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Abstract

Objectives

The purpose of this study was to reconfirm the association between the risk of fracture and
proton pump inhibitor use and to establish evidence for defining a high-risk group of patients
among proton pump inhibitor users.

Methods

A nested case-control study was performed using data from the National Health Insurance
Sharing Service database from the period January 2007 to December 2017. The study pop-
ulation included elderly women aged >65 years with claims for peptic ulcer or gastro-esoph-
ageal reflux disease. The cases were all incidental osteoporotic fractures, and up to two
controls were matched to each case by age, osteoporosis, and Charlson comorbidity index.
Conditional logistic regression was used to calculate the adjusted odds ratio and 95% confi-
dence interval (Cl).

Results

A total of 21,754 cases were identified, and 43,508 controls were matched to the cases. The
adjusted odds ratio of osteoporotic fractures related to the use of proton pump inhibitors was
1.15 (95% Cl: 1.11-1.20). There was a statistically significant interaction between proton
pump inhibitor and bisphosphonate use (p<0.01). The risk of fracture in patients using pro-
ton pump inhibitors was 1.15 (95% CI: 1.08-1.92) in bisphosphonate users and 1.11 (95%
ClI: 1.03-1.20) in bisphosphonate non-users.

Conclusion

Concomitant use of bisphosphonates and proton pump inhibitors will likely increase the risk
of osteoporotic fractures in women aged 65 and over, and caution should be exercised in
this high-risk group of patients.
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Introduction

Proton pump inhibitors (PPIs) are effective gastric-acid-suppressing medications used for the
treatment of various gastrointestinal disorders, such as gastrointestinal ulcers, esophagitis,
hyperacidity, Helicobacter pylori infection, and gastro esophageal reflux disease (GERD) [1, 2].
In Korea, the number of patients using PPIs has increased annually with the 2013 rate being
11.5 times that of the 2003 rate [3].

The increase in PPI usage may be associated with an increase in the number of indicated
patients. According to data from the National Health Insurance of Korea, the number of
patients treated for peptic ulcer or GERD, the main indications for PPIs, has increased by
about 13% over the last 8 years (2017 vs. 2010) [4]. Whilst the incidence of peptic ulcer has
decreased, GERD, which has increased 1.5-fold over the period from 2010 to 2017, appears to
have contributed significantly to this trend [4]. GERD is a chronic disease that is prone to
recurrence, and symptoms can improve or worsen; thus, some patients require long-term
treatments. The increase in patients with GERD has resulted in an increase in the number of
patients using PPIs, as well as the duration of their administration [3]. In addition, the use of
PPIs is recommended to prevent gastrointestinal bleeding complications in patients who use
two or more antiplatelet drugs [5], and this has contributed to the continuous increase in the
long-term use of PPIs, particularly among elderly patients.

Bisphosphonate (BP), commonly used to prevent osteoporotic fractures, has a major
adverse effect on the upper gastrointestinal tract, including esophageal inflammation, ulcera-
tion, and dyspepsia [6-10]. Hence, it is expected that BP is administered in combination with
a PPI to prevent or treat the adverse events [11]. Identifying whether the association between
PPI use and the risk of fractures depends on BP use may provide clinical evidence that informs
drug selection and improves the anti-fracture effect of BP and the safety of PPI use.

Epidemiological studies have been reported on the association between risk of fractures
and PPI use [10, 12-14]. In particular, some studies have reported higher risk of fracture in BP
users due to the interaction of BP and PPIs [15, 16]. These associations differ among races,
indicating a higher risk of fracture in Asians than in Europeans (pooled odds ratio (OR): 1.75
vs. 1.42) [15]. One study that demonstrated the interaction between BP and PPIs in Asians was
a case-control study conducted by Lee et al. in Korea [16]. In this study, the aOR was 1.30
(95% confidence interval (CI): 1.19-1.42) in BP non-users, which was significantly different
from the 1.71 (95% CI: 1.31-2.23) found in BP users, and only BP users showed a trend of
increasing risk with a cumulative PPI dose [16]. However, a study done by Itoh et al. per-
formed in Japan showed different results [6]. It showed that BP administration in combination
with PPIs may be more effective not only for increasing bone mineral density (BMD) but also
improving physical fitness than treatment with BP alone [6].

The association between PPI use and the risk of fractures (hip, wrist or spine) is known to
be stronger when the PPI is used at high doses or over a long-term period [17]. However, stud-
ies about the interaction between BP and PPIs and the risk of fracture are based on the analysis
of data over a short observation period; therefore, the studies lack information on long-term
users. Therefore, we need to reconfirm the influence of the interaction between BP and PPIs
on fracture risk in long-term PPI users.

The purpose of this study was to reconfirm the association between fracture risks according
to the PPI usage period and to reconfirm the interaction between BP and PPIs in long-term
users based on the Korean National Health Insurance database. The results of this study could
be used by clinicians to prescribe safer and more effective treatments for gastrointestinal ail-
ments in elderly patients with a history of long-term PPI usage, especially women aged 65 and
older who are at high risk of fractures.
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Materials and methods
Data source and ethical considerations

Data from the period January 2007 to December 2017 from the Korean National Health Insur-
ance Sharing Service (NIHSS) database were used. The Korean NIHSS system includes the
entire national population (~50 million people), and the database was established for claim
reimbursements. Data on subject characteristics, clinical information, socioeconomic level of
the beneficiary, and death records were included in the database. Clinical information includ-
ing disease diagnosis codes based on the International Codes of Disease 10th Edition (ICD-10)
Clinical Modification, treatments based on drug prescriptions, and health care costs were
recorded.

Patients were not directly involved in the research, and only the secondary electronic data-
base was used for the analysis. Informed consent was not required as the database maintained
de-identification and anonymity of sampled individuals. This study was approved by the Cha
University Institutional Review Board (protocol ID: 1044308-201703-HR021-01).

Study design and selection of cases and controls

A nested case-control design was applied to this study. The study population included elderly
women aged >65 years with claims for peptic ulcer or GERD (ICD 10 code: K21, K25-28)
from January 2010 to June 2017. We excluded patients who had a claim for any cancer (ICD
10 code: C) or Paget’s disease (ICD 10 code: M88) during the study period (from 2007 to
2017).

The study subjects were grouped into cases and controls. Those who had sustained at least
one osteoporotic fracture were classified as cases.

An osteoporotic fracture was defined as a diagnosis of osteoporosis (ICD10 code: M81,
MS82) before the fracture or within three months of the fracture (wrist [ICD10 code: S422,
S423, S525, S526], spine [ICD10 code: 10 code: M484, M485, S220, S221], hip [ICD10 code:
§720, S721, S722]) or osteoporosis with a current pathological fracture (ICD10 code: M80).
For controls who had no history of osteoporotic fracture, each control was assigned the same
event date as the fracture event date of the corresponding matched case according to the index
date (date of the first diagnosis of gastrointestinal disorders) and age at the event date. The
observation period was set for three years prior to the event date. Patients who sustained any
fracture including an osteoporotic fracture during the observation period were excluded from
participating as a case or a preliminary control subject. After excluding patients with a fracture
history, the final controls were selected through 1:2 matching of cases to controls on the basis
of the presence of osteoporosis (ICD10 code: M80, 81, 82) and the Charlson comorbidity
index (CCI) during the period 1 year prior to the event date.

Exposure assessment

A PPI user was defined as a patient who received at least one PPI prescription during the
observation period. PPIs considered in this study were those containing any of the seven ingre-
dients (omeprazole, lansoprazole, dexlansoprazole, esomeprazole, pantoprazole, rabeprazole,
ilaprazole) listed in the Korean National Health Insurance Formulary.

In order to compare the fracture OR for the PPI users according to the duration of exposure
to PPI, we defined the duration of exposure to PPI as the total number of PPI prescription
days during the 3-year observation period and divided it into five quintiles: less than 1 month
(< 30 days), 1-3 months (30-89 days), 3-6 months (90-179 days), 6-12 months (180-364
days), and 1 year or more (> 365 days). Since fractures that occurred more than 1 year after
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the last exposure to PPI can hardly be associated with the exposure to PP, a sub-analysis was
carried out on the patients who had sustained fractures within 12 months from the last day of
PPI medication use after excluding the patients who had not used PPIs for 1 year or more
prior to the fracture.

Statistical analysis

As for the characteristics of the cases and controls, categorical variables were presented as fre-
quency and percentage and continuous variables (age, CCI) as mean and standard deviation
(SD). In order to determine whether the characteristics of the cases and controls were signifi-
cantly different, statistical analysis was performed using a student’s t-test or chi-squared test,
as appropriate.

For each patient, comorbidities that are known risk factors for fracture were evaluated
based on the ICD-10 codes indicated in any claim made within 12 months of the event date.
The evaluated diseases were: rheumatoid arthritis (M05, M06, M45), hyperthyroidism (E05),
chronic kidney disease (N18), chronic obstructive pulmonary disease (J44, J45), hypopituita-
rism (E23.0), hyperparathyroidism (E21), Cushing’s syndrome (E24), vitamin D deficiency
(E55.9), idiopathic hypercalciuria (E83.5), diabetes (E11-E14), hypertension (110-113, I15),
chronic liver disease (K72.1, K73, K74), systemic lupus erythematosus (M32), inflammatory
bowel disease (K50, K51), and osteoporosis (M80, M81). Concomitant medications included
in the prescriptions issued 1 year before the event date were evaluated. The evaluated medica-
tions, as the risk factors for fracture were as follows: antiplatelets, non-steroidal anti-inflamma-
tory drugs, glucocorticoids, anticonvulsants, anticoagulants, selective serotonin reuptake
inhibitors, benzodiazepines, and tricyclic antidepressants. Bisphosphonate (BP), hormone
replacement therapy, and other anti-osteoporotic medications were considered preventive fac-
tors of fractures. As patient lifestyle variables, we evaluated alcohol use, smoking, physical
exercise, and body mass index (BMI) using the health checkup data issued closest to the event
date. The influence of the interaction between BP and PPIs on fracture risk was evaluated by
analyzing the OR for fracture according to the use of BP. To this end, we defined a case with at
least one prescription of BP during the observation period as a BP-user and a case with no his-
tory of prescription as a BP non-user.

Conditional logistic regression was performed to determine the association between PPI
use and fracture risk. Results were presented as an aOR and 95% confidence interval (CI). The
interaction between PPIs and BP was determined by calculating the aOR after dividing the
dataset into BP user and non-user groups. All data were analyzed statistically using SAS ver-
sion 9.3 (SAS Institute Inc., Cary, NC, USA), and statistical significance was set at p < 0.05 for
a two-sided test.

Results

A total of 151,155 women aged 65 years and over were diagnosed with peptic ulcer disease
(PUD) or GERD between January 2010 and June 2017. Of them, 21,754 patients were selected
as cases of osteoporotic fracture and 43,508 patients as controls with no history of fracture
after the preliminary matching based on age and final date and the final matching based on the
diagnosis of osteoporosis and CCI score (Fig 1).

Cases and controls were well-matched in terms of mean age (74 years), CCI score (1.83-
1.85), and diagnosis of osteoporosis (32-34%). The controls showed a higher proportion in the
Ist-3rd income quintiles, and the cases in the 4th and 5th income quintiles. A higher propor-
tion of the cases lived in urban areas, and a higher proportion of the controls lived in metro-
politan areas. The cases had higher comorbidity rates than the controls with regard to the
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Women over 65 years diagnosed with PUD or GERD in
January 2010 — June 2017 (n=151,155)

Exclusion: patients with cancer/Paget's/HIV
in 2010-2017 (n=32,681)

\ 4 Y

Patients with osteoporotic Patients without osteoporotic
fracture fracture
(n=32,681) (n=91,647)

Exclusion: patients with any fracture

during observation period

v v

Patients with first 1:2 matching vith | Ca@se-matched patients without
osteoporotic fracture osteoporosis/CCl osteoporotic fracture
(n=21,754) (n=43,508)

Fig 1. Flowchart of case and control selection. PUD: Peptic ulcer disease, GERD: gastroesophageal reflux disease, HIV: human
immunodeficiency virus; CCI, Charlson comorbidity index.

https://doi.org/10.1371/journal.pone.0235163.g001

diseases considered to be risk factors for fracture. The proportion of patients with concomitant
medications known to increase fracture risk was also higher in the cases, as was the proportion
of patients receiving anti-osteoporotic treatments other than hormone replacement therapy
(Table 1).

The overall crude OR for fractures according to PPI use was 1.39 (95% CI: 1.35-1.44),
which indicated a statistically significant association between PPI use and fracture risk. Even
after adjusting for comorbidities and concomitant medications, and the aOR stood at 1.15
(95% CI: 1.11-1.20), demonstrating that the association remained statistically significant
(Table 2).

Analysis performed separately on the BP user and non-user groups revealed the OR for
fracture among BP users to be higher than that among non-users [aOR: 1.15 (95% CI: 1.08-
1.92), vs. 1.11, (1.03-1.20)], demonstrating a statistically significant interaction between PPIs
and BP (p<0.01). In both BP user and non-user groups, the OR for fracture increased as the
duration of PPI use increased, showing that there is a positive dose-response relationship
between PPI use and risk of osteoporotic fracture.

The sub-group analysis performed on the patients exposed to PPI within 12 months prior
to fracture showed a higher OR compared with the base analysis (aOR 1.19 vs. 1.15), whereby
all ORs increased regardless of the duration of exposure or BP use (Table 3).

Discussion

In this nested case-control study, we investigated the association between the use of PPIs and
the risk of osteoporotic fracture in elderly women (>65 years) at high risk of osteoporotic
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Table 1. Demographic and clinical information for cases and controls.

Cases Controls p-value
(n=21,754) (n = 43,508)
n % N | %

Age, years Mean (SD) 74.21 (6.23) 73.93 (6.88) Matched
Median 73 73

Income level 1st quintile 2,883 13.25 6,753 15.52 <0.001
2nd quintile 1,900 8.73 4,249 9.77
3rd quintile 2,504 11.51 5,323 12.23
4th quintile 3,835 17.63 7,230 16.62
5th quintile 7,744 35.60 12,103 27.82
unknown 2,888 13.28 7,854 18.05

Residence* area Metropolitan 3,455 15.88 8,030 18.46 <0.001
Cities 4,707 21.64 9,213 21.18
Rural areas 13,592 62.48 26,269 60.38

CCr Mean (SD) 1.85(1.94) 1.83 (1.83) Matched
0-2 14,917 68.57 30,639 70.42
>3 6,837 31.43 12,873 29.59

Comorbidity** Rheumatism 2,135 9.81 2,232 5.13 <0.001
Hyperthyroidism 506 2.33 822 1.89 0.0002
Chronic kidney disease 401 1.84 632 1.45 0.0002
COPD 5,212 23.96 7,958 18.29 <0.001
Hypopituitarism 23 0.11 28 0.06 0.0745
Hyperparathyroidism 68 0.31 85 0.20 0.0035
Cushing’s syndrome 74 0.34 42 0.10 <0.001
Vitamin D deficiency 488 2.24 536 1.23 <0.001
Idiopathic hypercalciuria 624 2.87 655 1.51 <0.001
Diabetes 7,659 35.21 13,182 30.30 <0.001
Hypertension 14,795 68.01 26,500 60.91 <0.001
Chronic hepatic disease 729 3.35 1,240 2.85 0.0004
SLE 26 0.12 37 0.09 0.1811
IBD 59 0.27 73 0.17 0.0056
Osteoporosis 14,381 33.89 13,772 31.65 Matched

Medication** Antiplatelet 8,148 37.46 14,139 32.50 <0.001
NSAID 20,164 92.69 32,571 74.86 <0.001
Glucocorticoid 10,593 48.69 16,362 37.61 <0.001
Anticonvulsant 3,271 15.04 3,998 9.19 <0.001
Anticoagulant 1,681 7.73 1,999 4.59 <0.001
SSRI 1,562 7.18 1,832 4.21 <0.001
Benzodiazepine 13,590 62.47 20,371 46.82 <0.001
Tricyclic antidepressant 2,404 11.05 2,970 6.83 <0.001
Bisphosphonate 10,493 48.23 7,008 16.11 <0.001
HRT 239 1.10 673 1.55 <0.001
Other osteoporosis therapy 1,524 7.01 956 2.20 <0.001

Smoking*** Yes 355 1.63 830 1.91 <0.001
No 15,704 72.19 29,721 68.31
Unknown 5,695 26.18 12,961 29.79

Alcohol*** Over allowance 62 0.29 125 0.29 0.8445
Under allowance 5,357 24.63 10,805 24.83

(Continued)
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Table 1. (Continued)

Cases Controls p-value
(n = 21,754) (n = 43,508)
n % N %

Unknown 16,335 75.09 32,582 74.89
Exercise™** Yes 2,942 13.52 6,137 14.11 <0.001

No 5,906 27.15 9,806 22.54

Unknown 12,904 59.32 27,569 63.37
BMI%*** Mean (SD) 23.86 (3.38) 24.29 (3.41) <0.001

SD: standard deviation, BMI: body mass index, CCI: Charlson’s Comorbidity Index, COPD: chronic obstructive pulmonary disease, SLE: systemic lupus erythematosus,
IBD: inflammatory bowel disease, SSRI: selective serotonin reuptake inhibitors, NSAID: nonsteroidal anti-inflammatory drug: HRT, hormone replacement therapy.
* Definitions of residential areas: Metropolitan: A local government with boroughs; Cities: A local government with a population of 50,000 or more without a borough;

Rural area: A local government with a population less than 50,000

“*During 1-year before event date

***Date closest to event date.

https://doi.org/10.1371/journal.pone.0235163.t001

fracture. While 57.7% of cases used PPIs, 49.8% in the control group used PPIs, showing a sta-
tistically significant association between PPI use and fracture risk (aOR: 1.15, 95% CI: 1.11-
1.20). The correlation analysis between fracture risk and the duration of PPI exposure showed

Table 2. Osteoporotic fracture risk related to proton pump inhibitor use according to the duration of exposure stratified by the use of bisphosphonate.

Proton pump inhibitor use Cases (n = 21,754) Control (n =43,508) | Crude* odds ratio Adjusted”* odds ratio
n % n %
All Unexposed 9,201 42.3 21,858 50.2 | Reference
Exposed 12,553 57.7 21,650 49.8 1.39 (1.35, 1.44) 1.15(1.11, 1.20)
<30 days 5,012 23.0 10,196 234 1.18 (1.13,1.23) 1.03 (0.98, 1.08)
<30 days, <90 days 3,282 15.1 5,712 13.1 1.39 (1.32, 1.46) 1.12 (1.06, 1.19)
<90 days, <180 days 1,554 7.1 2,417 5.6 1.57 (1.46, 1.68) 1.23 (1.14, 1.34)
<180 days, <365 days 1,237 5.7 1,717 39 1.76 (1.63, 1.90) 1.35(1.23, 1.49)
<365 days 1,468 6.7 1,608 3.7 2.24 (2.08, 2.42) 1.72 (1.57, 1.89)
BP non-users Unexposed 5,075 40.0 5,515 43.7 | Reference
Exposed 7,597 60.0 7,093 56.3 1.22(1.14, 1.30) 1.11 (1.03, 1.20)
<30 days 2,916 23.0 3,008 239 1.07 (0.98, 1.16) 1.01 (0.92, 1.11)
<30 days, <90 days 1,976 15.6 1,955 15. 1.18 (1.07, 1.30) 1.06 (0.95, 1.18)
<90 days, <180 days 973 7.7 904 7.2 1.19 (1.05, 1.36) 1.05(0.91, 1.21)
<180 days, <365 days 799 6.3 623 4.9 1.54 (1.34, 1.78) 1.36 (1.16, 1.60)
<365 days 933 7.4 603 4.8 1.86 (1.61, 2.14) 1.64 (1.40, 1.92)
BP Users Unexposed 4,126 45.4 16,343 52.9 | Reference
Exposed 4,956 54.6 14,557 47.1 1.36 (1.29, 1.44) 1.15(1.08, 1.22)
<30 days 2,096 23.1 7,188 233 1.14 (1.06, 1.22) 0.99 (0.92, 1.07)
<30 days, <90 days 1,306 14.4 3,757 12.2 1.49 (1.36, 1.62) 1.22(1.10, 1.34)
<90 days, <180 days 581 6.4 1,513 4.9 1.52 (1.35,1.72) 1.27 (1.11, 1.46)
<180 days, <365 days 438 4.8 1,094 35 1.68 (1.46, 1.93) 1.33(1.13, 1.55)
<365 days 535 5.9 1,005 3.3 2.12 (1.85, 2.43) 1.79 (1.53, 2.09)

BP: bisphosphonate.

* Calculated by conditional logistic regression.

** Calculated by conditional regression adjusted for Charlson’s comorbidity index, comorbidity, and medication.

https://doi.org/10.1371/journal.pone.0235163.t002
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Table 3. Osteoporotic fracture risk among patients exposed to proton pump inhibitor within 1 year prior to fracture date.

Proton pump inhibitor use Cases (n =17,902) Control (n = 35,665) | Crude® odds ratio Adjusted™* odds ratio

n % n %
All Unexposed 9,201 51.4 21,858 61.3 | Reference
Exposed 8,701 48.6 13,807 38.7 1.54 (1.48, 1.60) 1.19 (1.13, 1.24)
<30 days 2,840 15.9 5,486 15.4 1.26 (1.19, 1.33) 1.02 (0.96, 1.09)
<30 days, <90 days 2,187 12.2 3,622 10.2 1.49 (1.40, 1.59) 1.11 (1.03, 1.20)
<90 days, <180 days 1,212 6.8 1,768 5.0 1.73 (1.59, 1.88) 1.30 (1.17, 1.44)
<180 days, <365 days 1,067 6.0 1,416 4.0 1.84 (1.68,2.01) 1.36 (1.22, 1.52)
<365 days 1,395 7.8 1,515 4.2 2.24 (2.06, 2.44) 1.71 (1.55, 1.89)
BP non-users Unexposed 5,075 48.8 5,515 53.9 | Reference
Exposed 5,319 51.2 4,710 46.1 1.31(1.21,1.42) 1.13 (1.03, 1.23)
<30 days 1,649 15.9 1,651 16.1 1.11 (0.99, 1.24) 0.99 (0.87,1.12)
<30 days, <90 days 1,333 12.8 1,273 12.4 1.19 (1.05, 1.35) 1.00 (0.87, 1.15)
<90 days, <180 days 766 7.4 702 6.9 1.35(1.15, 1.57) 1.15(0.96, 1.37)
<180 days, <365 days 682 6.6 514 5.0 1.65 (1.39, 1.95) 1.39 (1.15, 1.68)
<365 days 889 8.6 570 5.6 1.84 (1.57, 2.15) 1.60 (1.34, 1.92)
BP users Unexposed 4,126 55.0 16,343 64.2 | Reference
Exposed 3,382 45.0 9,097 35.8 1.50 (1.40, 1.60) 1.21 (1.12, 1.30)
<30 days 1,191 15.9 3,835 15.1 1.21(1.11,1.33) 1.03 (0.93, 1.14)
<30 days, <90 days 854 11.4 2,349 9.2 1.64 (1.47, 1.83) 1.27 (1.12, 1.44)
<90 days, <180 days 446 5.9 1,044 4.1 1.67 (1.43,1.95) 1.31 (1.10, 1.56)
<180 days, <365 days 385 5.1 902 3.5 1.67 (1.42,1.97) 1.25 (1.04, 1.50)
<365 days 506 6.7 945 3.7 2.14 (1.84,2.49) 1.73 (1.46, 2.06)

BP: bisphosphonate.
* Calculated by conditional logistic regression.

** Calculated by conditional regression adjusted for Charlson’s comorbidity index, comorbidity, and medication.

https://doi.org/10.1371/journal.pone.0235163.t003

that the risk of osteoporotic fracture increased with an increase in the duration of PPI expo-
sure. This tendency was pronounced in the BP user group (aOR: 1.15, 95% CI: 1.08-1.22),
which had a higher OR than the BP non-user group (aOR: 1.11, 95% CI: 1.03-.20); thus, verify-
ing the interaction between PPIs and BP and the influence on fracture risk.

The finding of this study that PPI use increases the risk of fracture is consistent with that of
recent meta-analyses performed by Eom et al. based on the papers published up to 2010. They
reported the OR for fracture associated with PPI use to be 1.29 (95% CI: 1.18-1.41) [17].
Another meta-analysis performed on observational studies published up until February 2015
reported a moderate association between femoral and vertebral fractures and PPI use (relative
risk of femoral fracture: 1.26; 95% CI: 1.16-1.36, relative risk of vertebral fracture: 1.58; 95%
CI: 1.3-1.82) [18]. The most recent systematic review and meta-analysis of the studies pub-
lished up until February 2018 also reported an increased risk of fracture associated with PPI
use (effect size: 1.28; 95% CI: 1.22-1.35). However, with regard to the association between the
duration of PPI use and increased fracture risk, researchers have reported differing results.
Whilst the meta-analysis conducted by Eom and Zhou reported that PPI use for more than 1
year and less than 1 year showed similar risk levels, Nassar and Richter [19] noted that fracture
risk did increase with an increase in the duration of PPI use. Such discrepancies may be ascrib-
able to the limitation associated with calculating the accurate number of days of drug exposure
due to different calculation methods inherent in observational studies. We must also consider
that PPIs are not taken continuously or taken for a long time, but are administered when
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needed to patients with PUD or GERD, which are major indications for PPIs, for a finite
period of time and then discontinued. If only the first exposed event from the index date is
considered, or if the length of the observation period varies for each subject, the cumulative
impact of PPI may be underestimated. In this study, the number of days of drug exposure was
calculated by summing the PPI prescription days during the observation period (3 years prior
to the fracture event date), regardless of whether PPI use was continuous. Assuming that
increase in the risk of fractures with PPI is related to bone metabolism [20-22], recovery of the
weakened bones is difficult; further, discontinuation of PPI does not immediately increase
bone strength. Thus, it is reasonable to evaluate the fracture risk by calculating the cumulative
exposure period of PPI by summing the cumulative PPI prescription days during the constant
pre-defined observation period, and the positive dose response relationship shown in this
study supports the causality between PPI use and fracture risk.

When comparing the results of this study with those of the study conducted by Lee et al.
using the Korean National Health Insurance claim database, both showed that the use of PPIs
increased the risk of fracture, but the aOR of this study was much lower (1.34 vs. 1.15) [16].
This may be explained by the fact that the mean age of the subjects in the study conducted by
Lee et al. was higher than that in this study (77 vs. 74 years) and the overall study period was
shorter (1.5 vs. 3 years). In other words, the association between PPI use and fracture incidence
may have been overestimated because the period between the exposure and the incidence of
fracture was relatively short and the corresponding patients were elderly. The analysis data
used in Lee et al.’s study covers the years 2005 and 2006. It should be kept in mind that PPI use
increased rapidly with the expansion of its coverage by insurance in 2008 [3], and therefore,
the pattern of PPI use might have been different compared to PPI use patterns after 2010,
which was the study period of our study. Furthermore, unlike this study, which only included
PUD and GERD patients in its analysis, Lee et al.’s study did not set such inclusion criteria,
and the clinical characteristics of the PPI user and non-user groups may have influenced the
fracture incidence. Considering that PPI mediates risk factors, thus increasing fracture risk,
the PPI prescription practice and the characteristics of PPI users can influence the study out-
come. For instance, when rigorous insurance coverage criteria were applied to PPIs, PPIs were
most likely administered to patients with severe gastrointestinal disorders who might have
ingested a different quality of meals compared to patients without gastrointestinal disorders,
and factors such as gastrointestinal malabsorption might have influenced their fracture risk.
Therefore, this study was designed as a cohort study composed of gastrointestinal patients in
order to minimize the effects of fracture on the patients’ gastrointestinal disorders.

Although the mechanism by which PPIs increase fracture risk is yet to be determined,
researchers have suggested that the increase in gastric acidity caused by PPI intake may
adversely affect calcium absorption [20] and that the suppression of vacuolar H_ATPase in
bone inhibits bone resorption, thus increasing fracture risk [21, 22]. However, the association
between PPI use and decrease in bone density has yet to be property elucidated [23, 24]. There
may be other viable mechanisms behind the PPI-induced fracture risk other than impaired
bone structure. Despite research findings that PPI use is associated with hyperparathyroidism
and hypocalcemia, it is still unclear whether PPI use induces hypocalcemia and secondary
hyperparathyroidism or whether gastrointestinal disorders caused by hyperparathyroidism or
hypocalcemia increase PPI use [25].

BP is a drug used for the treatment of osteoporosis, and it works by increasing bone density
by suppressing osteoclasts [26]. PPIs are used widely to prevent or treat upper gastrointestinal
disorders, one of the major side effects of BP [13]. BP adherence has also been reported as an
interactive mechanism for increasing the PPI-induced fracture risk in BP users. BP users are
likely to sustain gastrointestinal disorders as a side effect of BP, which may result in a low BP
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adherence and thus decrease the anti-fracture effect of BP [13]. However, the study conducted
by Lee et al. that demonstrated the interaction between BP and PPIs, no difference in BP
adherence was observed in the PPI exposure and non-exposure groups among the BP users
[16]. Both BP and PPIs suppress osteoclasts, and their interactive mechanism is explained by
chronically impaired bone remodeling, which makes bone prone to fracture, while maintain-
ing bone density. The usual dose of PPIs for treating gastrointestinal disorders is known to be
too low to reach a blood concentration high enough to affect osteoclasts, which makes it
implausible to explain the mechanism with PPIs alone. However, the pharmacological interac-
tions of BP and PPIs administered together at their respective usual clinical doses have yet to
be clarified through further research.

Unlike other studies conducted in Korea, this study used data generated after the rapid
increase in the use of PPIs, and thus the derived analysis results reflect the characteristics of
current PPI users. Another advantage of this study was its observation period of 3 years, which
is neither too long to prevent the dilution of the association between PPI use and fracture risk
nor too short to observe the effects of long-term PPI use.

This study had some limitations. Given the nature of health insurance claim data, there are
no detailed descriptions of the patients’ clinical features, so our analysis was based only on the
patient information obtained from the disease codes required for insurance claims. Although
some clinical parameters, such as BMD, are closely related to the risk of fracture [27], the data-
base used in this study could not provide this information and thus did not reflect it. Since
osteoporosis, which had a significant effect on fractures in this study, is a disease with few
external symptoms, it is likely that a large number of patients without a diagnosis of osteoporo-
sis were included in the study population. In fact, cases included in this study were defined as
patients with osteoporotic fractures; however, approximately 34% of these cases had been diag-
nosed with osteoporosis before the fracture occurred, and 67% were diagnosed with osteopo-
rosis based on active diagnostic tests following the fracture. Thus, we can assume that the
control group may have included undiagnosed osteoporosis patients. Since PPI use is known
to increase the risk of fractures, the diagnosis of osteoporosis is a factor that may affect PPI pre-
scription. In other words, the prescription of PPIs for the treatment of gastrointestinal diseases
may be avoided in patients diagnosed with osteoporosis. Therefore, in this study, the diagnosis
of osteoporosis before the event date is considered a factor that may influence the drug selec-
tion of patients. We tried to minimize the effects of misclassification related to osteoporosis by
using the diagnosis of osteoporosis before the event date as a matching variable.

Although life style variables, such as smoking, alcohol, physical activity, and body weight
are important factors affecting BMD [27], this study did not use them as covariates. As the life-
style information presented in Table 1 was obtained from the national health examination
database, the time of measurement could not be specified, and the “unknown” ratio was more
than half. Hence, it seemed inaccurate to include these parameters as covariates. Smoking or
obesity are risk factors for fractures as well as gastric ulcers or GERD [28]. Smokers and obese
people are more likely to use PPI to treat gastrointestinal problems, and the case group might
have had a higher proportion of smokers and obese people and PPI users. However, this study
performed in the nested cohort included patients with peptic ulcer or GERD. As all subjects
had gastrointestinal problems, we minimized the impact of the mechanism described above as
a confounding factor in the findings.

Furthermore, we could not account for factors such as the use of calcium supplements due
to a lack of available information on dietary supplements or over-the-counter drugs. More-
over, due to the nature of a case-control study, it was impossible to demonstrate a direct causal
relationship between PPI use and fracture risk and the underlying mechanisms. In the use of
PPIs and BP, the temporal and sequential relationships could not be reflected in the analysis
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given that there were many limitations in inferring the mechanisms by which their interactions
affect fracture incidence. Therefore, care should be taken in interpreting the results of this
study.

Nevertheless, this study has some strengths. We considered issues related to time in case-
control matching to minimize the time-related bias (time-window bias) that is likely to occur
in case-control studies [29]. The same event date was assigned to the case and matched con-
trols, and the same observation period of 3 years was applied from the event date for both
groups. Thus, this study design eliminated the tendency of over-representation of unexposed
cases, which could be caused by differences in the length of observation period between case
and control.

In conclusion, the results of this study showed that care should be taken when administer-
ing PPIs to elderly women at high risk of fracture, especially in cases of long-term medication
use. Particular caution is warranted when prescribing BP for patients who are also using PPIs.

Acknowledgments

This study analyzed NIHSS data (NHIS-2018-1-391) provided by the Korean National Health
Insurance Service (NHIS). The authors declare no potential conflicts of interest with NHIS
with respect to the authorship and/or publication of this article.

Author Contributions

Conceptualization: Jong Joo Kim, Eun Jin Jang, Jiwon Park, Hyun Soon Sohn.
Data curation: Jong Joo Kim, Eun Jin Jang, Jiwon Park.

Formal analysis: Eun Jin Jang, Jiwon Park.

Funding acquisition: Hyun Soon Sohn.

Investigation: Jong Joo Kim, Eun Jin Jang, Hyun Soon Sohn.
Methodology: Jong Joo Kim, Eun Jin Jang, Jiwon Park, Hyun Soon Sohn.
Project administration: Jong Joo Kim.

Resources: Jong Joo Kim, Eun Jin Jang, Hyun Soon Sohn.

Software: Eun Jin Jang, Jiwon Park.

Supervision: Hyun Soon Sohn.

Validation: Jong Joo Kim, Eun Jin Jang, Jiwon Park, Hyun Soon Sohn.
Visualization: Jong Joo Kim.

Writing - original draft: Jong Joo Kim, Eun Jin Jang, Jiwon Park.

Writing - review & editing: Jong Joo Kim, Eun Jin Jang, Jiwon Park, Hyun Soon Sohn.

References

1. van Pinxteren B, Sigterman KE, Bonis P, Lau J, Numans ME. Short-term treatment with proton pump
inhibitors, H2-receptor antagonists and prokinetics for gastro-oesophageal reflux disease-like symp-
toms and endoscopy negative reflux disease. Cochrane Database Syst Rev. 2010; 11: CD002095.
https://doi.org/10.1002/14651858.CD002095

2. Malfertheiner P, Kandulski A, Venerito M. Proton—pump inhibitors: understanding the complications and
risks. Nat Rev Gastroenterol Hepatol. 2017; 14: 697—710. https://doi.org/10.1038/nrgastro.2017.117
PMID: 28930292

PLOS ONE | https://doi.org/10.1371/journal.pone.0235163  July 30, 2020 11/13


https://doi.org/10.1002/14651858.CD002095
https://doi.org/10.1038/nrgastro.2017.117
http://www.ncbi.nlm.nih.gov/pubmed/28930292
https://doi.org/10.1371/journal.pone.0235163

PLOS ONE

PPI use and risk of fracture

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Kim JJ, Jang EJ, Kim DH, Park H, Sohn HS. Proton pump inhibitors’ use in Korea based on the National
Health Insurance Sample Cohort Database (2002—2013). Yakhak Hoeji. 2018; 62: 171-178.

Health Insurance Review and Assessment Service [Internet]. Healthcare Bigdata Hub. Statistics [cited
2018, Jan 16]. Available from: http://opendata.hira.or.kr/op/opc/olapMsuplnfo.do.

Bhatt DL, Scheiman J, Abraham NS, Antman EM, Chan FK, Furberg CD, et al. ACCF/ACG/AHA 2008
expert consensus document on reducing the gastrointestinal risks of antiplatelet therapy and NSAID
use: a report of the American College of Cardiology Foundation Task Force on Clinical Expert Consen-
sus Documents. Circulation. 2008; 118: 1894—1909. https://doi.org/10.1161/CIRCULATIONAHA.108.
191087 PMID: 18836135

Itoh S, Sekino Y, Shinomiya K, Takeda S. The effects of risedronate administered in combination with a
proton pump inhibitor for the treatment of osteoporosis. J Bone Miner Metab. 2013; 31: 206—-211.
https://doi.org/10.1007/s00774-012-0406-9 PMID: 23138352

Ettinger B, Pressman A, Schein J, Chan J, Silver P, Connolly N. Alendronate use among 812 women:
prevalence of gastrointestinal complaints, on compliance with patient instructions, and discontinuation.
J Manag Care Pharm. 1998; 4: 488—492.

Aggart HT, Bolognese MA, Lindsay R, Ettinger MP, Mulder HF, Josse RG, et al. Upper gastrointestinal
tract safety of risedronate: a pooled analysis of 9 clinical trials. Mayo Clin Proc. 2002; 77: 262-270.
https://doi.org/10.4065/77.3.262 PMID: 11888030

Biswas PN, Wilton LV, Shakir SA. Pharmacovigilance study of alendronate in England. Osteoporos Int.
2003; 14: 507-514. https://doi.org/10.1007/s00198-003-1399-y PMID: 12730757

de Vries F, Cooper AL, Cockle SM, van Staa TP, Cooper C. Fracture risk in patients receiving acid-sup-
pressant medication alone and in combination with bisphosphonates. Osteoporos Int. 2009; 20: 1989—
1998. https://doi.org/10.1007/s00198-009-0891-4 PMID: 19333676

Roughead EE, McGeechan K, Sayer GP. Bisphosphonate use and subsequent prescription of acid
suppressants. Br J Clin Pharmacol. 2004; 57: 813-816. https://doi.org/10.1111/j.1365-2125.2004.
02078.x PMID: 15151528

Prieto-Alhambra D, Pagés-Castella A, Wallace G, Javaid MK, Judge A, Nogués X, et al. Predictors of
fracture while on treatment with oral bisphosphonates: a population-based cohort study. J Bone Miner
Res. 2014; 29: 268-274. https://doi.org/10.1002/jbmr.2011 PMID: 23761350

Abrahamsen B, Eiken P, Eastell R. Proton pump inhibitor use and the antifracture efficacy of alendro-
nate. Arch Intern Med. 2011; 171: 998—1004. https://doi.org/10.1001/archinternmed.2011.20 PMID:
21321287

Kwok CS, Yeong JK, Loke YK. Meta-analysis: Risk of fractures with acid-suppressing medication.
Bone. 2011; 48: 768—-776. https://doi.org/10.1016/j.bone.2010.12.015 PMID: 21185417

Yang SD, Chen Q, Wei HK, Zhang F, Yang DL, Shen Y, et al. Bone fracture and the interaction between
bisphosphonates and proton pump inhibitors: a meta-analysis. Int J Clin Exp Med. 2015; 8: 4899—-4910.
PMID: 26131063

Lee J, Youn KE, Choi NK, Lee JH, Kang DY, Song HJ, et al. A population-based case-control study:
proton pump inhibition and risk of hip fracture by use of bisphosphonate. J Gastroenterol. 2013; 48:
1016-1022. https://doi.org/10.1007/s00535-012-0722-9 PMID: 23307040

Eom CS, Park SM, Myung SK, Yun JM. Use of acid-suppressive drugs and risk of fracture: a meta-anal-
ysis of observational studies. Ann Fam Med. 2011; 9: 257—-267. https://doi.org/10.1370/afm.1243
PMID: 21555754

Zhou B, Huang Y, Li H, Sun W, Liu J. Proton-pump inhibitors and risk of fractures: an update meta-anal-
ysis. Osteoporos Int. 2016; 27: 339-347. hitps://doi.org/10.1007/s00198-015-3365-x PMID: 26462494

Nassar Y, Richter S. Proton-pump inhibitor use and fracture risk: an updated systematic review and
meta-analysis. J Bone Metab. 2018; 25: 141-151. https://doi.org/10.11005/jom.2018.25.3.141 PMID:
30237993

Yang YX, Lewis JD, Epstein S, Metz DC. Long-term proton pump inhibitor therapy and risk of hip frac-
ture. JAMA. 2006; 296: 2947-2953. https://doi.org/10.1001/jama.296.24.2947 PMID: 17190895

Tuukkanen J, Vaananen HK. Omeprazole, a specific inhibitor of H+-K+-ATPase, inhibits bone resorp-
tion in vitro. Calcif Tissue Int. 1986; 38: 123—125. https://doi.org/10.1007/BF02556841 PMID: 3006888

Rzeszutek K, Sarraf F, Davies JE. Proton pump inhibitors control osteoclastic resorption of calcium
phosphate implants and stimulate increased local reparative bone growth. J Craniofac Surg. 2003; 14:
301-307. https://doi.org/10.1097/00001665-200305000-00007 PMID: 12826800

Targownik LE, Lix LM, Leung S, Leslie WD. Proton pump inhibitor use is not associated with osteoporo-
sis or accelerated bone mineral density loss. Gastroenterology. 2010; 138: 896—904. https://doi.org/10.
1053/j.gastro.2009.11.014 PMID: 19931262

PLOS ONE | https://doi.org/10.1371/journal.pone.0235163  July 30, 2020 12/13


http://opendata.hira.or.kr/op/opc/olapMsupInfo.do
https://doi.org/10.1161/CIRCULATIONAHA.108.191087
https://doi.org/10.1161/CIRCULATIONAHA.108.191087
http://www.ncbi.nlm.nih.gov/pubmed/18836135
https://doi.org/10.1007/s00774-012-0406-9
http://www.ncbi.nlm.nih.gov/pubmed/23138352
https://doi.org/10.4065/77.3.262
http://www.ncbi.nlm.nih.gov/pubmed/11888030
https://doi.org/10.1007/s00198-003-1399-y
http://www.ncbi.nlm.nih.gov/pubmed/12730757
https://doi.org/10.1007/s00198-009-0891-4
http://www.ncbi.nlm.nih.gov/pubmed/19333676
https://doi.org/10.1111/j.1365-2125.2004.02078.x
https://doi.org/10.1111/j.1365-2125.2004.02078.x
http://www.ncbi.nlm.nih.gov/pubmed/15151528
https://doi.org/10.1002/jbmr.2011
http://www.ncbi.nlm.nih.gov/pubmed/23761350
https://doi.org/10.1001/archinternmed.2011.20
http://www.ncbi.nlm.nih.gov/pubmed/21321287
https://doi.org/10.1016/j.bone.2010.12.015
http://www.ncbi.nlm.nih.gov/pubmed/21185417
http://www.ncbi.nlm.nih.gov/pubmed/26131063
https://doi.org/10.1007/s00535-012-0722-9
http://www.ncbi.nlm.nih.gov/pubmed/23307040
https://doi.org/10.1370/afm.1243
http://www.ncbi.nlm.nih.gov/pubmed/21555754
https://doi.org/10.1007/s00198-015-3365-x
http://www.ncbi.nlm.nih.gov/pubmed/26462494
https://doi.org/10.11005/jbm.2018.25.3.141
http://www.ncbi.nlm.nih.gov/pubmed/30237993
https://doi.org/10.1001/jama.296.24.2947
http://www.ncbi.nlm.nih.gov/pubmed/17190895
https://doi.org/10.1007/BF02556841
http://www.ncbi.nlm.nih.gov/pubmed/3006888
https://doi.org/10.1097/00001665-200305000-00007
http://www.ncbi.nlm.nih.gov/pubmed/12826800
https://doi.org/10.1053/j.gastro.2009.11.014
https://doi.org/10.1053/j.gastro.2009.11.014
http://www.ncbi.nlm.nih.gov/pubmed/19931262
https://doi.org/10.1371/journal.pone.0235163

PLOS ONE

PPI use and risk of fracture

24,

25.

26.

27.
28.

29.

Gray SL, LaCroix AZ, Larson J, Robbins J, Cauley J, Manson JE, et al. Proton pump inhibitor use, hip
fracture, and change in bone mineral density in postmenopausal women. Arch Intern Med. 2010; 170:
765—771. https://doi.org/10.1001/archinternmed.2010.94 PMID: 20458083

Hinson AM, Wilkerson BM, Rothman-Fitts |, Riggs AT, Stack BC Jr, Bodenner DL. Hyperparathyroidism
associated with long-term proton pump inhibitors independent of concurrent bisphosphonate therapy in
elderly adults. J Am Geriatr Soc. 2015; 63: 2070—2073. https://doi.org/10.1111/jgs.13661 PMID:
26415604

Black DM, Rosen CJ. Postmenopausal osteoporosis. N Engl J Med. 2016; 374: 254—262. https://doi.
org/10.1056/NEJMcp1513724 PMID: 26789873

Blackie R. Diagnosis, assessment and management of osteoporosis. Prescriber. 2020; 31:14—19

Eslick GD, Talley NJ. Gastroesophageal reflux disease (GERD): risk factors, and impact on quality of
life—a population-based study. J Clin Gastroenterol. 2009; 43:111-117 https://doi.org/10.1097/MCG.
0b013e31815ea27b PMID: 18838922

Suissa S, Dell'aniello S, Vahey S, Renoux C. Time-window bias in case-control studies: statins and
lung cancer. Epidemiology. 2011; 22:228-231. https://doi.org/10.1097/EDE.0b013e3182093a0f PMID:
21228697

PLOS ONE | https://doi.org/10.1371/journal.pone.0235163  July 30, 2020 13/13


https://doi.org/10.1001/archinternmed.2010.94
http://www.ncbi.nlm.nih.gov/pubmed/20458083
https://doi.org/10.1111/jgs.13661
http://www.ncbi.nlm.nih.gov/pubmed/26415604
https://doi.org/10.1056/NEJMcp1513724
https://doi.org/10.1056/NEJMcp1513724
http://www.ncbi.nlm.nih.gov/pubmed/26789873
https://doi.org/10.1097/MCG.0b013e31815ea27b
https://doi.org/10.1097/MCG.0b013e31815ea27b
http://www.ncbi.nlm.nih.gov/pubmed/18838922
https://doi.org/10.1097/EDE.0b013e3182093a0f
http://www.ncbi.nlm.nih.gov/pubmed/21228697
https://doi.org/10.1371/journal.pone.0235163

