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ABSTRACT

Objectives: The purpose of this study was to investigate the association between fracture risk and proton pump inhibitor (PPI) use
to establish evidence for defining high—risk groups of fracture among PPl users. Methods: A case—control study was performed
using the National Health Insurance Sample Cohort Database from January 2002 to December 2013, The cases included all
incidences of major fractures identified from January 2011 to December 2013, and up to four controls were matched to each case
by age, gender, osteoporosis, and Charlson comorbidity index, Conditional logistic regression was used to calculate the adjusted
odds ratio (aOR) and associated 95% confidence interval (Cl). Results: Overall, 14,295 cases were identified, and 63,435 controls
were matched to the cases, The aOR of fractures related to the use of PPls was 1,06 (95% Cl: 1,01—1,11), There was a statistically
significant association between fracture and PPl use within 3 months of the last dose, and a trend of increasing fracture risk with
increasing cumulative PPl dose. The risk of fracture was significantly higher in patients who took PPIs for more than 1 year during
the 2—year observation period, Conclusion: Patients who have been using PPIs for more than 1 year should be warned about the
risk of fracture during or at least 3 months after discontinuing the PPI,
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Adults 50 years or older during the subject enroliment period (2011~2013)
in the Health Insurance Sample Cohort Data

(n=21,256,256)

[Case]
Patients with major fracture*
(n=18,026)

1:4 matching

|

by age, gender, [Control]
Y dig ’ngse d ’ Patients without major fracture
9 (n=71,934)

osteoporosis, CCl

[Exclusion]

Patients experienced with any cancer or any fracture
during the observation period (2 years before index date**)

(n=12,230)

[Case]
Eligible for analysis
(n=14,295)

* Major fracture includes hip, vertebral or upper/lower arm fracture

** Date, major fracture occurred
CCI, Charlson’s Comorbidity Index

[Control]
Eligible for analysis
(n=63,435)

Fig. 1. Study subject selection flow
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Table 1. Demographic characteristics of study population

Case Control
(n=14,2995) (n=63,435) p-value
n % n %
Age* 50~59 3,321 23.2 14,159 223 Matched
60~69 3,761 26.3 16,626 26.2
70~79 4,626 324 20,962 33.0
80~ 2,587 18.1 11,688 18.4
Gender* Male 3,526 24.7 15,297 24.1 Matched
Female 10,769 75.3 48,138 75.9
Health insurance NHI for non-employee 5,348 37.4 23,038 36.3 <0.001
type* NHI for employee 7,529 52.7 35,517 56.0
Medical aid 1,418 9.9 4,880 7.7
Income level* 1st quintile 3,640 25.5 13,861 219 <0.001
2nd quintile 2,812 19.7 12,535 19.8
3rd quintile 2,804 19.6 12,480 19.7
4th quintile 1,985 13.9 9,418 14.8
5th quintile 3,054 21.4 15,141 23.9
ccrr Mean(SD) 3.433 (2.605) 3.384 (2.549) Matched
0 1,338 9.4 5914 9.3
1-2 4,738 33.1 21,296 33.6
3-4 4,171 29.2 18,586 29.3
>5 4,048 28.3 17,639 27.8
Comorbidity** Osteoporosis 3,540 24.8 16,298 25.7 Matched
Diabetes mellitus 3,585 25.1 18,418 29.0 <0.001
Rheumatoid arthritis 1,138 8.0 4,172 6.6 <0.001
Parkinson's disease 287 2.0 914 1.4 <0.001
COPD 970 6.8 3,839 6.1 0.001
Hypercalciuria 197 1.4 619 1.0 <0.001
ldiopathic scoliosis 161 1.1 536 0.8 0.001
Medication*** Aluminum 300 2.1 1,045 1.6 <0.001
Glucocorticoids 168 1.2 330 0.5 <0.001
SSRI 506 3.5 1,613 2.5 <0.001
Estrogens 205 1.4 1,163 1.8 0.001
Raloxifen 44 0.3 144 0.2 0.076
Bisphosphonate** 2,577 18.0 6,961 11.0 <0.001

*In the year of 2001
** within 2 years before the index date
*** within 6 months before the index date

NHI, national health insurance; CCI, Charlson's comorbidity index; SD, standard deviation; COPD, chronic obstructive pulmonary disease; SSRI,

selective serotonin reuptake inhibitors
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Table 2. Association of major fracture (vertebral, arm and hip) and proton pump inhibitor use
Case (n=14,295) Control (n=63,435) Crude* Adjusted™*
n % n % Odds ratio (95% Cl) Odds ratio (95% Cl)

Unexposed 10,523 73.6 48,192 76.0 Reference Reference
Exposed 3,772 26.4 15,243 24.0 1.1 (1.06, 1.16) 1.06 (1.01, 1.11)
Timing of the last exposure***

Current 453 3.2 1,712 2.7 1.19 (1.06, 1.32) 1.11 (1.00, 1.25)

Most recent 889 6.2 3,280 52 1.21 (1.12, 1.31) 1.14 (1.05, 1.24)

Recent 533 3.7 2,226 3.5 1.07 (0.97, 1.18) 1.02 (0.92, 1.13)

Recent past 848 59 3,536 5.6 1.08 (1.00, 1.17) 1.03 (0.95, 1.12)

Past 1,049 7.3 4,489 7.1 1.05 (0.98, 1.13) 1.01 (0.94, 1.09)

p for trend 0.0039 0.2475
Number of prescription days

<30 1,844 12.9 7.751 12.2 1.08 (1.02, 1.14) 1.03 (0.98, 1.10)

30<, <%0 1,084 7.6 4,330 6.8 1.12 (1.04, 1.21) 1.06 (0.99, 1.15)

90<, <365 662 4.6 2,546 40 1.15 (1.04, 1.26) 1.08 (0.98, 1.19)

365< 182 1.3 616 1.0 1.30 (1.09, 1.55) 1.20 (1.00, 1.43)

p for trend <0.0001 0.0044
Cumulative dose

0< DDD <30 2,003 14.0 8,333 13.1 1.08 (1.02, 1.14) 1.04 (0.98, 1.10)

30< DDD <90 1,060 7.4 4,198 6.6 1.14 (1.05, 1.22) 1.08 (1.00, 1.16)

90< DDD <180 374 2.6 1,541 2.4 1.05 (0.93, 1.19) 0.99 (0.88, 1.12)

180< DDD <365 243 1.7 864 1.4 1.27 (1.09, 1.48) 1.21 (1.04, 1.41)

365< DDD 92 0.6 306 0.5 1.32 (1.03, 1.68) 1.18 (0.92, 1.51)

p for trend <0.0001 0.0059

*Calculated by conditional logistic regression

**Calculated by conditional logistic regression adjusted for diabetes mellitus, rheumatoid arthritis, Parkinson's disease, chronic obstructive pul-
monary disease, hypercalciuria, idiopathic scoliosis, aluminum, glucocorticoids, selective serotonin reuptake inhibitors, estrogens, raloxifen, bis-

phosphonate

***Current: currently taking PPl at the index date; most recent: 1~90 days before the index date; recent: 21~180 days before the index date;
recent past: 181~365days before the index date; past: more than 365 days before the index date

DDD, defined daily dose

1, Table 1). =4 24 o] o7l B ALES HEoF=8 B
W, TEAPES =oka R GFulEAA, ZE R =A]
2 AN ZEANFFAAA AREAL HIEo] tiETRT
AT O =41, B3 SRS oY 9 X SA|R AR
= A Z=EA|(estrogens)9} bisphosphonate E-84} H- &=
2 H o} 3ol A o] = U TH Appendix 1, Table 1). 82}
oMol FoZH e FRE B HFFHo] 7,586(53.1%)
°oF 7P gar, & 9 E5E-0] 5,142 (36.0%), HE=4
o] 1,708 (11.9%)°] 3t}
PPl AlS1} SF 2zt Hatd

A A1 PPIARSSl w2 &4 A2 2 =M= 1.11 (95%
CI: 1.06-1.16)2 PPI A}g-o] = A3} {213 Axbido] 9l
S B, SHHEs 9 B8ORS HASH $o] e=un
1.06 (95% CI: 1.01-1.11)e.2 SAH o7 §o)tA Z2 ¥
o] T7Ish= A SE YEPstth(Table 2). PPIE 5-83F A153

=4 AT AT Bl E A BE FolAY =4
A 3 A7EA] 583 Al AN BAZK SR o3 =
A A 913 2712 B YK Table 2). &2717F 5<F PPI 24t
U457} SFVeEE 9 =H|% Z7)Ek(p for trend <0.0001)
PPI 7] B-8A10lA =4 130] o S7kshks AoE Jehst
t}. DDDZ 3l 72 5870 mE Aol w E-go]
Z7K =2 A 93o] Z718dtHp for trend <0.0001)
(Table 2). +8=H 7 #F =4 34} 718 &} PPI 5-§&
7} A5 Ao tisix] BEE FA8AT). PPI AL
23 524 99 AP FoTdE WA 9} s o
o2 Uepgou, HEEdo dist =7t a2 AA o
Ulgh @ =H] B} =Rth Q=41 1.19, 95% CI: 1.12-1.26; B
A ©=H]: 1.13, 95% CI: 1.07-1.21) (Table 3). PPI AR&- 94t
o] W2 BA AT FH T B85k Skl A freJstAl f17o]
S7reIR o, BTt 87k S/1E H5=d 9
o) F7Fshe 74335 Bt Table 3).



152 / Korean J Clin Pharm, Vol. 29, No. 3, 2019

Table 3. Association of vertebral fracture and proton pump inhibitor use

Case (n=7,586) Control (n=26,963) Crude* Adjusted™*
n % n % Odds ratio(95% Cl) Odds ratio(95% Cl)
Unexposed 5422 71.5 20,328 75.4 Reference Reference
Exposed 2,164 28.5 6635 24.6 1.19 (1.12, 1.26) 1.13 (1.07, 1.21)
Timing of the last exposure
Current 294 3.9 770 29 1.39 (1.21, 1.60) 1.30 (1.13, 1.50)
Most recent 556 7.3 1451 54 1.39 (1.25, 1.54) 1.30, (117, 1.45)
Recent 314 4.1 971 3.6 1.16 (1.02, 1.33) 1.12, (0.98, 1.28)
Recent past 452 6.0 1511 5.6 1.10 (0.99, 1.23) 1.06 (0.94, 1.18)
Past 548 7.2 1932 7.2 1.05 (0.95, 1.17) 1.01 (0.91, 1.12)
p for trend 0.0024 0.0847
Number of prescription days
<30 1,016 13.4 3,307 12.3 1.13 (1.05, 1.22) 1.09 (1.00, 1.18)
30<, <90 609 8.0 1,874 7.0 1.19 (1.08, 1.31) 1.13 (1.02, 1.25)
90<, <365 421 55 1,164 43 1.30 (1.15, 1.46) 1.23 (1.09, 1.39)
365< 118 1.6 290 1.1 1.47 (1.18, 1.83) 1.36 (1.09, 1.70)
p for trend <0.0001 <0.0001
Cumulative dose
0< DDD <30 1,117 14.7 3,590 13.3 1.15 (1.06, 1.24) 1.10 (1.02, 1.19)
30< DDD <%0 592 7.8 1,787 6.6 1.21 (1.09, 1.34) 1.15 (1.04, 1.27)
90< DDD <180 231 3.0 711 2.6 1.16 (0.99, 1.35) 1.1 (0.95, 1.29)
180< DDD <365 167 22 390 1.4 1.56 (1.30, 1.88) 1.48 (1.23, 1.80)
365< DDD 57 0.8 157 0.6 1.29 (0.94, 1.75) 1.15 (0.84, 1.57)
p for trend <0.0001 <0.0001

*Calculated by conditional logistic regression

**Calculated by conditional logistic regression adjusted for diabetes mellitus, rheumatoid arthritis, Parkinson's disease, chronic obstructive pul-
monary disease, hypercalciuria, idiopathic scoliosis, aluminum, glucocorticoids, selective serotonin reuptake inhibitors, estrogens, raloxifen, bis-

phosphonate

***Current: currently taking PPl at the index date; most recent: 1~90 days before the index date; recent: 21~180 days before the index date;
recent past: 181~365days before the index date; past: more than 365 days before the index date

DDD, defined daily dose
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Appendix 1. Clinical characteristics of study participants and risk of fractures by possible confounding factors

Case (n=14,295) Conftrol (n=63,435) Crude odds ratio
p value*
n % n % (o value**)
Comorbidity

Hemochromatosis 1 0.0 0.0 0.184

Homocystinuria 5 0.0 14 0.0 0.374 1.51 (0.458)
Hypophosphatasia 14 0.1 73 0.1 0.580 0.65 (0.179)
Marfan syndrome 1 0.0 0 0.0 0.184

Menkes steely hair syndrome 1 0.0 2 0.0 0.457 2.00 (0.571)
Anorexia nervosa 7 0.0 33 0.1 0.884 0.93 (0.873)
Hyperprolactinemia 1 0.0 14 0.0 0.333 0.38 (0.354)
Panhypopituitarism 5 0.0 29 0.0 0.579 0.66 (0.403)
Premature menopause - 0.0 8 0.0 0.363

Diabetes meliitus (1 & 2) 3,585 25.1 18,418 29.0 <0.001 0.73 (<0.0001)
Hyperparathyroidism 1 0.0 13 0.0 0.489 0.28 (0.221)
Thyrotoxicosis 450 3.1 1,992 3.1 0.962 0.99 (0.890)
IBD 33 0.2 120 0.2 0.310 1.17 (0.459)
Primary biliary cirrhosis 7 0.0 14 0.0 0.089 3.08 (0.032)
Ankylosing spondylitis 80 0.6 264 0.4 0.020 1.36 (0.022)
Rheumatoid arthritis 1,138 8.0 4,172 6.6 <0.001 1.21 (<0.0001)
Systemic lupus 29 0.2 83 0.1 0.040 1.31 (0.249)
Epilepsy 478 33 1,863 29 0.010 1.10 (0.077)
Multiple sclerosis 7 0.0 19 0.0 0.307 1.24 (0.661)
Parkinson's disease 287 2.0 914 1.4 <0.001 1.35 (<0.0001)
Spinal cord injury 8 0.1 32 0.1 0.793 1.16 (0.723)
Stroke 1,466 10.3 6,444 10.2 0.729 0.98 (0.467)
HIV 3 0.0 18 0.0 0.784 0.50 (0.292)
Amyloidosis 3 0.0 4 0.0 0.122 4.21 (0.125)
COPD 970 6.8 3,839 6.1 0.001 1.11 (0.009)
CHF 443 3.1 1,939 3.1 0.791 0.98 (0.718)
Depression 2,209 15.5 7.651 12.1 <0.001 1.31 (<0.0001)
End stage renal disease 65 0.5 275 0.4 0.729 0.87 (0.363)
Hypercalciuria 197 1.4 619 1.0 <0.001 1.42 (<0.0001)
Idiopathic scoliosis 161 1.1 536 0.8 0.001 1.34 (0.002)
Sacoidosis 3 0.0 9 0.0 0.472 1.61 (0.488)

Medications

Aluminum 300 2.1 1,045 1.6 <0.001 1.26 (0.001)
Anticonvulsant 980 6.9 3,272 52 <0.001 1.35 (<0.0001)
Barbiturates 20 0.1 47 0.1 0.015 1.86 (0.028)
Glucocorticoids 168 1.2 330 0.5 <0.001 2.23 (<0.0001)
Cyclosporin 11 0.1 33 0.1 0.258 1.54 (0.244)
Tacrolimus 8 0.1 36 0.1 0.971 0.97 (0.932)
Methotrexate 83 0.6 207 0.3 <0.001 1.82 (<0.0001)
SSRI 506 3.5 1,613 2.5 <0.001 1.36 (<0.0001)
Tamoxifen 3 0.0 5 0.0 0.169 2.36 (0.273)
Thiazolinedions 152 1.1 705 1.1 0.619 0.98 (0.802)
Thyroid hormones 259 1.8 1,156 1.8 0.932 0.98 (0.824)
Estrogens 205 1.4 1,163 1.8 0.001 0.76 (0.000)
Raloxifen 44 0.3 144 0.2 0.076 1.51 (0.024)
Bisphosphonate 2,577 18.0 6,961 11.0 <0.001 217 (<0.0001)

*Calculated by chi-square test

**Calculated by simple logistic regression

IBD, inflammmatory bowel disease; HIV, human immunodeficiency virus; COPD, chronic obstructive pulmonary disease; CHF, chronic heart fail-
ure; SSR, selective serotonin reuptake inhibitors



