PP
and H2RA.
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